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Abstract

Objectives: Given the rising concern over depression and anxiety among adolescents, this study
aims to investigate their potential impact on respiratory health by comparing pulmonary function

test (PFT) parameters between healthy adolescents and those with either depression or anxiety or
those exhibiting symptoms of both depression and anxiety.

Materials and Methods: In this cross-sectional study, a random sample of school-going
adolescents aged 13-18 years from various schools in Sikkim, both males and females, were
selected. Depression and anxiety were assessed using the Revised Children’s Anxiety and
Depression Scale-25, and pulmonary function was measured using a computerised spirometer-
Spirolab 111. The recorded variables included forced vital capacity (FVC), forced expiratory
volume in 15t second (FEV1), FEV1/FVC ratio, peak expiratory flow rate (PEFR) and forced
expiratory flow at 25-75% (FEF 25-75%).
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Results: Significant differences emerged in FVC (P=0.034), PEFR (P=0.013) and FEF
25-75% (P =0.023) between healthy and depressed adolescents aged 13-18 years. Similarly, a
significant difference was observed in PEFR (£ =0.022) and FEF 25-75% (~=0.002) between
healthy adolescents and those with symptoms of both depression and anxiety. These differences
were more pronounced among students in higher grades. Furthermore, significant differences in
PEFR (P=0.015) and FEF 25-75% (P < 0.001) were found while comparing healthy males and
males with symptoms of both depression and anxiety. However, no such disparities were seen in
girls. There was no significant difference in any of the parameters when compared between the
healthy group and those with anxiety.

Conclusion: Depressed adolescents exhibited significantly reduced FVC, PEFR and FEF 25—
75% compared to their healthy counterparts, despite being otherwise healthy. This negative
association was more pronounced in the higher age group. However, anxious adolescents did
not show any significant difference in PFT compared to healthy peers.
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INTRODUCTION

Depression is a major public health issue and is one of the leading causes of chronic
disability in the world. There is evidence that major depression has a joint effect with
chronic physical conditions to amplify the functional disability.[X] There are numerous
research studies which have observed various disease conditions, including respiratory

diseases, to be associated with depression and anxiety. Studies have also shown that the
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treatment outcome of many respiratory diseases is reduced in the presence of depression.
Therefore, it is only relevant to look at this condition from all angles and in all age groups
possible. Depression and increased levels of mental health disorders have been found to
be associated with decreased lung function in the adult population of the United States.[?]
It has been shown to be related to compromised Forced Expiratory Volume in 15t second

(FEV1) in the general adult population, even after adjusting for confounding factors.[3]

The actual mechanism causing a decline in pulmonary function in depressed populations
has not been understood well. However, depression is now being seen as an inflammatory
disorder, and many studies to prove its pathophysiology in this direction have been done.
Alteration in innate and adaptive immune systems in depression is an established hypothesis.
[4 A review paper by Maes et a/[] has concluded that there is compromised oxidative and
antioxidative balance in depressive disorders, leading to oxidative stress and subsequently

inflammation. Due to the extensive surface area for the exchange of gases in the lungs,

the respiratory system may be more prone to injury caused by oxidative stress, leading to

reduced lung function.[®] As respiration is also under voluntary control, different emotions,
such as sadness and excitement, affect the rate and depth of respiration. Depression has been
found to affect the rate of respiration and the performance of respiratory muscles.l”] Han et
al.18] in their 8-year follow-up study, found that there was a clear longitudinal association
between chronic depression and faster pulmonary function decline among women. Zheng et
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al 19 in their study, concluded that depression and poor lung function are risk factors for
each other.

Anxiety disorder is one of the most predominant mental health disorders in adolescents; with
a prevalence rate of 20-30% as found by different studies.[10] Major depressive disorder

and anxiety are two important causes of disability, especially in women.[X1] Many studies
have ascertained the association of anxiety with respiratory diseases.[12-14] However, an
association between compromised regulation of respiration and anxiety in normal subjects
has been scarcely studied. Pine et a/,[*®] compared the response to carbon dioxide inhalation
in children with and without anxiety disorder. They found a definite hyperresponsiveness in
children with anxiety disorder, which indicates dysregulation of respiration in these children.
[15.16] A reduced FEV1/FEV was found to be associated with general anxiety.[7]

Evaluation of respiratory functions in individuals with depression and anxiety is an
understudied domain in adolescent health. It is hypothesised that there will be a difference
in the Pulmonary Function Test (PFT) parameters in healthy, depressed and anxious
adolescents. Hence, the objective of this study was to compare the PFT parameters in
depressed, anxious and healthy school-going adolescents.

MATERIALS AND METHODS
Study design and setting

This is a cross-sectional was study carried out in Higher Secondary schools coming under
the purview of the Education department in the East district of Sikkim between June 2021
and July 2023. The total number of schools in the district is 31, which were enumerated
and assigned unique numbers. Through a lottery system, 20% of these schools (/7= 6) were
randomly selected and invited to take part in the study. One of the selected schools declined
to participate, resulting in a total of five participating schools. Out of these, four schools
were from four different wards, and one school was from a gram panchayat unit.

Inclusion criteria

All children between the ages of 13 and 18, both male and female, who consented to
participate were included in the study.

Exclusion criteria

Smokers, those diagnosed with lung diseases, those not willing to participate in the study,
or those who were not able to answer more than three questions out of 25 questions of the
questionnaire were excluded from the study. Students with a body mass index (BMI)>30
were also excluded, as obesity negatively affects pulmonary function.

Sample size

It was estimated considering a 40% prevalence of depression in adolescents based on a
previous study[X7] with a relative error of 10%. The type 1 error was restricted to 5%,

that is, at a 95% confidence interval. Considering an attrition rate of 10%, the sample size
calculated was 660. The total sample consisted of children between 8t and 12t standard.

Indian J Physiol Pharmacol. Author manuscript; available in PMC 2024 October 17.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Thapa et al.

Page 4

Sampling strategy

To ensure representative sampling, the total number of eligible students in each class ranging
from class VIII to Class XII within the selected schools were enumerated. Subsequently,

25 students were selected from each class through simple random sampling using a lottery
method based on the list of eligible students obtained earlier. In some rural schools with
fewer students, probability proportional to size technique was applied to calculate the
number of selected students. The height and weight of all the students were recorded, and
BMI was calculated. Information on the history of respiratory disease was taken using a
standardised pro forma.

A total of 631 students filled up the questionnaire. Out of the total of 631 students, 277
students were excluded because of various reasons, as given in Figure 1. The pro forma was
filled in the classroom itself, guided by the investigator. The flow of the participants is given
in Figure 1.

Outcome measures

Depression and anxiety assessment tool—The Revised Children’s Anxiety and
Depression Scale-25 (RCADS-25) is a 25-question scale that measures levels of anxiety
and depression. The scale has two subsets of scales, one for the total anxiety scale and

the other for the total depression scale.[18] All questions assess the frequency of symptoms
and are rated on a 4-point Likert scale. The total score of the RCADS-25 is calculated

by assigning 0-3 to the response categories of ‘never’, ‘sometimes’, ‘often’ and ‘always’,
respectively. The sum of all 25 items is tallied and represents the severity of general anxiety
and depressive symptoms. Total scores are converted to T-scores using specific equations
that have been developed through research and account for the gender and grade of each
child. Three sets of T scores are obtained: one for depressive symptoms, one for anxiety
symptoms and one for those who have symptoms of both depression and anxiety. Scores
between 65 and 70 represent medium severity and are on the borderline clinical threshold,
and scores above 70 represent high severity and are above the clinical threshold. The
RCADS-25 questionnaire was self-administered and filled out by the investigator as and
when necessary for the diagnosis of depression and anxiety.

Students with scores =65 on the depression scale were categorised into the depressed group.
However, within this group, individuals scoring =65 on the anxiety scale were excluded to
mitigate the influence of anxiety as a confounding factor. Similarly, students who scored =65
on the anxiety scale but <65 on the depression scale were classified as anxious. Those who
scored =65 on the third set of scores, that is, depression and anxiety scale, were categorised
as depressed and anxious.

The subscales of the RCADS-25 have been validated and have acceptable reliability in
school-based samples. Studies have shown that it has very good internal consistency and
is acceptable to good test-retest reliability.[1920] The test-retest stability of the RCADS-25
has been found to be acceptable with all intraclass correlation coefficient values of >0.79.
[21] RCADS-25 has also been adopted for cross-cultural use.[22-25] In India, it has been
developed in Hindi[26] and has been used in a few studies.[?7]
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PFTs—PFTs were performed as per the guidelines of the American Thoracic Society.

A portable computerised spirometer-Spirolab 111 was used. Spirometry was done in the
classrooms of each school by the investigator, along with a trained technician. All recordings
were taken in standing posture. The variables recorded were Forced Vital Capacity (FVC),
FEV1, FEV1/FVC ratio, - Peak Expiratory Flow Rate and Forced Expiratory Flow at
25-75% (FEF 25-75%). As effort exerted by the subject can influence the quality of the
spirometry results, clear instructions were given before the test, and the procedure was
properly monitored. Further, three recordings were taken from each subject, and the best
reading out of the three observations was taken to ensure the reliability of the test results.
As the actual recorded values and predicted values of PFT vary with age, height and weight,
the percentage of predicted values of PFT has been considered for analysis and comparison.
This ensures the standardisation of values.

Data collection procedure

Ethical clearance was obtained from the Institutional Ethics Committee of Sikkim Manipal
Institute of Medical Sciences (SMIMS/IEC/2022-148). Written permission was obtained
from the Director of school education, Department of Human Resource Development,
Government of Sikkim, to conduct the study across various government schools in the
state. In private schools, permission was obtained from the principals of the respective
schools. The RCADS-25 was used for the assessment of depression. Permission to use the
RCADS-25 was obtained from its authors.

Written informed consent was taken from students who were 18 years of age, and consent of
teachers and parents for those who were below 18 years, whereby it was clearly mentioned
that data confidentiality would be maintained while ensuring the anonymity of the subjects.
After this, the process of data collection was started.

Statistical analysis

Descriptive statistics were used to summarise demographic data. The grouped data were
subjected to normality tests (Shapiro Wilk’s) accompanied by visual analysis of histograms,
based on which the decision was taken to analyse data through parametric and non-
parametric tests of comparison. During subgroup analysis, group sizes =30 were considered
sufficient for the Central Limit Theorem to hold and subject data to parametric analysis.

Independent £test was used as a parametric test of comparison, and Wilcoxon’s test

was used as a non-parametric test of comparison. Comparisons were computed between
healthy and each affected group under the domains of depression, anxiety and population
experiencing symptoms of both depression and anxiety. The level of significance was set at
P<0.05 and 95% confidence interval.

Participants with RCADS scores =65 in each category (Depression, Anxiety and both
Depression and Anxiety) were considered affected. Subgroup analyses for depression,
anxiety and combined depression and anxiety were performed in both genders and two
subgroups based on their academic class. The analysis included the percentage of predicted

Indian J Physiol Pharmacol. Author manuscript; available in PMC 2024 October 17.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

RESULTS

Page 6

values of PFT. Data analysis was executed using ‘Statistical Package for the Social Sciences
software version 20.0".

A total of 631 students filled the questionnaires with only 354 undergoing spirometry due to
various exclusion criteria, as given in Figure 1. Among the participants, 165 (46.61%) were
boys and 189 (53.39%) were girls. The mean age of the total population was 15.4 years, with
a standard deviation of 1.8, as shown in Table 1. Of the 354 students, 76 (21.47%) exhibited
depressive symptoms, 109 (30.79%) showed symptoms of anxiety, and among these, 107
(30.22%) displayed symptoms of both depression and anxiety, as per the scores of RCADS
[Table 1]. This indicates a substantial proportion of students experiencing the co-occurrence
of depression and anxiety. Further, the analysis revealed that only 25 (7%) students showed
symptoms of depression alone and did not show symptoms of anxiety (hereafter referred

to as purely depressed), whereas 58 (16%) showed symptoms of anxiety alone and did not
show symptoms of depression (hereafter referred to as purely anxious). A comparison of
PFT was then made between the healthy group (those who did not show any symptom

of depression or anxiety) and these three different groups, namely depressed, anxious and
depressed and anxious.

There was a significant difference in PFT parameters such as FVC (P=0.034), PEFR (P
=0.013) and FEF 25-75% (P = 0.023) between the children who had only depression and
those who were healthy [Table 2].

However, no significant difference was seen in any of the PFT parameters when a
comparison was made between the purely anxious group and the healthy cohort.

In the comparative analysis of PFT between the healthy group and those experiencing both
depression and anxiety, it was revealed that PEFR (P = 0.022) and FEF 25-75% (P = 0.002)
showed significant differences in these groups, as outlined in Table 3.

To delve deeper into this, the students were further divided into two subsets for analysis.
One subset comprised students from grades VIII to X, while the other included students
from grades XI and XII. This division aimed to explore whether the reduction in pulmonary
function was age-related and linked to the chronicity of depression and anxiety.

A comparison of PFT was then conducted between the healthy group and those experiencing
both depression and anxiety in both subsets. In the subset of students from grades VIl to

X, no significant differences were found in any PFT parameter. However, in the subset of
students from grades XI and XII, a significant difference was observed in FEV1/FVC (P=
0.012), PEFR (£ =10.008) and FEF 25-75% (~=0.001), as detailed in Table 4.

The total sample was further stratified into two groups based on gender, and an analysis was
conducted to compare pulmonary function between those with both depression and anxiety
and the healthy groups in both genders. Notably, a significant difference was observed in
PEFR (P=0.015) and FEF 25-75% (P < 0.001) when the comparison was made among
boys, as outlined in Table 5. However, no such difference was noted in girls.
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DISCUSSION

The primary objective of this study was to explore if there was any relationship between
depression and anxiety with pulmonary function in adolescents without any respiratory
disease.

In our study, it was seen that FVC, PEFR and FEF 25-75% were significantly lesser in

the depressed group than in the healthy group. However, other parameters were not found
to be significantly different, which is almost similar to the findings of a study by Peng et
al[281 who, in addition to FV/C, also found a negative association of FEV1 with depression.
Krommydas et a/[29] found a similar association in asthmatic depressed patients.

However, their study was done on an adult population. As PEFR and FEF 25-75% reduction
are early changes and indicate future development of decreased FEV1, it can be thought that
the changes seen in the adolescent age group may indicate possibilities of progression to
FEV1 reduction after they transition to adulthood. This inference is also supported by our
other finding in which it was seen that the negative association of PFT with depression and
anxiety was seen in students of higher age groups (Grades XI and XII), and no significant
difference was seen in younger age groups (Grade VI1II to X).

Goodwin et a/?] found an association of depression with restrictive lung disease in adults.
In our study, a reduction of FVC was seen in the depressed group, which can be compared to
the finding of restrictive lung disease.

Han eral. [8], in their 8-year-long longitudinal study, saw that PFT parameters such as FVC,
FEV1 and PEFR in depressed women declined much faster compared to women with no
signs of depression at baseline assessment. They also found that there was a higher risk of
pulmonary disease mortality in women with depressive symptoms than the women who had
no depression. No such relation was found in men. This is contrary to our finding as in

this study, a significant difference in PEFR and FEF 25-75% was observed when compared
between healthy males and males with depression and anxiety, whereas no such difference
was seen in females [Table 5].

This difference in findings could be due to the different demography of the population
that we studied. Future studies could explore the underlying mechanisms driving these
gender-specific differences further.

The findings of Ochs-Balcom et a/[3% is similar to the finding of this study, where they
found a negative association between depression and PFT in males, but these males were
smokers. This smoking habit could have been the confounding factor affecting lung function
rather than depression.

Research suggests that inflammatory processes play a role in the development and
progression of depressive symptoms. This, in turn, has been documented as a possible risk
factor for a decline in pulmonary function.[3] This was further studied by Lu et a/[32],
who found a relation between depression and decline in pulmonary function in older adults,
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which was, in turn, associated with increased serum levels of proinflammatory markers —
Interleukin 6 and C-reactive protein.

Anxiety and obstructive lung disease both have a common symptom of dyspnoea. There are
studies in which reported dyspnoea in anxiety is common. Many studies have reported the
coexistence of anxiety and respiratory diseases. There is much evidence from community-
based studies to suggest a strong association between asthma and anxiety and mood
disorders. This association has also been found in the young population by several studies.
(2] However, very few studies have assessed the association of anxiety with a measurable
decline in lung function in otherwise healthy individuals.

A study by Ho er a/[33] suggests that anxiety was one of the motive causes associated
with respiratory symptoms other than lung disease. Spitzer er a/[1"1 also found an actual
quantitative airflow limitation in anxiety and panic disorders. In our study, no significant
difference was seen in any of the parameters of PFT between purely anxious and healthy
adolescents. As the study by Spitzer et al. was on the general population, future studies
could investigate whether these relationships differ across different age groups.[17]

The coexistence of depression and anxiety was found to be common. However, the PFT of
the healthy group was also compared with those who had both depression and anxiety. The
result was similar to those that were found in purely depressed participants, such as PEFR

and FEF 25-75%, which was significantly reduced.

As many studies have shown a negative association between pulmonary function and
depression and anxiety in the adult population, analysis was done to see if this relationship
was stronger in the higher age groups. On analysis, it was seen that no difference in

PFT was observed when a comparison was done between the healthy group and those

with depression and anxiety in students of Grades VIII, 1X and X. However, there was a
significant difference in FEV1/FVC, PEFR and FEF 25-75% when comparison was done
between these groups in the subset of students from grades X1 and XII. This difference could
be related to age, and the reduction in PFT may have become progressively more evident in
the older age group.

However, it is important to note that despite the significant reduction in PFT values in the
depressed and anxious adolescents as compared to the healthy group, the overall parameters
measured remained within the normal range for both groups.

Limitations of the study

. While estimating the prevalence, the diagnosis was made on the basis of
questionnaire scores and not by interview with a psychiatrist

. As there was the coexistence of depression and anxiety in most participants, the
number of students who were purely depressed or purely anxious was much less
for analysis.
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CONCLUSION

The PFT parameters such as PEFR and FEF 25-75% were significantly decreased in
depressed adolescents who were otherwise healthy individuals. In higher age group
depressed adolescents, FEV1/FVVC was also reduced. There was no compromise of lung
function in anxious students. A reduction of PEFR and FEF by 25-75% was seen in the
group who had symptoms of both depression and anxiety. Therefore, evaluation of lung
function in depressed and anxious adolescents and timely intervention may prove beneficial
for the lung health of these depressed and anxious adolescents. A longitudinal study in this
regard may throw more light on this association.
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6 Higher Secondary Schools in East District were
requested to participate.

Schools refusing to participate =1

5 Schools (in four different Municipal Wards and one
Gram Panchayat Unit) agreed to participate.

(Randomized n=631 in 25 classes)

Excluded: n =277

(Due to Exclusion Criteria)

Absence on the day of spirometry: n = 131
Incomplete filled forms: n = 102

History of Respiratory Disease: n = 31
BMI>30:n=13

Total No. of Participants: n = 354
Male = 165; Females = 189

Figure 1:
Flow of participants through the study period. BMI: Body mass index.
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Descriptives of demographic data of the participants.

Table 1:

Total (n=354) Male (n=165) Female (n=189)
(Mean+SD)
Age (years) 15.4+1.8 15.44+1.91 15.35+1.69
Height (cm) 160.3149.79  165.98+8.42 155.26+8.02
Weight (kg) 50.39+9.17 53.06+9.94 48.01+7.71
Body mass index (kg/m?) 19.60+3.12 19.19+2.89 19.97+3.28
n (% of total population)

Grade

Class VII1-X 144 (40.68) 70 (19.77) 74 (20.90)

Class XI-XI1 210 (59.32) 97 (27.40) 113 (31.92)
Depressed

Class VII1-X 14 (3.95) 3(0.85) 11 (3.10)

Class XI-XI1 11 (3.11) 7 (1.98) 4(1.13)
Anxious

Class VIII-IX 36 (10.17) 20 (5.65) 16 (4.52)

Class XI-XI1 22 (6.21) 10 (2.82) 12 (3.38)
Depressed as well as anxious

Class VII1-X 65 (18.36) 26 (7.34) 39 (11.02)

Class XI-XI1 42 (11.86) 15 (4.24) 27 (7.62)

Page 13

0.662
<0.001
<0.001

0.019

All values are in mean and SD unless stated otherwise. SD: Standard deviation
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Table 2:

Comparison of pulmonary function between healthy and depressed groups.

PFT parameters in the percentage of predicted values  Healthy (n=215) Depressed (n=25) *U, p

FVC 87 (73-97) 79 (56.5-89.5)  —2.121,0.034
FEV1 96 (83-108) 90 (63.5-102.5) -1.775, 0.076
FEV1/FVC 113 (108-115) 112 (106.5-115)  -0.171, 0.864
PEFR 84 (65-104) 61 (46-93) -2.476, 0.013
FEF (25-75%) 115 (86-138) 94 (69-117.5)  -2.280, 0.023

*

U: *Mann-Whitney U test statistic
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All values are in median and inter-quartile range unless stated otherwise, FVC: Forced vital capacity, FEV1: Forced expiratory volume (in 18t
second), PEFR: Peak expiratory flow rate, FEF (25-75%): Forced expiratory flow at 25-75%, PFT: Pulmonary function test,
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Table 3:

Comparison of pulmonary function between healthy group and group with both depression and anxiety.

PFT parameters in the percentage of predicted values  Healthy (n=215) Depressed and anxious (n=107)

FvC 86.26+16.9 85.14+17.83
FEV1 95.55+17.30 93.77+19.21
PEFR 84.17+6.66 76.78+2.20

FEF (25-75%) 112.96+36.1 100.72+27.81

P
0.583
0.404
0.022
0.002
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All values are in mean and standard deviation unless stated otherwise. FVVC: Forced vital capacity, FEV1: Forced expiratory volume (in 18t second),

PEFR: Peak expiratory flow rate. FEF (25-75%): Forced expiratory flow at 25-75%, PFT: Pulmonary function test
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Table 4:
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Comparison of pulmonary function between the healthy group and the group with both depression and anxiety

in subgroups of Class XI and XII.

PFT parameters in the percentage of predicted values  Healthy (n=60)

FvC 83.8+15.5
FEV1 94.56+18
FEV1/FVC 113+6.37
PEFR 88.28+27
FEF (25-75%) 117+38

Depressed and anxious (n=42)
85.92+20
94.76+21
109.71+6
73.70+26
96.8+23

p
0.551
0.961
0.012
0.008
0.001

All values are in the median and interquartile range unless stated otherwise. FVC: Forced vital capacity, FEV1: Forced expiratory volume (in 15t

second), PEFR: Peak expiratory flow rate, FEF (25-75%): Forced expiratory flow at 25-75%, PFT: Pulmonary function test
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Table 5:
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Comparison of pulmonary function between healthy group and group with both depression and anxiety in

males.

PFT parameters in the percentage of predicted values  Healthy (n=124) Depressed and anxious. (n=41)

FvC 87.79%+15 87.8+19.43
FEV1 100.62+17 98.17+21

FEV1/FVC 113.89+4.45 112.29+8.53
PEFR 94.6+23 80.3+33.87
FEF (25-75%) 127.8+29 107.14+31.5

p
0.998
0.456
0.254
0.015

<0.001

All values are in median and inter-quartile range unless stated otherwise, FVC: Forced vital capacity, FEV1: Forced expiratory volume (in 18t
second), PEFR: Peak expiratory flow rate, FEF (25-75%): Forced expiratory flow forced expiratory flow at 25-75%, PFT: Pulmonary function test
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