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Abstract

Objective: A national lockdown was implemented in Israel to slow the viral spread of

COVID‐19. We assessed the real‐time effects of the lockdown on disease expression and

lifestyle modifications in pediatric patients with chronic respiratory disorders.

Methods: An anonymous electronic questionnaire was distributed during lockdown

(March–May 2020) to caregivers of patients with chronic respiratory disorders. The

primary outcome was change in disease expression and the secondary outcomes

were changes in lifestyle and caregivers’ emotional status.

Results: The clinical status of one‐third of the 445 participating patients (age 0–18 years)

reportedly improved, including decreased respiratory symptoms (n=133, 33%), exacer-

bation frequency (n=147, 35%), and use of reliever medications (n=101, 27.4%). The

condition of ~10% of the patients worsened. Clinical improvement was noted mostly in

young patients <5 years (p= .001), asthmatic patients (p= .033), and patients with mul-

tiple underlying respiratory disorders (p= .015). Patients whose condition significantly

worsened were more likely to be >5 years (p< .001), had increased screen time, de-

creased physical activity, and shorter sleep duration compared to their younger coun-

terparts (p= .008, <.001, and .001, respectively). Caregivers’ reports (n=236 [58%]) of

their own anxiety levels and perceptions of the patients’ elevated health risk were

increased, regardless of the children's actual clinical status.

Conclusion: COVID‐19 lockdown was associated with clinical improvement/stability

for most of the surveyed children; however, their caregivers' anxiety level was

heightened. An increased sedentary lifestyle was reported mostly in older children.
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1 | INTRODUCTION

On December 31, 2019, the Wuhan Municipal Health Commission in

Wuhan City, China reported a cluster of 27 pneumonia cases of

unknown etiology.1 The virus was soon identified as a novel virus and

named severe acute respiratory syndrome coronavirus 2 (SARS‐CoV‐
2) due to its resemblance to SARS‐CoV.2 The World Health Orga-

nization (WHO) called it coronavirus disease 2019 (COVID‐19),3

defining it as a pandemic by March 11, 2020, due to the massive

global spread.4 The rapid global rise of confirmed cases necessitated
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Health Organization.
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drastic measures to slow the spread of the virus, with the focus on

“social distancing.” This measure is designed to reduce interactions

between people in a broader community in which individuals may be

infectious but have not yet been identified.5

In Israel, air trafficking restrictions and requirements for quarantine

were applied toward the beginning of February, 2020,6 ultimately leading

to the closure of all educational institutions on March 15, 2020,7 a move

that affected more than 2.6 million students from preschoolers (3 years

of age) to university students.8 Workplaces were closed soon afterward.

Israel's population was restricted to lockdown for approximately

2 months, with a step‐down release of restrictions.9 Education systems

re‐opened gradually from May 3, 2020.10

Although these measures and efforts are necessary, there is a lack of

data on their impact on the physical and mental health of children. When

children are out of school, they are physically less active,11 experience

shorter sleep durations,12 and have much longer screen time. These se-

dentary lifestyle behaviors are also correlated to consumption of un-

favorable diets,13 resulting in weight gain and loss of cardiorespiratory

fitness.14 Such negative effects on health are likely to be worsened when

children are confined to their homes without outdoor activities and in-

teraction with peers during an outbreak.15 Even fewer data are available

with regard to the impact of COVID‐19‐related social restrictions on

children with a chronic respiratory disorder.

The aim of the present study was to examine the real‐time ef-

fects of the COVID‐19 lockdown on disease expression in pediatric

patients with a chronic respiratory disorder. In addition, we ex-

amined adherence to routine medical treatment, lifestyle changes,

caregivers' emotional status, and utility of medical services during

the lockdown.

2 | METHODS

2.1 | Subjects

Included were children and adolescents from the Pediatric Pulmo-

nology Unit at the Dana‐Dwek Children's Hospital, Tel Aviv Sourasky

Medical Center with any one of various chronic respiratory

disorders.

Questionnaires were answered by the caregivers of these chil-

dren (hereafter referred to as patients). This study was approved by

the local ethics committee (TLV‐0222‐20).
Those for who there was some technical inability of the care-

givers to fill in the questionnaires were excluded.

Informed consent was obtained by the participant's agreement

to enter the website and their willingness to fill in the online

questionnaire.

2.2 | Data collection

Anonymous electronic questionnaires were distributed directly to

caregivers of our patients during the lockdown between March and

May 2020 by short message services (Supporting Information, Ap-

pendix A—questionnaire). The information that was extracted from

the questionnaires included the following; age, sex, respiratory dis-

order (e.g., asthma, bronchiectasis, etc.), comorbidities (e.g., sequelae

of prematurity, allergy, atopic dermatitis [AD], etc.), routine medical

treatment (e.g., inhaled corticosteroids (ICS), long‐ or short‐acting
bronchodilators (BD), etc.), prior hospitalizations due to respiratory

conditions, pulmonologist follow‐up visits frequency during the last

1 year. The caregivers' perspectives of changes in clinical status

during the lockdown (improved, unchanged, or worsened) were de-

termined by three questions: (1) respiratory symptoms (e.g., cough,

rhinorrhea, shortness of breath, etc.); (2) frequency of exacerbation

of respiratory symptoms, and (3) use of reliever medications (e.g.,

inhaled BD). Changes in adherence to routine treatment and rate of

utilization of medical services (decreased, unchanged, or increased),

as well as caregiver anxiety levels and perception of an elevated risk

for their child, were also evaluated. Additional variables included

number of residents in the home, adherence to lockdown (not at all,

minimally, satisfactorily, and entirely), and lifestyle changes, including

the amount of leisure screen time, physical activity, diet, and sleep

duration. The primary outcome was change in the patients’ disease

expression during the lockdown, and the secondary outcomes were

changes in the caregivers’ emotional status and in the patients’

lifestyle.

2.3 | Statistical analyses

The patients’ demographics were assessed with descriptive statistics.

Pearson's Χ2 test or Fisher's exact test was performed to assess

associations between changes in clinical status during lockdown,

lockdown variables, and caregiver's perspective. Continuous vari-

ables are displayed as means (standard deviation [SD]), and the re-

sults were compared by a Student's t‐test. Statistical analysis was

performed with IBM SPSS statistics 25.

3 | RESULTS

A total of 445 caregivers completed the questionnaire (response

rate: 32%). The mean (±SD) age of patients was 6.2 years (4.7) with a

range of 0–18 years. Patients included 276 (62%) males and

169 (38%) females. Most of the patients (n = 368, 82%) had a single

respiratory disorder, the most common of which were asthma

(291, 65%), recurrent pneumonia (n = 96, 21.5%), followed by

bronchopulmonary dysplasia (BPD; n = 32, 7.2%).

More preschool patients (younger than 5 years of age) had BPD

(77.4% vs. 22.6% p = .002) and recurrent pneumonia (65.6% vs.

33.4% p = .001) compared to older patients, whereas respiratory

manifestations of neuromuscular disease were more prevalent in

patients older than 5 years (71.4% vs. 28.6% p = .016). There was no

age difference in the prevalence of asthma. Comorbidities were re-

ported in 234 (52.5%) patients, the most common of which were
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allergic disorders (e.g., allergic rhinitis, allergic conjunctivitis, aero-

allergens sensitivity, and food allergies) and AD with a similar pre-

valence (n = 69, 15.5% and n = 70, 15.7% respectively),

developmental delay (n = 60, 13.5%), and sequelae of prematurity

(n = 54, 12%).

Routine medical treatment was prescribed for 283 (63.5%) pa-

tients. ICS (n = 217, 48.7%), short‐ or long‐acting BD (n = 138, 31%),

and Montelukast (n = 46, 10.3%) were the most prevalent medica-

tions. Routine pulmonologist follow‐up visits in the last year were

reported for 358 (80.3%) patients, and prior hospitalizations due to

respiratory disorders for 202 (45.5%) patients (of which, about one

half had a single hospitalization). The background characteristics of

patients are listed in Table 1.

Almost all (98%) of the caregivers reported high adherence to

lockdown policies (satisfactorily, n = 109 [24%] patients and entirely,

n = 331 [74%] patients). More than one‐third of the study population

lived in 4‐person households (n = 167, 37.4%), and the rest consisted

of ≤3‐ or ≥5‐person households (n = 105, 23.5% and n = 174, 39%

respectively).

Screen time during the lockdown increased among 344 of the

responders (79.3%) and decreased in only 7 (1.6%). Physical activity

decreased in 236 (53.9%) patients and sleep duration decreased in

155 (35%) patients. Healthier eating habits were reported for 143

(32.6%) patients and less healthy eating habits were reported for 73

(16.6%) patients.

Selected lockdown variables are listed in Table 2.

About one‐third of the caregivers reported improvement in the

patients’ clinical status as assessed by frequency of respiratory

symptoms, frequency of respiratory exacerbations, and use of re-

liever medications (n = 133, 33%, n = 147, 35.5%, and n = 101, 27.4%

patients, respectively). Worsening of those three parameters was

reported in only 42 (10.4%), 35 (8.5%), and 45 (12.2%) patients, re-

spectively. The respiratory condition of most of the patients re-

mained stable (unchanged; Tables 3 and 4).

Cofactors that were associated with improved clinical status

were younger age <5 years (p = .001), diagnosis of asthma (p = .033),

asthma with allergy (p = .044), presence of multiple respiratory dis-

orders (p = .015), and entire adherence to lockdown (p = .005). The

number of residents living at home, comorbidities, compliance to

routine treatment, frequency of pulmonologist follow‐up visits, and

the number of prior hospitalizations were not associated with

changes in clinical status during the lockdown. Worsening of the

clinical status during the lockdown was more prominent in patients

>5 years of age (p < .001). Compared to their younger counterparts,

these older patients also experienced increased screen time, de-

creased physical activity, and shorter sleep duration (p = .008, <.001,

and <.001, respectively). Most of the caregivers reported similar

degrees of adherence to routine medical treatment as in ordinary

times (n = 238, 71%), while 67 (20.1%) caregivers reported increased

adherence and 29 (8.7%) reported decreased adherence. The care-

givers reported increased adherence for patients who had asthma

(p = .043) or asthma and allergy (p = .04), and who were treated

routinely with ICS (p = .003) or Montelukast (p = .027). Decreased

adherence was recorded for the patients who had comorbid-

ities (p = .039).

Adherence was significantly correlated with increased anxiety

(p = .024), but not with clinical improvement or increased medical

services utilization.

The caregivers’ anxiety levels and perception of risk for their

child's (patient's) health were increased in 236 (58%) and 300

(72.8%) caregivers, respectively. Only 30 (7.4%) and 17 (4.1%)

caregivers reported being less anxious and concerned, respectively.

Caregivers reported themselves as being more anxious and/or per-

ceiving an increased risk for the patients when additional variables

were present, including sequelae of prematurity (p = .021), BPD

(p = .049), frequent pulmonologist follow‐up visits (p = .002), prior

hospitalizations (p = .006), and routine medical treatment (p = .031),

and when more than one underlying respiratory disorder was pre-

sent (p < .001).

The utilization of medical services during the lockdown was in-

creased in 88 (25.7%) patients and decreased in 57 (16.7%). Means of

medical services utilizations included phone (118, 26.5%), on‐line
consultations (52, 11.5%), e‐mail (31, 7%), primary care checkup (19,

4.3%) and emergency room visits (13, 2.9%). Hospitalization was

required for four (0.9%) patients. There was increased utilization of

medical services by caregivers who felt more anxious during the

lockdown compared to those who did not feel more anxious (by

telephone p < .001 or by online services p = .024). The caregivers’

perspectives and adherence to routine treatment during the lock-

down are listed in Table 5.

4 | DISCUSSION

Enforcement of lockdown was shown to be an effective measure to

reduce SARS‐CoV‐2 transmission.16,17 The effects of the lockdown in

the pediatric population are just now emerging, but little is known

about its effects on children with chronic respiratory diseases.18 We

conducted this survey to provide more real‐time information on

these issues.

The results of this study showed that COVID‐19 lockdown was

associated with significant clinical improvement in about one‐third of

our studied children with a respiratory disorder. The caregivers' level

of anxiety and perceived increased risk for the patients' health was

significantly higher, as were lifestyle changes for the worse among

the older patients.

The clinical improvement shown in our study, mainly in the

asthmatic patients, may have resulted from two key factors: fewer

exposure variables and increased adherence to routine treatment.

Exposure to pathogens and inhaled irritants is a common cause of

morbidity in people with respiratory diseases.19,20 One of the most

common triggers for exacerbations in asthma is viral respiratory

diseases19,21; thus, the limitation of any viral spread caused by a

lockdown might have played a major role. Furthermore, the fact that

clinical improvement was more pronounced in children <5 years,

emphasizes, decreased pathogenic exposure due to lack of close
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TABLE 1 Background characteristics
of the study patients (n = 445)Characteristic n (%)

Patients < 5

years,a n (%)

Patients > 5

years,a n (%)

Sex

Male 276 (62) 127 (59.1) 140 (66.4)

Female 169 (38) 88 (40.9) 71 (33.6)

Underlying respiratory disorder

Asthma 290 (65) 132 (61.4) 147 (69.7)

Male Female 195 (67.2) 95 (32.8)

Recurrent pneumonia 96 (21.5) 59 (65.6) 31 (34.4)

BPD 32 (7.2) 24 (77.4) 7 (22.6)

Otherb 44 (9.9) 12 (5.6) 12 (5.6)

Respiratory manifestations

of NMD

30 (6.7) 8 (3.7) 20 (9.5)

BE/BO 24 (5.4) 13 (6) 9 (4.3)

Chronic cough 12 (2.7) 5 (2.3) 6 (2.8)

Perinatal respiratory morbidityc 6 (1.3) 6 (2.8) 0 (0)

Comorbidities 234 (52.5) 118 (57.3) 88 (42.7)

Allergyd 69 (15.5) 13 (20.6) 50 (79.3)

AD 70 (15.7) 26 (40) 40 (60)

Developmental delay and

neurological morbiditye
60 (13.5) 31 (54.4) 26 (45.6)

Prematurity 54 (12) 39 (72.2) 15 (27.8)

GI disordersf 21 (4.7) 7 (33.3) 14 (66.7)

Cardiovascular disordersg 12 (2.7) 6 (50) 6 (50)

Miscellaneous disordersh 12 (2.7) 6 (33.3) 14 (66.7)

Routine medical treatment 283 (63.5) 78 (50.3) 77 (49.7)

ICS 217 (48.7) 115 (55.3) 93 (44.7)

Long‐ or short‐acting BD 138 (31) 73 (55.3) 59 (44.7)

Montelukast 46 (10.3) 28 (62.2) 17 (37.8)

CPT 44 (10) 11(26.8) 30 (73.2)

Anti‐allergic medicationsi 26 (5.8) 5 (19.2) 21 (80.8)

Prophylactic ABX 22 (5) 8 (38.1) 13 (61.9)

Pulmonologist follow‐up visits in

the last year

358 (80.3) 180 (51.6) 169 (48.4)

1–2 171 (47) 74 (44.6) 92 (55.4)

3–4 132 (36.5) 65 (51.6) 61 (48.4)

5–6 60 (16.5) 41 (71.9) 16 (28.1)

Prior hospitalizations 202 (45.5) 106 (58.9) 74 (41.1)

1 98 (51.3) 54 (58.1) 39 (41.9)

2 43 (22.5) 23 (56.1) 18 (43.9)

3 24 (12.6) 13 (56.5) 10 (43.5)

≥4 26 (13.6) 16 (69.6) 7 (30.4)

Abbreviations: AD, atopic dermatitis; ABX, antibiotics; BD, bronchodilators; BE, bronchiectasis; BO,

bronchiolitis obliterans; BPD, bronchopulmonary dysplasia; CPT, chest physiotherapy; GI,

gastrointestinal; ICS, inhaled corticosteroids; NMD, neuromuscular disorder.
aFor 20 patients, the correct birth date was not available; therefore, they were excluded from analysis.
bOther—primary ciliary dyskinesis, neuroendocrine hyperplasia of infancy, pneumothorax, and

atelectasis.
cPerinatal respiratory morbidity—pneumothorax and laryngomalacia.
dAllergy—allergic rhinitis, allergic conjunctivitis, aeroallergens sensitivity, and food allergies.
eNeurological disorders—attention deficit disorder and trisomy.
fGI disorders—celiac disease, inflammatory bowel disease, and failure to thrive.
gCardiovascular disorders—congenital heart disease.
hMiscellaneous disorders—familial Mediterranean fever and thalassemia.
iAnti‐allergic medications—antihistamines and intranasal steroids.
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contact, as a major factor for clinical improvement seen in our study.

Another well‐known trigger for asthma exacerbation is air pollu-

tion.22,23 During the COVID‐19 lockdown in Israel, as in many parts

of the world, there was a reduction in air pollution, mostly with

regard to NO2 emission, which might be related to slowing down of

factories activity and drop of transport utilities, which would serve

to at least partially explain the clinical improvement in our

cohort.18,24,25

Another potential parameter for respiratory disease exacerbation

is aeroallergen exposure. The COVID‐19 pandemic emerged in Israel

in early spring, a time period characterized by increased exposure to

aeroallergens, a risk factor for allergic asthma exacerbations.26,27

Avoidance of outdoor activities might explain the beneficial effect

observed in asthmatic patients with allergies in our cohort. The clinical

improvement documented among our patients supports the findings

reported by Krivec et al.18 from Slovenia, who described a >70% de-

crease in pediatric asthma admission rates and a >50% decrease in

respiratory tract infection admissions in the months of March and

April 2020, compared to the same period in previous 3 years. Of

interest and similar to the data observed in Israel,25 there was also a

substantial air quality improvement in Slovenia at that time.18

As younger, pre‐school children were more likely to improve in

our cohort, we may assume that reduced viral exposure played a

greater role in clinical improvement than exposure to aero‐allergens.
Adherence to treatment is known as being another major factor in

controlling respiratory diseases.28 The COVID‐19 lockdown in our

study population was associated with increased adherence to routine

treatment. More parental time with the patients due to home-

schooling and working from home may be responsible for the in-

creased adherence. Telemedicine may be another potential factor for

increased adherence to treatment,29 yet current evidence supporting

its effect on adherence, especially in asthmatic children, are con-

flicting.30 Improved adherence during the COVID‐19 pandemic has

already been reported in adults with asthma and chronic obstructive

pulmonary disease.31

In our study, factors that were correlated with clinical im-

provement were younger age, presence of asthma, and allergy.

Reduced exposure to pollutants inhaled irritants and pathogens

could have been especially beneficial for them. Moreover, since many

of the caregivers reported maintaining the lockdown to the max-

imum, there was little exposure if any. Patients who improved were

also likely to suffer from more than a single respiratory disorder.

These patients often need several supporting treatments and medi-

cations, therefore a tighter adherence to treatments would have

clearly benefited them.

A recent opinion study by Gupta et al.32 has suggested that huge

reductions in asthma attacks during the lockdown are probably the

result of behavioral changes. Those authors mention several lessons

to be implemented for future asthma management in general, such as

more rigorous prevention of viral transmission among children, ef-

forts to reduce global air pollution, and increased emphasis on tel-

emedicine monitoring. Our study lends strong support to these ideas.

The minority of patients in our study whose condition worsened

during the lockdown were more likely to be older children. They also

were the ones who reported a more sedentary lifestyle, including

increased screen time, decreased physical activity, and decreased

sleep duration. The associations between obesity, nutritional chan-

ges, sedentary lifestyle and the development of asthmatic symptoms

as well as poor asthma control are well known,33,34 and such changes

in lifestyle during COVID‐19 are emerging.35 Our study also showed

worrisome numbers of caregivers with heightened anxiety and in-

creased concern for their child's health. These findings were not

dependent upon the level of stability or improvement in clinical

status that had been found in the majority of our patients. Incre-

ments in anxiety and risk perception were significantly greater in the

caregivers of premature infants, children with BPD or multiple re-

spiratory disorders, and those who had a history of hospitalizations.

The greater the anxiety, the greater was the utilization of the med-

ical services. Even in non‐pandemic conditions, numerous studies

have described increased caregiver anxiety in conditions such as

asthma,36 cystic fibrosis (CF),37 prematurity, and BPD,38,39 as well as

in situations where hospitalization due to respiratory illness is re-

quired.40 Adding a complex, unknown situation of a global pandemic

to these conditions may impose a profound effect on caregivers.

TABLE 2 Lockdown variables
Variable Increased, n (%) Unchanged, n (%) Decreased, n (%)

Screen time 344 (79.3) 83 (19.1) 7 (1.6)

Physical activity 85 (19.4) 117 (26.7) 236 (53.9)

Sleep duration 59 (13.4) 227 (51.1) 155 (35.1)

Healthier eating habits 143 (32.6) 227 (50.8) 73 (16.6)

TABLE 3 Description of clinical status
during lockdown

Variable Improved, n (%) Unchanged, n (%) Worsened, n (%)

Respiratory symptoms 133 (29.8) 228 (51.1) 42 (10.4)

Exacerbation frequency (stability) 147 (35.5) 232 (56) 35 (8.5)

Need for reliever medications 101 (27.4) 222 (49.8) 45 (12.2)
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Evidence of the psychological implications of the COVID‐19 pan-

demic in both children and caregivers are emerging. Xie et al.41 re-

ported depressive and anxiety symptoms in about 20% of

1784 students in Hubei province. Sismanlar Eyuboglu et al.42 re-

ported increased anxiety levels among mothers in children with CF,

which were similar to those of mothers of healthy children during the

COVID‐19 pandemic, further supporting our study results that the

actual clinical status of patients did not alter the psychosocial impact

of the pandemic on their caregivers.

Some limitations to our study bear to be mentioned. Although

questionnaires were delivered in “real‐time” during the lockdown,

the clinical, psychological, and lifestyle implications of confinement

were subjectively assessed by caregivers. The interpretation of these

findings may be limited due to several factors, including lack of

employment of validated psychosocial questionnaires (e.g., anxiety

and/or depression scales), absence of objective measurements of

treatment adherence (e.g., prescription refilling), and lack of inquiry

regarding COVID‐19 status during the lockdown.

It is possible that future lockdowns might be needed in the ab-

sence of definitive treatment or vaccination for COVID‐19. Our

study results can lead to a more focused approach for children with

chronic respiratory disorders and their caregivers during pandemics,

including encouraging a healthier lifestyle among children and ado-

lescents during lockdowns, innovative physician‐guided therapy, and

help for patients and caregivers coping with anxiety.
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TABLE 5 Caregiver perspectives and adherence to routine
treatment

Variable

Increased,

n (%)

Unchanged,

n (%)

Decreased,

n (%)

Anxiety 236 (58) 141 (34.6) 30 (7.4)

Risk perception 300 (72.8) 95 (23.1) 17 (4.1)

Adherence to

routine

treatment

67 (20.1) 238 (71.3) 29 (8.7)
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