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INTRODUCTION 

Asthma is a disease that has become increasingly 

common over the last century making it now one of the 

commonest chronic disorders in the world which has 

affected estimated 300 million individuals worldwide, 

with an expected increase to 400 million worldwide by 

2025. Annually, the World Health Organization (WHO) 

has estimated that 15 million disability-adjusted life- 

years are lost and 250,000 asthma deaths are reported 

worldwide.1-3 The magnitude of the impacts of asthma in 

children is illustrated by the fact that asthma accounts for 

more hospitalizations in children than any other chronic 

illness.4 The magnitude of the impacts of asthma in 

children is illustrated by the fact that asthma accounts for 

more hospitalizations in children than any other chronic 

illness.4 Main features of Asthma are diffuse obstruction 

at terminal bronchioles as a result of hyper reactivity or 

bronchial hyper responsiveness (BHR) of airways to a 

variety of stimuli and high degree of reversibility either 

spontaneous or as a result of treatment.5,6 Common risk 

factors for asthma symptoms includes exposure to 

allergens occupational irritants, tobacco smoke, 

respiratory infections, exercise, strong emotional 
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expressions, sudden weather change, chemical irritants 

and drugs.3 

Clinical manifestations of asthma are intermittent, dry 

coughing, expiratory wheezing, chest tightness, and 

dyspnea are commonly provoked by physical exertion 

and airway irritants (e.g. cold and dry air, environmental 

and tobacco smoke).5 

Asthma exacerbations for prolonged periods (i.e. from 

days to weeks) are induced by common respiratory viral 

infections and by inhalant allergen exposure in sensitized 

asthmatics, characteristically worse at night and can 

progress to severe airflow obstruction, shortness of 

breath, and respiratory distress and insufficiency. Rarely, 

severe squeal such as hypoxic seizures, respiratory 

failure, and death can occur.7,8 

Historically, the clinical diagnosis of asthma in adults has 

been based on a history of wheezing, cough and 

breathlessness and supported by the presence of variable 

airflow obstruction9. Peak flow variability and bronchial 

hyper responsiveness (BHR) measurements are widely 

accepted as markers for asthma, but their contribution to 

the diagnosis controversial 10 and diagnostic profiles of 

BHR are extremely variable.11 

Childhood wheezing illness commonly present as 

phenotypes with similar symptoms (wheeze, cough, 

difficulty in breathing) but with different underlying 

causes, prognosis and response to therapy.12 

Less than half of young children who wheeze go on to 

develop classical atopic asthma and in the under 2-year-

olds it is difficult to diagnose asthma with certainly. In 

preschool children, the diagnosis is often made on 

reported symptoms only, without any objective testing. 

The meaning of terms such as wheeze is not well 

understood by many parents. The reported presence of 

‘wheeze’, however, is used by doctors and in 

questionnaires to diagnose and estimate the prevalence of 

asthma in the community which leads to both over-

diagnosis and under-diagnosis of asthma. One of the most 

common challenges bin diagnosing asthma is to 

distinguish it from isolated cough.13,14 Simple and 

objective tests that could help inform the diagnosis of 

asthma, especially by the nonspecialist are needed. 

Measurements of lung function provides an assessment of 

the severity, reversibility and variability of airflow 

limitation and help confirm the diagnosis of asthma.15 

Pulmonary function testing includes spirometry, peak 

expiratory flow monitoring exercise induced 

bronchospam and measurement of ENO (Exhaled No-

FEno). 

Though spirometry does not measure the individual lung 

volumes, it measures the forced vital capacity (FVC), 

which is a combination of tidal volume (TV) expiratory 

reserve volume (ERV) and inspiratory reserve volume 

(IRV). The other indices like forced expiratory volume in 

one second (FEV1), the ratio of FEV1 with FVC 

(FEV1/FVC), forced expiratory flow 25% to 75% of 

forced vital capacity (FEF 25%-75%) are measured from 

FVC. The spirometer cannot measure functional residual 

capacity (FRC) or total lung capacity (TLC) but these 

parameters are not important in routine assessment of 

common lung problems. Baseline spirometric values 

depend on various factors like race, sex, age, etc. The 

standing height is a satisfactory predictor of lung 

function.16 

Spirometry, the most widely available lung function test, 

measures the volume of air expired during a maximal 

expiratory effort. The forced vital capacity (FVC) is the 

total amount of air exhaled following a maximal 

inspiration. The forced expiratory volume timed (FEVt) is 

the volume of air forcefully exhaled after a given time, t. 

For accurate results, the maximal inhalation should be 

close to total lung capacity, followed by a rapid rise to 

peak flow on exhalation; there should be a maximal 

forced effort throughout expiration down to or close to 

residual volume.17 

Despite the importance of spirometry, studies suggest that 

children with asthma infrequently receive such testing. 

Although specialists, compared with primary care 

physicians, are more likely to refer patients for such 

testing.9 

Spirometric lung function tests are playing a key role in 

the diagnosis and management of asthma in children.18 

Normal lung function is one of the goal of asthma 

management in international guidelines.19,20  

Furthermore, the long term cohort studies have 

established that lung function test results in children with 

asthma are correlated with asthma severity and with lung 

function impairment in adulthood.21 There is evidence 

that spirometric measurement of lung function including 

FEVI, FVC, FEVI/FVC and PEFR are decreased in 

asthmatic children than those of the apparently healthy 

children.22 

The successful management of asthma requires grading 

the severity of the disease according to the frequency and 

severity of symptoms and functional impairment.2 The 

NAEPP (NATIONAL Asthma Education and Prevention 

Programme) offers a stepwise approach to management 

based on asthma severity categorized as mild intermittent, 

mild persistent, moderate persistent, severe persistent 

asthma.1 

Considering the usefulness of spirometer in the diagnosis 

of asthma and scarcity of the literature regarding the role 

of spirometer in the diagnosis of Asthma especially in 

Indian context, the present study was undertaken to 

assess pulmonary function test changes in asthmatic child 

using spirometry and its diagnostic and prognostic value. 

The objectives of the study, to assess pulmonary function 
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test changes in asthmatic child using spirometry and its 

diagnostic and prognostic value. 

METHODS 

The present study was conducted at Department of 

Paediatrics, Ashwini Rural Medical College, Hospital and 

Research Centre, Kumbhari during the study period of 

2015 to 2016. Children presenting symptoms suggestive 

of asthma were included in the study. 

Selection Criteria 

Inclusion Criteria  

Children presenting with signs and symptoms of asthma, 

both sex and children aged between 5 to 12 years. 

Exclusion criteria 

History of pneumonia, Congenital heart disease, Acute 

exacerbation of asthma, Patients with oral steroids, 

Hospitalization during last four weeks were excluded 

from the study. 

Ethical clearance was obtained for the study and children 

fulfilling the selection criteria were selected and their 

next of kin or legal guardians were briefed about the 

nature of the study and a written informed consent was 

obtained from the selected patients. 

Data collection procedure 

Demographic characteristics such as sex and age were 

recorded. Further they were interviewed for the history 

and symptoms.  

Following the interview the children were subjected to 

the through clinical examination for vitals, anthropometry 

and clinical signs. These findings were recorded on a 

predesigned and pretested proforma. 

Investigations 

The selected children underwent investigations such as 

complete blood count (CBC) and erothrocyte 

sedimentation rate (ESR). Imaging studies such as chest 

X-ray was done to rule out the presence of tuberculosis. 

Procedure 

Based on the history, presenting signs and symptoms and 

clinical examination finding the diagnosis of asthma was 

confirmed. The severity of the asthma was assessed by 

symptom severity that is, duration of symptoms (day and 

night symptoms), interference with normal activity and 

number of exacerbations per year based on National 

Asthma Education and Prevention Programme 

guidelines.23 

Further these children were subjected to pulmonary 

function test changes using spirometer. FEVI, FEVI/FVC 

ratio and PEFR were recorded. Based on these variables 

the severity of the asthma was assessed. 

Statistical analysis 

The data obtained was coded and entered into Microsoft 

Excel spreadsheet. The categorized data was expressed as 

rates, ratios and percentages. Continuous data was 

expressed as mean ± standard deviation (SD). Percentage 

agreement was used to find the difference between 

clinical and spirometry diagnosis of asthma. 

RESULTS 

The present study was conducted Department of 

Paediatrics, Ashwini Rural Medical College, Hospital and 

Research Centre, Kumbhari during the study period of 

2015 to 2016. A total of 100 children presenting 

symptoms suggestive of asthma were included in the 

study. Majority of the children were belonging to age 8 

years. The mean age was 7.35 ± 1.43 years and presented 

in (Table 1). Boys and girls contributed almost equal in 

the present study (Table 2). 

Table 1: Age distribution. 

Age group (year) Number Percentage 

5 11 11 

6 22 22 

7 15 15 

8 30 30 

9 18 18 

10 3 3 

11 1 1 

Total 100 100 

Table 2: Sex distribution. 

Sex Number Percentage 

Boy 49 49 

Girl 51 51 

Total 100 100 

Table 3: Clinical presentation. 

Clinical signs Number Percentage 

Cough 100 100 

Breathing difficulty 100 100 

Chest tightness 23 23 

Fever 11 11 

Recurrent wheeze 100 100 

In the present study, the commonest presentations 

included cough, breathing difficulty and recurrent wheeze 

in all the children (100%) followed by chest tightness 

(23%) and fever (11%) presented in (Table 3). In the 
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present study, most of the children (35%) presented with 

two daytime symptoms followed by one symptom (33%) 

and seven symptoms (32%). For nighttime symptoms, 

among 35% of children, three nighttime symptoms per 

months were recorded whereas one nighttime symptom 

per months was present in 34% of children. Frequency of 

symptoms was high in 6% children (Table 4). 

Table 4: Symptoms. 

Symptoms Number Percentage 

Daytime     

1 33 33 

2 35 35 

7 32 32 

Night time     

1 per night 1 1 

1 per week 34 34 

2 per week 18 18 

2 per month 6 6 

3 per month 35 35 

Frequently 6 6 

In the present study, 5% of the children reported 

extremely limited normal activity. However, children 

36%, 35% and 24% children reported no limitation, 

minor limitation and some limitation respectively (Table 

5). 

Table 5: Interference with normal activity. 

Interference Number Percentage 

Extremely limited 5 5 

Some limitation 24 24 

Minor limitation 35 35 

None 36 36 36 

In the present study, 38% children were clinically 

diagnosed with mild persistent asthma and 23% with 

moderate persistent asthma. Severe persistent and 

intermittent asthma was diagnosed among 8% and 31% 

of children respectively (Table 6).  

In the present study on the spirometry, 69% children had 

FEV1 more than 80% and 25% children had FEV1 

between 60 to 80%. However, 6% children had FEV1 

less than 60%. In the present study, 48% children showed 

the FEV1/FVC with more than 85% whereas 22% 

children had between 81 to 85%. And 21% children had 

75 to 80%. In 9% children, the FEV1/FVC was less than 

75% (Table 7). 

Table 6: Clinical diagnosis. 

Diagnosis Number Percentage 

Mild persistent 38 38 

Moderate persistent 23 23 

Severe persistent 8 8 

Intermittent 31 31 

Table 7: Pulmonary function parameters. 

Parameters Number Percentage 

FEV1 (%)   

> 80 69 69 

60 - 80 25 25 

< 60 6 6 

FEV1 / FVC (%)   

> 85 48 48 

81 - 85 22 22 

75 - 80 21 21 

< 75 9 9 

 

Table 8: Diagnosis based on spirometry. 

Diagnosis Number Percentage 

Mild persistent 37 37 

Moderate persistent 23 23 

Severe persistent 6 6 

Intermittent 34 34 

 

Table 9: Correlation of clinical and spirometry diagnosis. 

Diagnosis 
Total 

cases 

Clinical diagnosis 
Spirometry 

diagnosis 

Clinical differential 

diagnosis 
Positive correlation 

No. % No. % No. % No. % 

Mild persistent 37 38 38 37 38 1 2.70 36 97.30 

Moderate 

persistent 
23 23 23 23 23 0 0 23 100 

Severe persistent 6 8 8 6 6 2 33.33 6 76.77 

Intermittent 34 31 31 34 34 3 8.82 31 91.18 

 

In the present study based on spirometry, 37% children 

were diagnosed to have mild persistent asthma and 34% 

children had intermittent asthma.  The moderate 

persistent asthma was diagnosed in 23% children and 6% 

children had severe persistent asthma (Table 8). In the 

present study, the clinical and spirometry diagnosis of 
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moderate asthma showed total positive correlation 

(100%). The positive correlation of mild persistent and 

intermittent asthma was limited to 97.30% and 91.18%. 

Severe persistent asthma positively correlated in 76.77% 

(Table 9).  

DISCUSSION 

The urgent issue in asthma management strategy is early 

diagnosis. Under diagnosis of asthma leads to under 

treatment that causes progressive remolding in the airway 

mucosa. Recent studies have demonstrated (on the basis 

of broncho alveolar lavage) inflammatory changes even 

in mild persistent asthma.24 Though asthma can be 

diagnosed on clinical grounds, poor compliance and 

difficulty in monitoring are the impedence in successful 

management. Recent studies indicate that upto 70% of 

patients with asthma do not comply with treatment.25 So 

all older children should be subjected to spirometry in the 

initial evaluation of the disease. In the majority, the 

demonstration of the objective deviation of the observed 

value (>20%) from the predidted value by spirometer 

confirms asthma. When Spirometry values are normal 

and asthma is strongly suspected the response to 

bronchodilator aerosol is measured (Bronchodilator 

challenge test). Reversible airway obstruction 

characterized by a rise in the FEVI and / or FVC by 

atleast 12% from pre-to post bronchodilator), is 

characteristic of asthma.26 

In the present study, equal distribution of sex was 

observed with 51% males and 49% females. The male to 

female ratio was 1.04:1.  

In the present study the commonest presentations cough, 

searching difficulty and recurrent wheeze in all the 

children (100%). The other presentations included chest 

tightness (23%) and fever (11%). The respiratory distress 

was present in 68% children. Like other studies the 

present research revealed that majority of studied 

children presented with a combination of respiratory 

symptoms rather than a single symptom.27 However, A 

study from Saudi Arabia reported that. dyspnea rather 

than wheeze and cough was the most common symptoms 

in infants below one year of age.28 Overall, like other 

studies the core symptoms such as wheeze, chest 

tightness and cough in decreasing frequency were the 

most frequently reported manifestations in older children 

in this research.27,29 In the present study 35% of the 

children presented with two daytime symptoms and 33% 

with one symptom. Seven symptoms were noted among 

32% of children. Among 35% of children three nighttime 

symptoms per months were recorded whereas one 

nighttime symptom per months was in 34% of children 

(66%) reported two or more exacerbations per years 

whereas in 34% less than or equal in one exacerbations 

were noted. Of the 100 children, 5% children reported 

extremely limited normal activity. However, in 36%, 

35% and 24% children had no limitation and some 

limitation respectively. Based on these observations and 

National Asthma Education and Prevention programme 

guidelines, 38% children were clinically diagnosed with 

mild persistent asthma and 23% with moderate persistent 

asthama.23 Severe persistent and intermittent asthma was 

diagnosed among 8% and 31% children respectively. 

Although numerous epidemiological studies have been 

carried out all over the world; the magnitude of the 

problem of asthma has not been defined with certainty. 

Indeed, bronchial asthma prevalence studies lack 

consistency, possibly because of the ill-defined 

diagnostic criteria, non-standardized study protocols, and 

different methodologies. These have made international 

and even national comparison difficult, which 

incidentally have significant ethnic and regional 

variations. An increasing morbidity and mortality, as well 

as healthcare burden from asthma have been recognized 

lately30. In recent years, a majority of the researchers are 

using a questionnaire suggested by the 50-nation 

International study of Bronchial Asthma and Allergy in 

Children (ISSAC).31 

In the present study based in the spirometry, 69% 

children had FEV1 more than 80% and 25% children had 

FEV1 between 60 to 80%. However, 6% children had 

FEV1 less than 60%. Of the 100 children studied, 48% 

children showed the FEV1 to FVC with more than 85% 

whereas 22% children had 81% to 85% and 21% children 

had 75% to 80%. In 9% children, the FEV1 to FVC was 

less than 75%. The mean FEV1 values were 76.68 ± 

10.03 percent and FEV1 to FVC values were 82.40 ± 

8.12 percent. The mean PEFR values were 81.85 ± 9.89 

percent. Based in these findings 37% of children were 

diagnosed to have mild persistent asthma and 34% 

children had intermittent asthma. The moderate persistent 

asthma was diagnosed in 23% children and 6% children 

had severe persistent asthma. In a study from Chandigarh, 

India on 11 males (55%) and 9 females (45%) with mean 

age 9.33 ± 1.24 years, the majority (85%) had moderate 

persistent asthma32. 

In the present study, the clinical and spirometry diagnosis 

of moderate asthma showed total positive correlation 

(100%). The positive correlation of mild persistent and 

intermittent asthma was limited to 97.30 % and 91.18%. 

Severe persistent asthma positively correlated in 76.77%. 

Studies comparing clinical and spirometry are scarce. 

Shrivastava A, et.al studied PFTs in children with 

respiratory disorders and in normal children. He found 

that FCC was normal in asthmatic children, decreased in 

restrictive diseases as in pneumonia and empyema. FVC 

remains normal in mild and moderate obstruction. It may 

be decreased in severe obstruction and in restrictive lung 

diseases it is reduced as FVC represents lung parenchyma 

and asthma is disease of airways so in asthma FVC 

remains normal except in severe asthma where FVC may 

be decreased due to worsening of air trapping.33,34 And in 

restrictive lung conditions there is less of lung tissue so 

FVC is decreased. 
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In studies by Bacharier et. al. Paull et.al. in asthmatic 

children between 5-18 of age found normal FEVI values 

(many over 90% predicted) in a majority of the children, 

but study by Strunk et al. had a study with objective of 

effect of mild to moderate childhood asthma on lung 

growth found that FEVI was lower for boys with asthma 

than for boys without asthma.34-36 In asthma diffuse 

narrowing of the airways results in profound physiologic 

consequences. This narrowing has been thought an occur 

disproportionately in the small bronchi37. Although recent 

studies suggest a prominent role for large and medium 

airways.37,38 As a result, lung function tests are abnormal, 

with an increase in airway resistance and a decline in 

maximal expiratory flow.37 In obstructive lung conditions 

the airways are narrowed usually causing an increase in 

time it takes to empty the lungs. So FEVI is reduced in 

asthma. 

Bacharier et al FEVI/ FVC ratios at age 10 years, in 

asthmatics, 79% (mean with a range 76-83%) compared 

with 87% (mean with a range 85-89%) for the control 

subjects.34 The FEVI/FVC ratio represents exaggeration 

of dysanapsis that occurs in asthma. Dysanapsis in the 

lung is a normal phenomenon caused by disproportionate 

growth of airways and lung parenchyma. The extent of 

dysanapsis in asthma (as represented by abnormal FEVI/ 

FVC) is highly correlated with the degree of arway 

hyperresponsiveness.34,39 

Overall the present study showed the role of spirometry 

in accurate diagnosis of asthma in children enabling 

appropriate management. The limitations of the study 

were smaller sample size, the study with follow up would 

have yielded better results including outcome and 

prognosis and asthma triggers were not considered which 

would have helped us for the better management. 

CONCLUSION  

In the present study in the spirometry, 69% children had 

FEV1 more than 80% and 25% children had FEV1 

between 60 to 80%. However, 6% children had FEV1 

less than 60%. The FEV1/FVC in 48% children was more 

than 85%, 22% children had 81 to 85%, 21% children 

had 75 to 80% and 9% children had FEV1/FVC less than 

75%. The mean FEV1 values were 78.68 ± 10.03 percent 

and FEV1/FVC values were 82.40 ± 8.12 percent. The 

mean PEFR values were 81.85 ± 9.89 percent. 

Based on spirometry, 37% of children were diagnosed 

with mild persistent asthma, 34% with intermittent 

asthma, moderate persistent asthama 23% and 6% with 

sever persistent asthma. The clinical and spirometry 

diagnosis of moderate asthma showed total positive 

correlation (100%). The positive correlation of mild 

persistent and intermittent asthma was limited to 97.30% 

and 91.18%. Severe persistent asthma positively 

correlated in 76.77%. Hence it may be concluded that, the 

spirometry is not only helps to diagnose the asthma 

accurately, but also helps in assessing the severity which 

has the key role in the successful management. 
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