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Background: The research into the recurrence of cough variant asthma (CVA) in congenital heart disease (CHD) are
few in number. The purpose of this study is to investigate the effect of CHD on the risk of the recurrence of CVA.

Methods: This study was a retrospective cohort study of 489 children with CVA aged between one and 14 years, of
whom 67 had CHD complicated with CVA and 134 had CVA without CHD at a ratio of 1:2 according to age, sex and

index year. The adjusted hazard ratio (aHR) of CVA recurrence in both the CHD cohort and the non-CHD cohort was
determined by multivariate analysis using the Cox proportional hazard regression model.

Results: Adjusting for CHD classification, Mycoplasma pneumonia (MP) infection and immunoglobulin E (IgE)
sensitization, the recurrence hazard of CVA in the complex congenital heart disease (CCHD) group (aHR=3.281;95%
Cl11.648-6.530; P<0.01) was significantly higher than that in the simple congenital heart disease group (@HR=2.555;
95% Cl 1.739-3.752; P<0.01). Further, children with IgE sensitization (@HR=2.172; 95% Cl 1.482-3.184; P<0.01) had

a higher recurrence hazard of CVA than those without IgE sensitization, and children with MP infection (@HR=1.777;
95% Cl 1.188-2.657; P<0.01) had a higher recurrence hazard of CVA than those without the MP infection.

Conclusion: The hazard of recurrent CVA is higher in children with CHD, especially in the CCHD children. In addition,
those children with IgE sensitization or a MP infection had an increased hazard of recurrent CVA.

Introduction

Asthma is a chronic airway inflammatory disease charac-
terized by bronchial hyperresponsiveness and reversible
airflow obstruction. A cause of health problems globally
for all ages, asthma affects approximately 300 million
people worldwide. Its incidence rate, treatment costs
and burden on health care systems in many developed
nations such as China, Australia, New Zealand, Canada
and the United Kingdom, are increasing [1]. The Global
Initiative on the Prevention and Treatment of Asthma
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(GINA) defines cough variant asthma (CVA) as a special
type of asthma without wheezing or shortness of breath,
where coughing is the sole or main symptom [1]. CVA
in children is a particular type of asthma, predominantly
characterized by a persistent cough. Children with CVA
have no typical clinical symptoms and are easy to misdi-
agnose, resulting in their being unable to receive stand-
ardized treatment. The disease can then develop into
typical asthma, hence affecting the child’s growth. CVA
in children can be prevented, but it is difficult to cure,
and always causes repeated attacks. Therefore, discover-
ing the hazard factors of CVA is of great importance in
the prevention and provision of relevant treatment for it.
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In contrast, the total number of children diagnosed
with congenital heart disease (CHD) has been rising
due to improved diagnosis. However, there has been no
improvement in its treatment. Over the past 60 years,
great progress has been made in the medical and surgi-
cal care of these children. However, specialists are facing
challenges as these children develop new complications
[2]. They often need long-term follow-up for lifelong
heart problems and decades of reoperations to carry out
surgical repairs that may even lead to various respiratory
diseases. For children with CHD complicated by CVA,
it is necessary to carry out further studies into the like-
lihood of incidence and recurrence rates increasing. At
the same time, the relationship between the severity of
airflow obstruction and cardiovascular disease’s morbid-
ity and mortality has been well established. However, the
relationship between CVA characterized by variable air-
way obstruction and cardiovascular disease is not clear,
and data reported on the relationship between asthma
and cardiovascular disease have not been confirmed [3].

In addition, considering the gradual increase in the
incidence and recurrence rates of CVA, children with
CHD are of great interest. The effect of CHD on the
recurrence rate of CVA in children has rarely been stud-
ied till now.

Methods

A total of 489 children aged between one and 14 years
with CVA were recruited from the hospital-based outpa-
tient Respiratory Disease Clinic during the period from
September 2018 to March 2019. The diagnostic criteria
of CVA were based on the Guidelines for the Diagnosis
and Prevention of Bronchial Asthma in Children, 2016
[4]. Figure 1 depicts the cohort selection process. We
identified 67 cases of CHD complicated by CVA from
their medical history and color doppler ultrasound exam-
ination from these children. The date of the CVA diagno-
sis was set as the index date. Index date is the time when
the children were enrolled, and the starting time of each
group of experimental studies. The starting time of each
group of patients may be different. We then frequency
matched the 134 children with CVA but without CHD,
in a ratio of 1:2 according to sex, age and index date. The
Medical Ethics Committee of Guangdong Provincial
People’s Hospital reviewed the project and obtained the
written informed consent of the parents or guardians. All
the children were given routine blood tests, Mycoplasma
pneumoniae antibodies and allergen specific IgE tests,
and their family history was collated. After their clinical
symptoms had been controlled, they were followed up
for 12 months. During the follow-up period, drug treat-
ments and allergen avoidance were standardized. The
recurrence of CVA was assessed using the cough visual
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analogue scale(VAS) score, the total symptom score,
the daytime and nighttime symptom score, the children
asthma control test(C-TAC) score, and the test for respir-
atory and asthma control in kids(TRACK) score.

Diagnostic criteria of CVA

Cough lasts for more than 4 weeks, and often attacks
or worsens during exercise, night and/or early morn-
ing, with dry cough as the main cause and no breath-
ing.

There is no clinical sign of infection, or it is ineffec-
tive after long-term antibiotic treatment.
Anti-asthma drugs are effective in diagnostic treat-
ment.

Eliminate chronic cough caused by other reasons.
Positive bronchial provocation test and/or average
diurnal variation rate of PEF (continuous monitor-
ing for 2 weeks) > 13%.

Individual or first-and second-degree relatives have
a history of atopic diseases, or have positive allergen
test.

The above items 1-4 are the basic conditions for
diagnosis.

Exclusion criteria

Children who did not take medicine regularly, who
avoided food, who had other basic diseases, and whose
family members did not agree to completing the follow-
up, were excluded from the study (Fig. 1).

Mycoplasma pneumoniae

Two groups of children had 2 ml of blood taken from
which the serum was separated from the blood and
Mycoplasma pneumoniae IgM antibody (MP IgM) test-
ing was carried out, strictly implementing the diagnostic
kit for measuring MP antibodies (Passive Particle Agglu-
tinatio) (SERODIA-MYCO 1I, Fujirebio Inc. Japan). An
IgM titer of no less than 1:160 was regarded as positive,
indicating an MP infection in children.

IgE measurement

The serum specific Immunoglobulin E (sIgE) to 14 kinds
of common allergens and serum total IgE were detected
using the AllergyScreen test (Mediwiss Analytic GmbH,
Moers, Germany). The sIgE allergen assays were tested
for milk, egg albumin, peanut, cashew nut, walnut, and
dust mite; a positive test result was defined as a result of
0.35 kU/L. IgE sensitization was defined as having one or
more positive values for serum allergen-specific IgE.
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72 new cases of CHD
complicated with CVA

Excluded children with CVA
before index date(n=3) and

missing clinical data(n=2)

X

67 CHD  children
complicated with CVA

489 children aged 1-14 years with CVA were collected from
the outpatient clinic from September 2018 to March 2019

All the enrolled children completed blood
routine examination, Mycoplasma pneumoniae

According to similar
age, sex and Index
date at a ratio of 1:2

134 non-CHD children
complicated with CVA

Figure 1 Flow chart presenting the selection of study children

examination and specific IgE allergen screening

Total 201 CHD and non-CHD cohorts in our study
Follow-up until 12 months later, death, or loss to
follow-up

Abbreviations:CHD:congenital heart disease, CVA:cough variant asthma

Treatment

All children with CVA received the standard treatment,
including conventional anti-allergy therapy, allergen
avoidance, inhaled corticosteroids (ICS), and a long-
acting beta-agonist (LABA). Children under six years
of age were treated with fluticasone propionate inhala-
tion aerosol (125 pg/PEN), and children over six years
of age were treated with Seretide (salmeterol/rocasone
inhalation aerosol) (100 ug/PEN) twice daily for three
months, with an appropriate dose reduction after three
months to once daily depending on the condition. Dur-
ing this period, Vantorin (salbutamol powder spray) (100
ug/PEN) was used when severe coughing occurred for

the asthma. Children with the MP infection were treated
with Azithromycin (10 mg/kg/d) for four weeks.

Outcome measures

The primary outcome this study assessed was the date
of the CVA diagnosis. All cases were followed-up start-
ing from the index date until whichever occurred first:
12 months later, loss to follow-up, or death.

Statistical methods

The x* test was used to determine the baseline dis-
tributions of the CHD and non-CHD cohorts. The
recurrence rate of CVA was stratified by gender, age
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group (1-3, 4-6, and 7-14 years), and the follow-up
time (< 6 months and > 6 months) of both cohorts. The
adjusted hazard ratio (aHR) and 95% confidence inter-
val (CI) of the CVA recurrence were determined by
multivariate analysis using the Cox proportional haz-
ard regression model. with controls adjusted for CHD
classification, MP infection and IgE sensitization. In
order to exclude the influence of time-dependent fac-
tors, the follow-up time was divided into <6 months
and > 6 months. The aHR of the rate of the CVA recur-
rence in children with CHD was estimated according
to the CHD classification, the MP infection and IgE
sensitization. The paired multivariable Cox propor-
tional hazard model was stratified to assess the hazard
of the CVA recurrence for both CHD and non-CHD
cohorts. All statistical analysis was performed by the
SPSS 24.0 software. The log-rank test assessed the dif-
ferences between the two cohorts by comparing the
cumulative incidence curves. GraphPad Prism 8.0 was
used for the study’s drawings. A P value of less than
0.05 in a two-tailed test was considered significant.
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Results

We screened 67 CVA children with CHD and 134 chil-
dren with non-CHD from 2018 to 2019. During the fol-
low-up period, there were four occurrences of censored
data in the CHD cohort and seven in the non-CHD
group. Table 1 shows a comparison of demographic char-
acteristics and clinical manifestations between the two
cohorts. The gender and age distributions of the cohorts
were similar. Of the children, 55.2% were male, 40.3%
were aged 1-3 years, 28.4% were 4—6 years old and 31.3%
were 7-14 years of age. There were no significant differ-
ences in family history, laboratory examinations or treat-
ments between the two cohorts at the baseline.

The cumulative hazard of recurrent CVA was signifi-
cantly higher in the CHD cohort (P=0.001, log-rank
test) than in the non-CHD group (see Fig. 2).

Table 2 shows univariate and multivariate analysis of
CVA predictors. From the univariate analysis of CVA
predictors, CHD classification, MP infection and IgE
sensitization were significant differences, while most
predictors did not differ between the two virus cohorts.
Overall, the multivariable Cox proportional hazards
model demonstrated that the recurrence hazard of CVA
in the CCHD group was significantly higher than that in

Table 1 Baseline characteristics and clinical presentation of 201 children for the CHD and non-CHD cohort

Characteristic Non-CHD CHD Pvalue
N=134 N=67
N % N %

Clinical presentation
Age (year) 0.99

1-3 54 40.3 27 403

4-6 38 284 19 284

7-14 42 31.3 21 313
Sex 0.99

Male 74 55.2 37 55.2

Female 60 448 30 44.8
Family history of allergies 123 91.8 57 85.1 0.150
Family history of eczema 64 47.8 30 44.8 0.689
Family history of asthma 26 194 14 209 0.803
Laboratory examination
Elevated eosinophil ratio 44 328 18 268 0.388
Mycoplasma pneumonia positive 69 515 38 56.7 0.484
sIgE sensitization 85 63.4 40 59.7 0.607
Food 70 522 32 47.8 0.549
Aeroallergen 84 62.7 37 552 0.308
Treatment 0.99
Fluticasone Propionate inhalation aerosol (flixotide) + salbutamol 92 68.7 46 68.7
Salmeterol xinafoate and fluticasone propionate powder for inhalation 42 313 21 313

(seretide) + salbutamol

CHD congenital heart disease
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Follow-up ( months)
Abbreviations:CHD: congenital heart disease
Kaplan-Meier curve in the overall analytic cohort (n = 201). Compared with children
without congenital heart disease,the risk of recurrent cough variant asthma(CVA) by was
significantly different in those with congenital heart disease(CHD) (log-rank p<0.01).

Figure.2 CVA recurrence rate within 12 months of CHD group and

non-CHD group

the non-CHD cohort (aHR =3.281; 95% CI 1.648—6.530;
P=0.001) after adjusting for CHD classification, MP
infection and IgE sensitization; while the recurrence
hazard of CVA in the SCHD group was also significantly
higher than that in the non-CHD cohort (aHR=2.555;
95% CI 1.739-3.752; P=0.000). Further, the recurrence
hazard of CVA with IgE sensitization (aHR=2.172; 95%
CI 1.482-3.184; P=0.000) had a higher hazard than
those without IgE sensitization; the recurrence hazard
of CVA with MP infection (aHR=1.777; 95% CI 1.188-
2.657; P=0.005) had a higher hazard than those without
the MP infection.

Table 2 univariate and multivariate analysis of predictors of CVA
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Figure 3 shows the hazard ratios of non-CHD versus
CHD cohorts for risks of all-cause mortality in the pre-
specified subgroups. The hazard of recurrent CVA was
higher in male (HR=2.69; 95% CI 1.67-4.32; P<0.01)
than in female children (HR=2.12; 95% CI 1.23-3.65;
P<0.01). Using age stratification, CVA in CHD patients
had the highest recurrent hazard ratio among those aged
1-3 years (HR=2.56; 95% CI 1.45-4.53; P <0.01). Chil-
dren with CHD who had an elevated eosinophil ratio
(HR=2.51; 95% CI 1.30—4.82, P<0.01) had a higher haz-
ard of recurrent CVA than those with a normal eosino-
phil ratio (HR=2.40; 95% CI 1.57-3.68; P<0.01), but
there was no significant interaction between the hazard
ratios of non-CHD versus CHD cohorts for risks of all-
cause mortality in relation to the hazard of recurrent
CVA (P for interaction > 0.05,see Fig. 3).

On the one hand, among the four subgroups stratified
by MP infection, the children with CHD and MP infec-
tion had the highest recurrence rate (?=0.001, log-rank
test, see Fig. 4). But there was no significant interaction
between CHD and MP infection in relation to the hazard
of recurrent CVA (P for interaction=0.512, see Fig. 3).
On the other hand, among the four subgroups composed
according to IgE sensitization, the hazard of recurrent
CVA in children with CHD along with IgE sensitization
was highest (P=0.000, log-rank test, see Fig. 5), but there
was no significant interaction between CHD and IgE sen-
sitization in relation to the hazard of recurrent CVA (P
for interaction =0.414, see Fig. 3).

Variables Univariate analysis Multivariate analysis
HR (95%Cl) Pvalue aHR (95%Cl) Pvalue

CHD
CCHD 3.237(1.655-6.331) 0.001 3.281 (1.648-6.530) 0.001
SCHD 2.293(1.575-3.339) 0.000 2.555(1.739-3.752) 0.000
No 1 1
Age (year) -

1-3 0.985 (0.652-1.488) 0.944 -

4-6 1.153 (0.739-1.797) 0.531 -

7-14 1 -
Male 1.132 (0.800-1.602) 0484 -
Family history of allergies 0.731(0.427-1.253) 0.254 -
Elevated eosinophil ratio 1.066 (0.736-1.544) 0.734 -
Mycoplasma pneumonia positive 2.557(1.770-3.694) 0.000 2.172(1.482-3.184) 0.000
sIgE sensitization 1.941 (1.324-2.845) 0.001 1.777 (1.188-2.657) 0.005
Standardized treatment 0.875(0.216-3.539) 0.851 -

aHR indicates multiple analysis, including CHD classification, MP infection and IgE sensitization

CHD congenital heart disease, CVA cough variant asthma, SCHD simple congenital heart disease, CCHD complex congenital heart disease, sIgE Serum-specific
immunoglobulin E, HR hazard ratio, aHR adjusted hazard ratio, MP mycoplasma pneumoniae
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non-CHD CHD
1-3 year |F——@—
4-6 year ———@——
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MP | —o—
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Hazard ratio (95%CI) P value of
interaction
2.56(1.45-4.53)
221(1.15-4.26) 0.883
2.43(1.28-4.59)
2.69(1.67-4.32)
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2.12(1.23-3.65)
2.51(1.30-4.82)
0.731
2.40(1.57-3.68)
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2.60( 1.67-4.06)
0414
3.11(1.61-6.01)
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Hazard ratio( 95%C1)

Abbreviations:CHD:congenital heart disease, CVA:cough variant asthma,sIgE:Serum-specific

immunoglobulin E,MP:Mycoplasma pneumoniae,CI:credibility interval

Figure 3 Hazard rations of non-CHD versus CHD cohorts on risks of all-cause mortality in the prespecified subgroups
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Abbreviations:CHD: congenital heart disease, MP:Mycoplasma pneumoniae
The cumulative incidence of asthma in the 4 subgroups stratified by Mycoplasma
pneumoniae, with the highest rates occurring in the children with M pneumoniae
infection and congenital heart disease (log-rank,p<0.01).
Figure 4 CVA recurrence rate within 12 months of CHD and MP
group, non-CHD and MP group, CHD and non-MP group and
non-CHD and non-MP group
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Abbreviations:CHD: congenital heart disease,IgE:immunoglobulin E

The cumulative incidence of asthma in the 4 subgroups stratified by immunoglobulin
E(IgE), with the highest rates occurring in the children with immunoglobulin E (IgE)
and congenital heart disease (log-rank,p<0.01).

Figure 5 CVA recurrence rate within 12 months of CHD and IgE
group, non-CHD and IgE group, CHD and non-IgE group, and
non-CHD and non-Igk group

Table 3 shows that the aHR of these CVA children
decreased from 1.852 (95% CI 1.246-2.751; P=0.001)
within six months to 0.691 (95% CI 0.088-5.404;
P=0.725).
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Table 3 aHR of CVA recurrence rate stratified by follow-up time between the non-CHD and the CHD cohort
Variables CHD Compared with non-CHD

No Yes
Follow-up time (month) Event % Event % aHR (95%Cl) Pvalue
<6 month 61/63 96.8 54/55 98.2 1.852 (1.246-2.751) 0.001
>6 month 14/71 19.7 1712 83 0.691 (0.088- 5.404) 0.725

aHR indicates multiple analysis,including CHD classification, MP infection and IgE sensitization

CHD congenital heart disease, CVA cough variant asthma, aHR adjusted hazard ratio, MP mycoplasma pneumoniae

Discussion

CVA is a particular form of asthma, having a close patho-
genesis to typical asthma. Asthma is a disease character-
ized by infiltration of the mucositis cells in the airway and
thickening of the subepithelial basement membrane in
the airway [5]. First, we found that those CVA patients
with CHD had a higher hazard of recurrence, and that
the recurrence hazard for children with CCHD was even
higher. We also found that IgE sensitization and MP
infection could increase the hazard of CVA recurrence.
The effect of CHD on CVA recurrence has hardly been
studied previously.

siveness in patients with atrial septal defects (ASD),
and it is suggested that airway hyperresponsiveness
may be a possible mechanism for recurrent attacks
of CVA. Unlike bronchial asthma, 11 asthma-like
symptoms associated with ASD are not necessar-
ily experienced every few hours or days, but can be
progressive [11]. This better understanding of ASD-
associated dyspnea could potentially prevent delays
to the treatment of unrepaired ASD. It may also
prevent a hazard of complications associated with
long-standing right ventricular volume overload and
delayed diagnosis of pulmonary function damage

It has been reported that the mechanism for CVA
caused by heart disease is bronchial vascular con-
gestion, resulting in bronchial oedema and thick-
ening [6]. In addition, it has been reported that left
ventricular dysfunction can lead to abnormal pul-
monary function, such as airway hyperresponsive-
ness or restrictive and obstructive dysfunction [7].
Highly reactive heart failure in patients is thought
to be caused by bronchiectasis and submucosal
oedema. The incidence of diastolic dysfunction asso-
ciated with obstruction was over four times higher
than that in the control group [8]. This is caused
by oxidative stress factors. Although according to
current understanding, volume overload in heart
disease may also be a cause of inflammation. This
additionally leads to airway remodeling [9]. In addi-
tion, children with CHD often have bronchial hyper-
responsiveness, and this, especially when there is
left-sided heart failure, can also damage the lungs.
It can lead to pulmonary vascular remodeling,
increased pulmonary vascular resistance, and alve-
olar wall thickening. To some extent, these changes
have a protective effect and can prevent pulmonary
oedema. Over a long period, however, they may lead
to pulmonary hypertension and affect lung function
[10].

It is generally believed that CHD is associated with
recurrent asthma attacks in children. For example,
there is a high prevalence of airway hyperrespon-

after long-term operation. In clinical follow-ups of
adult patients with ASD, symptoms and lung func-
tion should be monitored for a long time before and
after any operations [12]. Therefore, the effect of
CHD plays an important role in the recurrence of
CVA in children.

In addition, according to the complexity of cardiac mal-
formation, CHD can be divided into SCHD and CCHD.
CCHD was found to cause a higher hazard of recurrent
CVA than SCHD. Complex blood flow relationships may
lead to pulmonary vascular remodeling, an increase in
pulmonary vascular resistance and alveolar wall thicken-
ing, and pulmonary tracheal remodeling, thus increasing
the hazard of CVA recurrence. It has been reported that
in some heart defects, especially in the left to right shunt,
reversible airway obstruction may be caused by abnormal
or dilated vascular anatomical compression due to miss-
ing pulmonary valves, vascular rings, or pulmonary slings
[13].

The second important finding of this study was that
children with IgE sensitization had an increased recur-
rence rate of CVA. Ciprandi et al. found that allergic
children who identified with a positive skin prick test
or history of allergic diseases had more frequent and
severe respiratory tract infections than non-allergic
children [14]. The underlying mechanism for the posi-
tive association between IgE sensitivity and pneumonia
is still unclear. It may involve a reduction in the Type 1
helper cell (T,1) response in IgE sensitized patients,
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which may be important for the prevention of infections
and mucositis, and may also involve a reduced defense
against infectious factors associated with general allergic
diseases, such as atopic dermatitis [15]. This suggests that
IgE sensitization may not have a causal relationship with
susceptibility to infection, but that IgE sensitization and
infection share a common pathway, or that people who
are more susceptible to infection may develop atopic dis-
eases more frequently while maintaining a tendency to
infection.

In this study, children with MP infection had a higher
hazard of recurrent CVA. Relevant research results
abroad have shown that MP infection can induce CVA,
and MP is considered one of the pathogenic factors for
the acute onset, difficult remission, and deterioration of
CVA. However, there is no unified theory on the induc-
tion mechanism. Some scholars believe that because MP
infection is a specific antigen, it can lead to IgE-mediated
airway inflammation and airway hyperreactivity through
delayed allergic reaction and immediate allergic reaction
or high interference and disorder on T-lymphocyte sub-
sets, and finally lead to CVA [16]. Infants with MP infec-
tion, particularly with IgE sensitization during infancy,
had the highest hazard [17]. Therefore, MP infection may
aggravate the recurrence of CVA.

During the one-year follow-up period, the hazard
of recurrent CVA in children with CHD was highest in
the first six months, while the aHR decreased after six
months. This indicated that time-dependent influencing
factors were excluded in this study, and that CHD was a
high-hazard factor for CVA recurrence within the first
six months.

Limitations

There are several limitations to this study. First, children
younger than one years old were not included in the
study. The aim in the future is to study children with CVA
from this age group. Second, as this was a single-center
study, the result may have been influenced by unpredict-
able factors. Third, due to the small number of cases, this
study could not analyze the impact of each type of CHD
on the recurrence of CVA. At the same time, no compari-
son exists between the influence of pre- and post-opera-
tive CHD on CVA recurrence. The number of cases will
be increased in future studies to complete the picture.

Conclusion

In a prospective cohort study of 201 children with CVA,
we found a significantly increased hazard of recurrent
CVA in children with CHD, especially in CCHD children.
In addition, the hazard of recurrent CVA can increase
for children with IgE sensitization or MP infection. Cli-
nicians at outpatient clinics need to be aware of this
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association and thus pay more attention to the hazard of
recurrent CVA in children with CHD.
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