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Emilia Yifei Huanga, Anne Vejen Hansena, Casper Tidemandsena, Nina la Cour Freieslebenb,c, 
Henriette Svarre Nielsenb,c, Vibeke Backerc,d and Charlotte Suppli Ulrika,c

aDepartment of Respiratory Medicine, Copenhagen University Hospital – Hvidovre, Copenhagen, Denmark; bDepartment of Obstetrics and 
Gynaecology, the Fertility Clinic, Copenhagen University Hospital, Hvidovre, Copenhagen, Denmark; cInstitute of Clinical Medicine, 
University of Copenhagen, Copenhagen, Denmark; dDepartment of Otorhinolaryngology and Head & Neck Surgery, Rigshospitalet, 
Copenhagen, Denmark

ABSTRACT
Objective: We investigate symptoms of anxiety and depression among women with asthma prior 
to fertility treatment.
Methods: This is a cross-sectional study of women screened for eligibility to the PRO-ART study 
(RCT of omalizumab versus placebo in asthmatic women undergoing fertility treatment 
(NCT03727971)). All participants were scheduled for in vitro fertilization (IVF) treatment at four 
public fertility clinics in Denmark. Data on demographics and asthma control (ACQ-5) were 
obtained. Symptoms of anxiety and depression were assessed using the Hospital Anxiety and 
Depression Scale (HADS-A and D, respectively) and defined as being present on both subscales if 
a score >7 was obtained. Spirometry, diagnostic asthma test, and measurement of fractional 
exhaled nitric oxide (FeNO) were conducted.
Results: A total of 109 women with asthma were included (mean age 31.8 ± 4.6 and BMI 25.5 ±  
4.6). Most women had male factor infertility (36.4%) or unexplained infertility (35.5%). Twenty- 
two percent of the patients reported uncontrolled asthma (ACQ-5 score > 1.5). The mean HADS-A 
and HADS-D scores were 6.0 ± 3.8 (95% CI 5.3–6.7) and 2.5 ± 2.2 (95% CI 2.1–3.0), respectively. 
Thirty (28.0%) women reported anxiety symptoms, and four (3.7%) had concomitant depressive 
symptoms. Uncontrolled asthma was significantly associated with both depressive (p = 0.04) and 
anxiety symptoms (p = 0.03).
Conclusions: More than 25% of women with asthma prior to fertility treatment had self-reported 
symptoms of anxiety, and just below 5% had self-reported depressive symptoms, possibly related 
to uncontrolled asthma.
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Introduction

Asthma is one of the most common chronic diseases 
among women of reproductive age [1]. Asthma is 
characterised by airway inflammation [2]. Typical 
symptoms include wheezing, shortness of breath, and 
cough of variable intensity over time [2].

Previous studies have linked female asthma to 
impaired reproduction [3,4], and one study showed 
that women with asthma have a higher need for ferti-
lity treatment compared to healthy controls [5]. In 
Denmark, fertility treatments using assisted reproduc-
tive technology (ART) have been increasing [6]. In 
2019, before the COVID-19 pandemic, 12,938 IVF/ 
intracytoplasmic sperm injection (ICSI) treatments, 
and 7,449 treatments with frozen embryo replacement 
(FER) were initiated in fertility clinics in Denmark [7] 
(in the Danish population of nearly 6 million people).

Both asthma and fertility treatment have been linked 
with anxiety and depression. Self-reported anxiety 
symptoms, as well as doctors diagnosed with anxiety 
disorders, have been shown to be more prevalent in 
patients with asthma compared to non-asthma controls 
[8]. Immunological [9] and genetic [10] theories, 
among others, have been suggested as possible expla-
nations for this association. Furthermore, in a study by 
Akula et al. [11], asthma was found to be linked with 
self-reported depressive symptoms, and the association 
between asthma and depression is further underlined 
by a significantly higher use of antidepressant medica-
tion in asthma patients compared to the general popu-
lation, as reported by Håkansson et al. [12]. The 
mechanisms linking asthma and depression have yet 
to be fully understood. However, the physical burden 
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of asthma, as well as immune-inflammatory pathways 
involving different inflammatory factors, have been 
suggested as possible explanations [11,13]. 
Additionally, patients with inadequate self-rated 
asthma control have been shown to have significantly 
higher levels of self-reported depression [14] and anxi-
ety [15] suggesting that poor asthma control may be 
a driver of anxiety and depression in asthmatic 
patients.

The impact of fertility treatment on the psychologi-
cal health of women undergoing fertility treatment has 
been investigated by Lakatos et al. [16], who found that 
ART patients had significantly more self-reported 
depressive symptoms compared to infertile women 
without a history of ART. Furthermore, Volgsten 
et al. [17] found depressive disorders to be more com-
mon in infertile women undergoing IVF treatment 
than in the general population. Additionally, one 
study showed significant changes in self-rated anxiety 
and depressive symptoms throughout IVF treatment 
[18], and moreover, that infertile patients report 
increased levels of anxiety and depression after unsuc-
cessful fertility treatment [19]. These findings suggest 
that fertility treatment has an impact on the level of 
anxiety and depressive symptoms in women.

Based on these findings, the aim of this study was to 
investigate symptoms of anxiety and depression in 
women with asthma who are about to start fertility 
treatment.

Material and methods

Study population

This cohort comprises patients screened for eligibil-
ity for a randomized, double-blinded clinical trial, 
PRO-ART, which investigates omalizumab (anti-IgE 
monoclonal antibody) versus placebo treatment in 
women with asthma undergoing fertility treatment. 
Women were recruited from four public fertility 
clinics in hospitals in Eastern Denmark 
(Copenhagen University Hospital – Hvidovre, 
Copenhagen University Hospital – Rigshospitalet, 
Copenhagen University Hospital – Herlev, and 
Zealand University Hospital – Køge) prior to their 
first cycle of IVF treatment. Potential participants 
for the clinical trial were given a questionnaire with 
20 standardized European Academy of Allergy and 
Clinical Immunology (EAACI) clinical questions 
regarding asthma and allergy (validated as an 
asthma and allergy screening tool). If the women 
responded positively to one or more of the asthma 
questions, they were screened for the presence of 

asthma and eligibility for the RCT. Women were 
eligible for the RCT if they fulfilled the following 
inclusion criteria: (1) informed consent, (2) females 
aged between 18 and 40 years, inclusive, (3) diag-
nosis of asthma with or without allergy, (4) inferti-
lity due to male factor, tubal factor, or unexplained 
infertility, (5) referred to IVF treatment with or 
without ICSI, (6) willingness to receive treatment 
with biologic drugs during menstruation period, (7) 
controlled disease with an ACQ ≤ 1.5 (not applic-
able to our study). The exclusion criteria were as 
follows: (1) other respiratory diseases than asthma, 
(2) other inflammatory disease or a disease that 
affects fertility, (3) allergy to the investigational 
drugs, (4) respiratory infections requiring antibio-
tics or anti-viral treatment within 30 days, (5) 
referred to testicular sperm aspiration (TESA)/testi-
cular sperm extraction (TESE), (6) endometriosis, 
(7) infertility due to other reasons than male factor, 
tubal factor, or unexplained infertility. In the pre-
sent study, we included all women screened for 
eligibility for the RCT who had asthma diagnosed 
or confirmed during the screening visit. Further 
details of the recruitment process for the PRO- 
ART trial have been previously published by 
Tidemandsen et al. [20].

Questionnaires and HADS

Data on baseline characteristics were obtained with 
a questionnaire, and information on fertility history 
was obtained from the medical files of the patients. 
HADS is a self-assessment scale developed to identify 
symptoms of anxiety and depression, and it has been 
validated to screen for the dimensions of anxiety and 
depression [21,22]. The questionnaire encompasses 
14 items subdivided into the HADS-anxiety (HADS- 
A) and HADS-depression (HADS-D) subscales, with 
seven items related to each subscale [23]. Each item 
is rated on a 4-point scale (scores between 0 and 3) 
with a maximum score of 21 for HADS-A and 
HADS-D, respectively [24]. In this study, symptoms 
of anxiety and depression were defined as being pre-
sent in both subscales if a score >7 was obtained 
[22,25]. A validated Danish version of HADS was 
used in this study [26]. The Asthma Control 
Questionnaire (ACQ) is a validated questionnaire 
that measures the level of asthma control [27]. In 
this study, a shortened five-item version (ACQ-5) 
with questions about asthma symptoms only was 
used [28]. The ACQ-5 score is calculated as the 
mean of the five items, where a score of 0 is well- 
controlled asthma and 6 is extremely poorly 
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controlled asthma [27]. In this study, a validated cut-
off of 1.50 points was used to define inadequately 
controlled asthma [29], and a validated Danish ver-
sion of ACQ was used [30].

Spirometry

Spirometry with measurements of forced expiratory 
volume in 1 s (FEV1) and forced vital capacity (FVC) 
was conducted with the Jaeger Spirometer, according 
to recommendations of the American Thoracic Society 
(ATS)/European Respiratory Society (ERS) [31]. 
Predicted values for FEV1 and FVC were calculated 
according to the reference equations [32].

Fractional exhaled NO (FeNO)

FeNO was measured using a nitric oxide analyser 
according to the ATS/ERS guidelines [33]. Patients 
performed the test by exhaling from total lung capacity 
to residual volume at an expiratory flow rate of 50  
mL·s−1 against a resistance of 4–5 cmH2O under the 
guidance of a biofeedback monitor. The level of FeNO 
was calculated as the average of two measurements of 
the FeNO curve plateau. A FeNO level > 25 ppb was 
considered elevated in this study [34].

Objective tests for asthma

A number of tests including bronchial challenge tests 
(methacholine or mannitol) and bronchodilator rever-
sibility testing were performed to objectively diagnose 
or confirm asthma. Most patients had a bronchial chal-
lenge test, and if this test was negative, further testing 
was done. The choice and sequence of tests were based 
on individual assessment.

Methacholine challenge test
Methacholine challenge testing was conducted accord-
ing to the ERS standards [35] using the Vyntus APS 
nebulizer and the Jaeger Spirometer. After inhalation of 
a single dose of nebulized sodium chloride (NaCl) used 
as a control and subsequent spirometry, increasing 
doses of methacholine from 72 µg to a cumulative 
dose of 1483 µg was administered by the nebulizer in 
regular pulses, and spirometry was conducted 120 
s after each dose of methacholine to track potential 
changes in lung function. A decline in FEV1 ≥ 20% 
(provocative dose, PD20) compared to baseline was 
defined as a positive test.

Mannitol challenge test
The mannitol challenge test was performed using 
a standardised test kit, Osmohale. Dry powder of 
mannitol was inhaled in increasing doses from 0 mg 
to a cumulative dose of 635 mg, and each inhalation 
was followed by measurement of FEV1 after 60 sec-
onds [36]. The test was positive if a decline in FEV1 

of 15% occurred at a cumulative dose <635 mg 
(PD15) [37].

Bronchodilator reversibility test
Following spirometry, a standard dose of a short-acting 
beta2-agonist (SABA, 400 µg salbutamol) was adminis-
tered. Spirometry was repeated after approximately 15  
minutes, and a positive test was defined as an increase 
in FEV1 ≥ 12% and ≥200 mL [38].

Statistical analysis

Data were analysed using SPSS statistical software ver-
sion 28 (IBM, North Castle, New York, USA). 
Demographic and clinical characteristics are described 
using means ± standard deviations for continuous data 
and number [percentage] for categorical data. Chi- 
square or Fisher’s exact test, as appropriate, was used 
to analyse binary unpaired data. Two-tailed t-test was 
performed when comparing means. Confidence inter-
vals (CIs) presented for mean HADS-A and HADS-D 
score, respectively, as well as for mean ACQ-5 score in 
women with self-reported symptoms of anxiety 
(HADS-A >7) and without (HADS-A <7) A p-value 
<0.05 was considered statistically significant.

Ethics approval

This study was performed in accordance with the 
Helsinki II declaration, and according to Danish legis-
lation. The PRO-ART study is approved by the 
Research Ethics Committee of the Capital Region of 
Denmark (H-18016605) and the Danish Medicines 
Agency (EudraCT no: 2018–001137–41) and permis-
sion has also been obtained from the Danish Data 
Protection Agency (journal number: VD-2018486 and 
I-Suite number 6745).

Results

Baseline characteristics

A total of 109 women in the screening cohort of PRO- 
ART with a verified diagnosis of asthma were included 
in the present study, mean age 31.8 ± 4.6 years and BMI 
25.5 ± 4.6 kg·m−2, respectively. Almost all patients were 
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nulliparous (102 [93.6]). Sixteen (15.0%) women had 
experienced one or more pregnancy terminations, and 
20 (18.7%) had had at least one pregnancy loss. The 
most frequent causes of infertility were male factor 
infertility (39 [36.4]) and unexplained infertility (38 
[35.5]). Further details on the demographics and ferti-
lity characteristics are listed in Table 1.

Asthma characteristics

Before the screening visit, 64 (58.7%) patients received 
no asthma medication, while 26 (23.9%) patients were 
prescribed inhaled corticosteroid (ICS) in combination 
with a long-acting beta2-agonist (LABA). Twenty-four 
(22.4%) patients were classified as having poorly con-
trolled asthma (ACQ-5 score > 1.5). Detailed informa-
tion on lung function, asthma medication, and asthma 
characteristics are shown in Table 2.

HADS questionnaire findings

The mean HADS-A score was 6.0 ± 3.8 (95% CI 5.3–6.7), 
and the mean HADS-D score was 2.5 ± 2.2 (95% CI 2.1– 
3.0). In total, 30 (28.0%) women had self-reported 

symptoms of anxiety, of these, four (3.7%) had concomi-
tant self-reported symptoms of depression. No cases of 
self-reported depressive symptoms only were observed.

When comparing those who used only SABA or no 
asthma medication to those who used ICS or ICS +  
LABA before the screening visit, the mean score was 
higher in the first group in regard to both HADS-A 
(6.5 ± 3.9 vs. 4.9 ± 3.5, respectively, p = 0.041) and 
HADS-D (2.8 ± 2.3 vs. 1.9 ± 1.9, respectively, p =  
0.040). The mean ACQ-5 score was higher in women 
with a HADS-A score > 7 (mean 1.3 ± 0.7 (95% CI 1.0– 
1.6)) than those with a lower HADS-A (0.8 ± 0.9 (95% 
CI 0.7–1.1), p = 0.01, respectively). No significant dif-
ference in mean ACQ-5 score was found between 
women with a HADS-D score above or below 7. See 
Table 3 for further details.
Table 4 shows the distribution of women with HADS- 
A or HADS-D scores > 7 when stratified according to 
demographic characteristics, level of lung function, 
asthma, and fertility history. Poor asthma control was 
significantly associated with both symptoms of depres-
sion and anxiety. Self-reported symptoms of anxiety or 
depression were not significantly associated with the 
other variables included in the analysis.

Table 1. Characteristics of demographics and 
reproduction characteristics in women with 
asthma referred to fertility treatment and evalu-
ated for eligibility for enrolment into a randomized 
clinical trial (n = 109).

Characteristics Value

Age, years 31.8 ± 4.6
BMI, kg·m−2 25.5 ± 4.6
Civil status

Married/Cohabiting (couple) 99 [90.8]
Single 10 [9.2]

Smoking status
Never-smoker 69 [63.3]
Former smoker 27 [24.8]
Current smoker 13 [11.9]

Number of children
≥1 7 [6.4]
None 102 [93.6]

Pregnancy terminations
�1 16 [15.0]*

Pregnancy loss
�1 20 [18.7]*

Biochemical 6 [5.6]*
Miscarriage 14 [13.1]*

Cause of infertility
Male factor 39 [36.4]*
Tubal factor 7 [6.5]*
PCOS 5 [4.7]*
Single/same sex partner 14 [13.1]*
Unexplained 38 [35.5]*
Combined 4 [3.7]*/**

Notes: Values are expressed as mean ± SD and number [%]. 
BMI: body mass index; PCOS, polycystic ovary syndrome. 
*Missing values for two cases. **In all cases combined 
male factor infertility and PCOS. 
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Table 3. Comparison of demographics, level of lung function, FeNO, and asthma symptom control between women with 
asthma referred to fertility treatment with and without self-reported symptoms of anxiety or depression based on the Hospital 
Anxiety and Depression Scale (HADS). A cutoff score > 7 was used in both the HADS-anxiety and HADS-depression subscales.

HADS-A ≤7 
N = 77

HADS-A >7 
N = 30 p-value

HADS-D ≤ 7 
N = 104

HADS-D > 7 
N = 4 p-value

Age 32.12 ± 4.36 30.80 ± 5.10 0.18 31.73 ± 4.52 32.75 ± 6.65 0.66
BMI 25.48 ± 4.71 25.98 ± 4.40 0.62 25.43 ± 4.55 29.92 ± 3.97 0.06
FEV1 %pred 100.40 ± 13.23 103.03 ± 14.32 0.37 101.07 ± 13.60 98.25 ± 14.89 0.69
FeNO 17.49 ± 17.56 18.00 ± 17.84 0.90 17.75 ± 17.81 16.35 ± 3.93 0.88
ACQ-5 score 0.84 ± 0.87 1.29 ± 0.72 0.01 0.93 ± 0.86 1.65 ± 0.47 0.10

Notes: Values are expressed as mean ± SD. HADS, Hospital Anxiety, and Depression Scale; HADS-A, HADS subscale for anxiety; HADS-D, HADS subscale 
for depression; BMI: body mass index; FEV1, forced expiratory volume in 1 s; FeNO, fractional exhaled nitric oxide; ACQ, asthma control 
questionnaire. Values of p < 0.05 were considered significant and are written in bold. Values missing for HADS-A two cases and HADS-D one 
cases in all analyses. 

Table 4. Women with asthma referred to fertility treatment who had self-reported symptoms of anxiety or 
depression based on the Hospital Anxiety and Depression Scale (HADS) stratified according to case history and 
clinical characteristics. A cutoff score > 7 was used in both the HADS-anxiety and HADS-depression subscales.

Age BMI

<35 ≥35 p-value <25 ≥25 p-value

HADS-A >7 21 [70.00] 9 [30.00] 0.62 13 [43.30] 17 [56.70] 0.50
HADS-D > 7 2 [50.00] 2 [50.00] 0.60# 1 [25.00] 3 [75.00] 0.62#

Relationship status History of smoking

Couple Single p-value Yes No p-value

HADS-A >7 27 [90.00] 3 [10.00] 1.00# 12 [46.70] 16 [53.30] 0.22
HADS-D > 7 4 [100.00] 0 [0] 1.00# 3 [75.00] 1 [25.00] 0.14#

FEV1 %pred ACQ-5

<80 ≥80 p-value <1.5 >1.5 p-value

HADS-A >7 2 [6.70] 28 [93.30] 0.62# 19 [63.30] 11 [36.70] 0.03
HADS-D > 7 0 [0] 4 [100.00] 1.00# 1 [25.00] 3 [75.00] 0.04#

History of pregnancy loss Cause of infertility

Yes No p-value Known Unknown p-value

HADS-A >7 6 [20.70]* 23 [79.30]* 0.79 21 [72.40]* 8 [27.60]* 0.37
HADS-D > 7 1 [25.00]** 3 [75.00]** 0.57# 4 [100]** 0 [0]** 0.30#

Notes: Values are expressed as number (%). HADS, Hospital Anxiety, and Depression Scale; HADS-A, HADS subscale for anxiety; HADS-D, 
HADS subscale for depression; BMI, body mass index; FEV1, forced expiratory volume in 1 second; ACQ, asthma control questionnaire. 
Pregnancy loss includes miscarriage and biochemical pregnancy loss. Values of p < 0.05 were considered significant and written in bold. 
#p-value determined from analysis with Fisher’s exact test. Values missing for HADS-A two cases and HADS-D one cases in all analyses 
except values missing for × 4 and **3 cases. 

Table 2. Level of lung function, prescribed asthma 
medication, FeNO, and asthma control in women 
with asthma referred to fertility treatment (n = 109).

Characteristics Value

Lung function
FEV1 L 3.38 ± 0.54
FEV1 %predicted 100.96 ± 13.52
FVC L 4.26 ± 0.66
FVC %predicted 107.90 ± 13.74
FEV1/FVC 0.79 ± 0.06

Asthma medication before the visit
No medication 64 [58.7]
SABA only 10 [9.2]
ICS monotherapy 9 [8.3]

ICS + LABA 26 [23.9]
FeNO, ppb 17.7 ± 17.4*
ACQ-5 score > 1.5 24 [22.4]*

Notes: Values are expressed as mean ± SD and number [%]. 
FEV1, forced expiratory volume in 1 s; FVC, forced vital capa-
city; SABA, short-acting beta2-agonist; ICS, inhaled corticoster-
oid; LABA, long-acting beta2-agonist; FeNO, fractional exhaled 
nitric oxide; ACQ, asthma control questionnaire. *Missing 
values for two cases. 
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Discussion

In this study of 109 patients, we found that 30 (28.0%) 
women had self-reported symptoms of anxiety prior to 
fertility treatment and furthermore, four (3.7%) 
patients had concomitant symptoms of depression, 
whereas none of the patients had depressive symptoms 
only. Furthermore, we found that there may be 
a correlation between poor asthma control and self- 
reported symptoms of anxiety and depression.

According to a study by Kolte et al. [39], the pre-
valence of self-reported moderate or severe depression 
is 2.2% in a cohort of 1,813 Danish women who are 
trying to conceive naturally. We found a slightly higher 
prevalence of self-reported symptoms of depression 
(3.74%) in our study population. Likewise, the preva-
lence of self-rated anxiety symptoms in our study 
population (27.5%) is higher than the prevalence of 
self-reported high stress level in women trying to con-
ceive naturally (23.3%). However, it is important to 
note that the results by Kolte et al. are not directly 
comparable to our results, as they investigated the 
prevalence of self-reported moderate or severe depres-
sion and stress level in women who were trying to 
conceive naturally, whereas our study examines the 
prevalence of self-reported depressive and anxiety 
symptoms, respectively, in women with asthma prior 
to fertility treatment. Furthermore, they used other 
questionnaires than HADS to assess the psychological 
state of the women. Still, both study groups consist of 
Danish women trying to conceive, which makes the 
results from Kolte et al. a relevant standard of reference 
for our study population.

The relatively high prevalence of self-report anxiety 
and depressive symptoms in our study population sug-
gests that asthma and fertility treatment are affecting 
the psychological health of the women in our study. 
Still, it is difficult to determine whether it is asthma or 
fertility treatment or perhaps both being the main 
driver of anxiety and depression. The link between 
anxiety and asthma has been described by Ye et al. 
[8] who reported a significant association between 
asthma and self-report symptoms of anxiety, as well 
as clinically diagnosed anxiety disorders. In terms of 
anxiety and fertility treatment, a study by Massarotti 
et al. [40] found higher levels of anxiety before treat-
ment than during treatment, possibly because the 
women had already spent a long time trying to con-
ceive without success, and due to fear of the unknown 
treatment ahead. Additionally, Liu et al. [18] observed 
that in couples undergoing IVF treatment, the women 
reported higher levels of both anxiety and depressive 
symptoms in the early stages of treatment prior to 

embryo transfer compared to after embryo transfer, 
perhaps due to the uncertainty of treatment success 
combined with high expectations concerning ovarian 
growth and fear of the egg retrieval procedure. 
Although we did not repeat HADS during fertility 
treatment in the present study, our results support 
the finding of a generally high prevalence of anxiety 
symptoms in women prior to fertility treatment.

We found a significant difference in distribution of 
women with anxiety and depressive symptoms strati-
fied according to the level of asthma control. 
Furthermore, the mean ACQ-5 score was found to be 
higher in women with a HADS-A score > 7 than those 
with a lower HADS-A, which suggests that anxiety and 
depressive symptoms may be associated with uncon-
trolled asthma. Still, the clinical implication of the 
latter result needs to be addressed. The difference in 
ACQ-5 score between the two groups is 0.45 and there-
fore lower than the minimal clinically important dif-
ference (MCID) for ACQ-5 which is close to 0.5 [41]. 
As the MCID represents the threshold value of change 
in ACQ-5 score that has an implication in clinical 
management [42], the difference in mean ACQ-5 
score between the two groups of women is perhaps 
not noticeable in a clinical setting.

However, previous studies support our findings, 
therefore, it is relevant to address the possible associa-
tion between anxiety and depression and uncontrolled 
asthma. Di Marco et al. [15] found self-rated poor 
asthma control to be closely correlated with self- 
reported symptoms of anxiety and depression, and 
Trzcinka et al. [14] reported self-rated, inadequate 
asthma control to be significantly associated with any 
grade of self-reported depression. Considering that the 
women in our study population have asthma and are 
aiming to become pregnant, it is interesting to see that 
Grzeskowiak et al. [43] found that a history of maternal 
depression or anxiety significantly increases the risk of 
poor asthma control in women with asthma during 
pregnancy. To add to this, Powell et al. [44] reported 
that women’s self-rated asthma control and self-report 
anxiety symptoms are associated with future asthma 
exacerbation risk and preterm birth. Since we found 
poor asthma control to be associated with both anxiety 
and depressive symptoms in our study population of 
women with asthma trying to obtain pregnancy, early 
detection of anxiety and depression in women with 
asthma who are about to start fertility treatment 
could have an important positive impact on asthma 
control and exacerbation risk during pregnancy.

The association between asthma and anxiety is 
further complicated when considering the question 
about causality. The nature of the interplay between 
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asthma and anxiety symptoms is complex due to the 
similarity of symptoms. Consequently, the possibilities 
of asthma causing anxiety or anxiety causing asthma 
both seem likely. Our results do not address this matter 
of direction of causality; however, it can be hypothe-
sized that difficulty in breathing due to bronchial con-
striction in asthma could induce anxiety symptoms and 
a feeling of panic due to the fear of not being able to 
breathe properly. Conversely, anxiety symptoms might 
induce respiratory symptoms as shown by Leander 
et al. [45], who found that HADS score is a strong 
determinant for attacks of breathlessness at rest in 
asthma patients, suggesting that anxiety symptoms 
might exacerbate asthma symptoms. This hypothesis 
of a bidirectional relationship between asthma and 
anxiety is supported by the findings of Del Giacco 
et al. [46].

The clinical overlap between asthma, anxiety, and 
depression is also worth considering. Anxiety and 
depression have some shared symptoms, including fati-
gue and sleep difficulties [47]. Previous studies have 
found that fatigue is also highly prevalent in patients 
with asthma [48,49]. To add to this, Günaydın et al. 
showed that self-reported fatigue in patients with 
asthma was significantly correlated with self-reported 
symptoms of depression and anxiety [50]. Sleep diffi-
culties such as sleep initiation problems, sleep main-
tenance, and early morning awakening are also 
common among patients with asthma [51]. From 
a clinical point of view, it is important to be aware of 
these complex interplays and diagnostic overlaps 
between asthma, anxiety, and depression as they may 
pose a differential diagnosis problem.

Strengths and limitations

A strength of this study is that all participants had an 
objectively verified asthma diagnosis. Another strength 
is that women were recruited from four different public 
fertility clinics in Denmark and not just one clinic, 
increasing the representativeness of the study 
population.

However, there are also limitations to this study. 
First, using questionnaires to assess symptoms of 
mood disorders might be questioned due to concerns 
about somatic illness affecting or being mistaken as 
symptoms of a mood disorder, as well as the risk of 
insufficient distinction between different mood disor-
ders because of symptom overlap [23,47]. However, in 
the development of HADS, Zigmond and Snaith have 
attempted to prevent this matter by excluding all symp-
toms of anxiety or depression which also relates to 
physical disorder and omitting terms that overlap 

with physical symptoms such as ‘headache’ or ‘dizzi-
ness’ [23], and validation studies generally agree on 
HADS performing well in screening for the separate 
dimensions of anxiety and depression [21,52]. Second, 
participants in our study only completed HADS before 
the first cycle of treatment, thereby omitting the impact 
of later stages of fertility treatment on symptoms of 
anxiety and depression. Optimally, HADS should be 
repeated, for instance, after embryo transfer, as con-
ducted by Liu et al. [18], and after the human chorionic 
gonadotropin (hCG) result, as increased self-rated 
symptoms of depression and anxiety after fertility 
treatment failure was observed by Maroufizadeh 
et al. [19].

Conclusion

This study brings forward a new perspective on anxiety 
and depressive symptoms in a study population of 
women with asthma prior to fertility treatment. We 
showed that more than 25% and just below 5% of 
women with asthma who are about to start fertility 
treatment had self-reported symptoms of anxiety and 
depression, respectively, and our findings are consis-
tent with those of previous studies reporting an asso-
ciation between asthma control and symptoms of 
anxiety and depression. Our findings suggest that 
early detection of anxiety and depressive symptoms as 
well as mental health interventions for women who are 
both dealing with asthma and are about to start fertility 
treatment are needed.

Disclosure statement

The clinical trial PRO-ART is financed by a grant from 
Novartis, and the study drug omalizumab is provided by 
Norvartis (CIGE025ADK01T PROART). CSU has outside 
the submitted work received personal fees from AZ, TEVA, 
Novartis, Pfizer, GSK, Takeda, BI, Berlin Chemie, Sanofi, 
Covis Pharma and Orion Pharma. The authors (EYH, 
AVH, CT, NLF, HSN & VB) declare that they also have no 
conflict of interests in relation to this manuscript.

References

[1] Kwon HL, Belanger K, Bracken MB. Asthma prevalence 
among pregnant and childbearing-aged women in the 
United States: estimates from national health surveys. 
Ann Epidemiol. 2003;13(5):317–324.

[2] The Global Initiative for Asthma (GINA). Pocket Guide 
for Asthma Management and Prevention [Internet]. 
2022 [cited 2022 Dec 18]. Available from: https:// 
ginasthma.org/pocket-guide-for-asthma-management- 
and-prevention/

EUROPEAN CLINICAL RESPIRATORY JOURNAL 7

https://ginasthma.org/pocket-guide-for-asthma-management-and-prevention/
https://ginasthma.org/pocket-guide-for-asthma-management-and-prevention/
https://ginasthma.org/pocket-guide-for-asthma-management-and-prevention/


[3] Gade EJ, Thomsen SF, Lindenberg S, et al. Fertility 
outcomes in asthma: a clinical study of 245 women 
with unexplained infertility. Eur Respir J. 2016 Apr 
1;47(4):1144–1151. doi:10.1183/13993003.01389-2015

[4] Gade EJ, Thomsen SF, Lindenberg S, et al. Asthma 
affects time to pregnancy and fertility: a register-based 
twin study. Eur Respir J. 2014;43(4):1077–1085.

[5] Hansen AV, Ali Z, Malchau SS, et al. Fertility treat-
ment among women with asthma: a case–control 
study of 3689 women with live births. Eur Respir J. 
2019 Feb 1;53(2):1800597. doi:10.1183/13993003. 
00597-2018

[6] Danish Health Data Authority. Antallet af fertilitetsbe-
handlinger har været stigende fra 2012 til 2019. April 
2022 https://sundhedsdatastyrelsen.dk/-/media/sds/filer/ 
find-tal-og-analyser/sygdomme-og-behandlinger/assis 
teret-reproduktion/indblik-1-udvikling-i-ivf_25042022. 
pdf?la=da.

[7] Danish Health Data Authority. Yearly report on 
Assisteret reproduktion 2019. version 1.0. 
Sundhedsdatastyrelsen. Feb 2021.

[8] Ye G, Baldwin DS, Hou R. Anxiety in asthma: 
a systematic review and meta-analysis. Psychol Med. 
2021;51(1):11–20.

[9] Yang C, Liu D, Xu Z, et al. The pro-inflammatory 
cytokines, salivary cortisol and alpha-amylase are asso-
ciated with generalized anxiety disorder (GAD) in 
patients with asthma. Neuroscience Neurosci Lett. 
2017;656:15–21.

[10] Zhu Z, Zhu X, Liu C, et al. Shared genetics of asthma 
and mental health disorders: a large-scale genome-wide 
cross-trait analysis. Eur Respir J. 2019;19;54(6):1901507. 
doi:10.1183/13993003.01507-2019.

[11] Akula M, Kulikova A, Khan DA, et al. The relationship 
between asthma and depression in a community-based 
sample. J Asthma. 2018;55(12):1271–1277.

[12] Håkansson KEJ, Renzi-Lomholt M, Backer V, et al. 
High use of antidepressant medication in both mild-to- 
moderate and possible severe asthma – a nationwide 
cohort study. J Asthma Allergy. 2022;15:13–23.

[13] Jiang M, Qin P, Yang X. Comorbidity between 
depression and asthma via immune-inflammatory 
pathways: a meta-analysis. J Affect Disord. 
2014;166:22–29.

[14] Trzcinska H, Zwierzchowska B, Kozlowski B, et al. 
Analysis of the role of selected demographic and psy-
chological variables (anxiety and depression) as risk 
factors of inadequate control of bronchial asthma. Ann 
Agric Environ Med. 2013;20(3):504–508.

[15] Di Marco F, Verga M, Santus P, et al. Close correlation 
between anxiety, depression, and asthma control. Respir 
med. 2010 Jan;104(1):22–28.

[16] Lakatos E, Szigeti JF, Ujma PP, et al. Anxiety and 
depression among infertile women: a cross-sectional 
survey from Hungary. BMC Womens Health. 2017;17 
(1):48.

[17] Volgsten H, Skoog Svanberg A, Ekselius L, et al. 
Prevalence of psychiatric disorders in infertile women 
and men undergoing in vitro fertilization treatment. 
Hum Reprod. 2008;23(9):2056–2063.

[18] Liu Y, Fu Z, Chen S, et al. The analysis of anxiety and 
depression in different stages of in vitro 

fertilization-embryo transfer in couples in China. 
Neuropsychiatr Dis Treat. 2021;17:649–657.

[19] Maroufizadeh S, Karimi E, Vesali S, et al. Anxiety and 
depression after failure of assisted reproductive treat-
ment among patients experiencing infertility. 
Int J Gynecol Obst. 2015 Sep 1;130(3):253–256. doi:10. 
1016/j.ijgo.2015.03.044

[20] Tidemandsen C, Juul Gade E, Ulrik CS, et al. Treatment 
with the anti-IgE monoclonal antibody omalizumab in 
women with asthma undergoing fertility treatment: 
a proof-of-concept study—The PRO-ART study proto-
col. BMJ Open. 2020 Nov 12;10(11):e037041. doi:10. 
1136/bmjopen-2020-037041

[21] Bjelland I, Dahl AA, Haug T, et al. The validity of the 
hospital anxiety and depression scale an updated litera-
ture review. J Psychosom Res. 2002;52(2):69–77.

[22] Herrmann C. International experiences with the hospi-
tal anxiety and depression scale–a review of validation 
data and clinical results. J Psychosom Res. 1997;42:1741.

[23] Zigmond AS, Snaith RP. The hospital anxiety and 
depression scale. Acta Psychiatr Scand. 1983;67 
(6):361–370.

[24] Ciprandi G, Schiavetti I, Rindone E, et al. The impact of 
anxiety and depression on outpatients with asthma. Ann 
Allergy Asthma Immunol. 2015 Nov 1;115(5):408–414. 
doi:10.1016/j.anai.2015.08.007

[25] Licari A, Ciprandi R, Marseglia G, et al. Anxiety and 
depression in adolescents with asthma and in their 
parents: a study in clinical practice. Monaldi Arch 
Chest Dis. 2019;89(3). doi:10.4081/monaldi.2019.1063

[26] Danish respiratory society. Hospital Anxiety and 
Depression Scale (HAD) [Internet]. 1994 [cited 2023 
May 15]. Available from

[27] Juniper EF, O’Byrne PM, Guyatt GH, et al. 
Development and validation of a questionnaire to mea-
sure asthma control. Eur Respir J. 1999;14(4):902–907.

[28] Juniper EF, Svensson K, Mörk AC, et al. Measurement 
properties and interpretation of three shortened ver-
sions of the asthma control questionnaire. Repir Med. 
2005;99(5):553–558.

[29] Juniper EF, Bousquet J, Abetz L, et al. Identifying “well- 
controlled” and “not well-controlled” asthma using the 
asthma control questionnaire. Respir med. 2006 Apr;100 
(4):616–621.

[30] Danish respiratory society. Astmakontrol spørgeskema 
(ACQ) [Internet]. 1999 [cited 2023 May 15]. Available 
from: https://lungemedicin.dk/skemaer/

[31] Miller MR, Hankinson J, Brusasco V, et al. 
Standardisation of spirometry. Eur Respir J. 2005 
Aug;26(2):319–338.

[32] Quanjer PH, Tammeling GJ, Cotes JE, et al. Lung 
volumes and forced ventilatory flows. Eur Respir J. 
1993 Mar 1;6(Suppl 16):5–40. doi:10.1183/09041950. 
005s1693

[33] American Thoracic Society, European Respiratory 
Society. ATS/ERS recommendations for standardized 
procedures for the online and offline measurement of 
exhaled lower respiratory nitric oxide and nasal nitric 
oxide, 2005. Am J Respir Crit Care Med. 2005 Apr 
15;171(8):912–930. doi:10.1164/rccm.200406-710ST

[34] Dweik RA, Boggs PB, Erzurum SC, et al. An official 
ATS clinical practice guideline: interpretation of exhaled 

8 E. YIFEI HUANG ET AL.

https://doi.org/10.1183/13993003.01389-2015
https://doi.org/10.1183/13993003.00597-2018
https://doi.org/10.1183/13993003.00597-2018
https://sundhedsdatastyrelsen.dk/-/media/sds/filer/find-tal-og-analyser/sygdomme-og-behandlinger/assisteret-reproduktion/indblik-1-udvikling-i-ivf_25042022.pdf?la=da
https://sundhedsdatastyrelsen.dk/-/media/sds/filer/find-tal-og-analyser/sygdomme-og-behandlinger/assisteret-reproduktion/indblik-1-udvikling-i-ivf_25042022.pdf?la=da
https://sundhedsdatastyrelsen.dk/-/media/sds/filer/find-tal-og-analyser/sygdomme-og-behandlinger/assisteret-reproduktion/indblik-1-udvikling-i-ivf_25042022.pdf?la=da
https://sundhedsdatastyrelsen.dk/-/media/sds/filer/find-tal-og-analyser/sygdomme-og-behandlinger/assisteret-reproduktion/indblik-1-udvikling-i-ivf_25042022.pdf?la=da
https://doi.org/10.1183/13993003.01507-2019
https://doi.org/10.1016/j.ijgo.2015.03.044
https://doi.org/10.1016/j.ijgo.2015.03.044
https://doi.org/10.1136/bmjopen-2020-037041
https://doi.org/10.1136/bmjopen-2020-037041
https://doi.org/10.1016/j.anai.2015.08.007
https://doi.org/10.4081/monaldi.2019.1063
https://lungemedicin.dk/skemaer/
https://doi.org/10.1183/09041950.005s1693
https://doi.org/10.1183/09041950.005s1693
https://doi.org/10.1164/rccm.200406-710ST


nitric oxide levels (FENO) for clinical applications. Am 
J Respir Crit Care Med. 2011 Sep;184(5):602–615.

[35] Coates AL, Wanger J, Cockcroft DW, et al. ERS techni-
cal standard on bronchial challenge testing: general 
considerations and performance of methacholine chal-
lenge tests. Eur Respir J. 2017;49(5):1–17. doi:10.1183/ 
13993003.01526-2016

[36] Runa P, Søren BP, Peter P, et al. Asthma – Diagnostik – 
DLS | Dansk Lungemedicinsk Selskab [Internet]. [cited 
2022 Aug 11]. Available from: https://lungemedicin.dk/ 
astma-diagnostik/

[37] Anderson SD, Brannan J, Spring J, et al. A new method 
for bronchial-provocation testing in asthmatic subjects 
using a dry powder of mannitol. Am J Respir Crit Care 
Med. 1997;156:758–765.

[38] Heinzerling L, Mari A, Bergmann KC, et al. The skin prick 
test-European standards. Clin Transl Allergy. 2013;3:3.

[39] Kolte AM, Olsen LR, Mikkelsen EM, et al. Depression 
and emotional stress is highly prevalent among women 
with recurrent pregnancy loss. Hum Reprod. 2015;30 
(4):777–782.

[40] Massarotti C, Gentile G, Ferreccio C, et al. Impact of 
infertility and infertility treatments on quality of life and 
levels of anxiety and depression in women undergoing 
in vitro fertilization. Gynecol Endocrinol. 2019 Jun 3;35 
(6):485–489. doi:10.1080/09513590.2018.1540575

[41] Bonini M, Di Paolo M, Bagnasco D, et al. Minimal 
clinically important difference for asthma endpoints: an 
expert consensus report. Eur Respir Rev. 2020;3;29 
(156):190137.

[42] Sedaghat AR. Understanding the Minimal Clinically 
Important Difference (MCID) of patient-reported out-
come measures. Otolaryngol Head Neck Surg. 2019 Oct 
1;161(4):551–560. doi:10.1177/0194599819852604

[43] Grzeskowiak LE, Smith B, Roy A, et al. Impact of 
a history of maternal depression and anxiety on asthma 

control during pregnancy. J Asthma. 2017;54 
(7):706–713. doi:10.1080/02770903.2016.1258080

[44] Powell H, McCaffery K, Murphy VE, et al. Psychosocial 
variables are related to future exacerbation risk and 
perinatal outcomes in pregnant women with asthma. 
J Asthma. 2013 May;50(4):383–389.

[45] Leander M, Lampa E, Rask-Andersen A, et al. Impact of 
anxiety and depression on respiratory symptoms. Respir 
med. 2014 Nov 1;108(11):1594–1600. doi:10.1016/j. 
rmed.2014.09.007

[46] Del Giacco SR, Cappai A, Gambula L, et al. The 
asthma-anxiety connection. Respir med. 2016 Nov 
1;120:44–53. doi:10.1016/j.rmed.2016.09.014

[47] Zbozinek TD, Rose RD, Wolitzky-Taylor KB, et al. 
Diagnostic overlap of generalized anxiety disorder and 
major depressive disorder in a primary care sample. 
Depress Anxiety. 2012;29:1065–1071.

[48] Van Herck M, Spruit MA, Burtin C, et al. Fatigue is 
highly prevalent in patients with asthma and contributes 
to the burden of disease. J Clin Med. 2018 Dec 1;7 
(12):471. doi:10.3390/jcm7120471

[49] Peters JB, Rijssenbeek-Nouwens LH, Bron AO, et al. 
Health status measurement in patients with severe 
asthma. Respir med. 2014 Feb;108(2):278–286.

[50] Günaydın FE, Ediger D, Erbay M. Fatigue: a forgotten 
symptom of asthma. Clin Respir J. 2021 Jul 1;15 
(7):741–752. doi:10.1111/crj.13356

[51] Janson C, Gislason T, Boman G, et al. Sleep distur-
bances in patients with asthma. Respir med. 1990;84 
(1):37–42.

[52] Al Aseri ZA, Suriya MO, Hassan HA, et al. 
Reliability and validity of the hospital anxiety and 
depression scale in an emergency department in 
Saudi Arabia: a cross-sectional observational study. 
BMC Emerg Med. 2015 Oct 12;15(1). doi:10.1186/ 
s12873-015-0051-4

EUROPEAN CLINICAL RESPIRATORY JOURNAL 9

https://doi.org/10.1183/13993003.01526-2016
https://doi.org/10.1183/13993003.01526-2016
https://lungemedicin.dk/astma-diagnostik/
https://lungemedicin.dk/astma-diagnostik/
https://doi.org/10.1080/09513590.2018.1540575
https://doi.org/10.1177/0194599819852604
https://doi.org/10.1080/02770903.2016.1258080
https://doi.org/10.1016/j.rmed.2014.09.007
https://doi.org/10.1016/j.rmed.2014.09.007
https://doi.org/10.1016/j.rmed.2016.09.014
https://doi.org/10.3390/jcm7120471
https://doi.org/10.1111/crj.13356
https://doi.org/10.1186/s12873-015-0051-4
https://doi.org/10.1186/s12873-015-0051-4

	Abstract
	Introduction
	Material and methods
	Study population
	Questionnaires and HADS
	Spirometry
	Fractional exhaled NO (FeNO)
	Objective tests for asthma
	Methacholine challenge test
	Mannitol challenge test
	Bronchodilator reversibility test

	Statistical analysis
	Ethics approval

	Results
	Baseline characteristics
	Asthma characteristics
	HADS questionnaire findings

	Discussion
	Strengths and limitations
	Conclusion
	Disclosure statement
	References

