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Assessment of indoor air quality in public preschool 
and its impact on respiratory function in Jeddah City, 
Saudi Arabia

Introduction

Air pollution (AP) is characterized as the contamination of 
the indoor or outdoor environment by physical, biological, 
or chemical agents that alter the natural characteristics of the 
atmosphere.[1] In 2016, the World Health Organization (WHO) 
estimated that 25–33% of the global disease burden was 
attributed to environmental risk factors, emphasizing the critical 
impact of the environment on public health.[2] Addressing social 
and environmental factors presents an opportunity to alleviate 
the global disease burden.[2]

According to the WHO, 91% of the global population in 
2016 experienced air that did not meet clean standards. In 
addition, over half of the urban population faced outdoor AP 
(OAP) levels surpassing the WHO safety standard by at least 
2.5 times. The impact of this issue was profound, leading to 
an estimated 4.2 million deaths worldwide attributed to OAP 
in both urban and rural areas. When combining the effects of 

indoor and OAP, it was responsible for an alarming 7 million 
deaths globally in 2016, equating to one in eight deaths.[2]

School health programs emerge as cost-effective preventive 
measures, recommended by the WHO to mitigate health risks, 
particularly respiratory illnesses, musculoskeletal pain, and 
injuries among children and youths.[3] Notably, studies by the 
US Environmental Protection Agency have demonstrated that 
indoor AP (IAP) can be 2–5 times higher than outdoor levels, 
with some instances reaching 100 times higher.[4] Children, 
constituting a quarter of the world population, are especially 
vulnerable to the consequences of IAP.[5]

The global morbidity and mortality related to respiratory 
diseases in children have been a major issue for health-care 
systems in developing and developed countries.[6] The impact 
of IAP and OAP on respiratory infections, such as pneumonia, 
is alarming, with second-hand smoke exposure alone causing 
570,000 deaths in children under 5 years of age.[7] According 
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to the WHO, approximately 60% of the global disease burden 
from respiratory infections can be attributed to IAP and OAP.[8]

Recognizing schools as environments with diverse hazards, 
it becomes crucial to assess and manage risks for the 
well-being of staff, students, and visitors. AP emerges as a 
significant hazard stemming from various human activities 
such as transportation, construction, industrial work, 
agriculture, mining, and smelting.[8,9] IAP, with its numerous 
potential sources in schools, underscores the importance 
of understanding indoor air quality (IAQ) variations across 
different spaces within educational institutions.[10]

School environments are not only the potential sources of IAP 
but also exhibit a wide range of IAQ. Health issues such as 
respiratory tract diseases, allergies, headaches, and fatigue are 
linked to IAP, as well inadequate structural ventilation, and 
dampness. In 2015, a cohort study conducted in Barcelona 
linked exposure to higher traffic-related AP in schools to 
attenuated cognitive development in children.[11]

The study of indoor environments reveals the presence of 
IAPs, including carbon dioxide (CO2), particulate matter (PM), 
carbon monoxide, sulphur dioxide, nitrogen dioxide (NO2), 
and volatile organic compounds (VOCs), which are of primary 
concern for health.[12,13]

Children raised in regions characterized by elevated levels of 
NO2 may face an elevated risk of developing schizophrenia.[14] 
Upon conducting a critical review of epidemiological evidence, 
it becomes evident that AP has detrimental effects on cognitive 
function. This association is marked by cognitive impairment 
and an elevated risk of dementia.[15] A systematic review 
conducted in 2022 found that IAP resulting from the use of 
solid fuels may be a significant risk factor for pneumonia in 
children.[16] Moreover, according to the recent review in 2023, 
IAQ assessment was carried out in day care centers, they 
found that effectively managing IAQ in a child care sitting 
environment by identifying and eliminating sources is cost-
effective and time-efficient.[17]

Notably, the International Study of Asthma and Allergies in 
Childhood reported a global rise in asthma prevalence in 2007, 
particularly in low- and middle-income countries, emphasizing 
the importance of understanding the impact of environmental 
factors on respiratory health.[11] Lung function is influenced by 
various factors, some non-modifiable like family history and 
genetic predisposition, and others modifiable, such as exposure 
to IAPs. Children, spending a significant portion of their time 
indoors, are particularly at risk due to the immaturity of their 
respiratory systems.[18] Despite these concerning trends, there 
is a notable gap in the literature regarding the relationship 
between IAQ and respiratory function in preschool children 
especially in Saudi Arabia. This study aims to fill this gap by 
assessing this critical connection and contributing valuable 
insights into a relatively unexplored area of research.

Methods

Study setting and sampling

A cross-sectional study was conducted in Jeddah between 
November and December 2018 and included male and female 
children aged 4–6 years who attended public preschool. 
Multistage cluster analysis was conducted, and stratification 
was applied during the first two stages.

Stage 1

According to the Ministry of Education’s geographical map, 
four preschools were selected from four geographical areas in 
Jeddah (Central, East, West, and North).

Stage 2: Stratification according to the preschool 
levels

Within each preschool, stratification was applied according 
to age:

Stratum one: Children from preschool grade 2.

Stratum two: Children from preschool grade 3.

Stage 3: Student selection

A total of 400 students (100 from each school) were divided 
between the two strata, and 50 students from each stratum 
were selected from the updated list using systematic random 
sampling.

Students who could not perform peak flow meter (PFM) 
testing and those who had learning difficulties were excluded 
[Figure 1].

Data collection

IAQ was assessed using a4-IN-1 Air Detector (WP6912) 
for formaldehyde (HCHO), VOCs, and fine particulate dust 
matter (PM2.5 and PM10), and MultiRAE is a multi-gas portable 
monitor and detector used to measure CO2, temperature, and 
humidity.[5,18]

Respiratory function measures

PFM
We used the PFM test to assess the children’s lung function 
and categorised them based on the results of their PFM test. 
The test aimed to measure the maximum expiratory flow, 
which represents the highest peak flow found after forced 
expiration and measured in liters per minute; it indicates 
lung function.

The measurement fell into three zones

Green zone (80–100% of the child predicted number): Indicates 
that the child was healthy, with a clear chest.
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Yellow zone (50–80% of the child predicted number): Indicates 
that the child had warning signs, which included cough, 
wheezing, and shortness of breath, chest tightness, or runny nose.

Red zone (<50% of the child predicted number): Indicates that 
the child had difficulty breathing.

The following table was used to interpret the PFM results to 
classify the child’s respiratory health status according to the 
above-listed three zones [Table 1].

Questionnaire

An adapted and modified questionnaire was obtained from a 
survey of respiratory health status conducted in 2010 in the 
Vaal Triangle Priority Area by Mundackal,[6] which included 
four main sections and 45 questions.

The first to fourth sections of the questionnaire contained the 
following: (1) questions on the child’s demographic data; 
(2) related to the child’s parent education, job, consanguinity, 
and family income per month; (3) related to the child’s house, 
including the risk factors for AP, child home type, number of 
people in the home, room number, source of drinking water, 
heating systems and use of electrical appliances, if there was a 
fireplace, what type of fuels were used for cooking, how the house 
was ventilated and if there is any mould, pets and smoking within 
the household, if there was any pesticide or coal use in the home, 
and child’s dietary habits; and (4) related to the child’s health such 
as allergies, asthma, chest cough, sputum, wheezing, and current 
health status. The last section included a question regarding the 
opinion of the child’s parent on AP in Jeddah and its source.

Statistical analyses

IBM SPSS Statistics for Windows, version 20 (IBM Corp., 
Armonk, NY, USA) was used for all statistical analyses. 

Numeric data are presented as mean ± standard deviation (SD), 
whereas for categorical variables, percentages are used. The 
comparisons between groups were analyzed by Student’s t-test 
or Mann-Whitney U test according to the data distribution and 
the Chi-squared test for categorical values.

Results

We conducted the study among four preschools located in 
the South, West, Central, and North areas of Jeddah City. We 
included 300 children, with a response rate of 75%; of them, 
98% were Saudis, 163 (54.3%) of whom were female [Table 2].

The highest PFM green zone value was identified in the 
North preschool (n = 32, 54.2%) [Figure 2], and the lowest 
value was identified in the Central preschool (n = 21, 33.3%) 
[Figure 3]. Yellow zone value was the highest and almost 
the same at the Central preschool (n = 28, 44.4%) [Figure 3] 
and North preschool (n = 26, 44.1%) [Figure 2]. The lowest 
yellow zone value was recorded in the South preschool (n = 33, 
36.7%) [Figure 4]. The red zone value was the highest in the 
Central preschool (n = 14, 22.2%) [Figure 3] and lowest in 
the North preschool (n = 1, 1.7%) [Figure 2]. The differences 
in PFM measurements were significant between the schools 
(P = 0.017).

We observed that 54.8% of students in the yellow and red 
zones were female, but this difference was not statistically 

Table 1: The identified three zones of the peak flow meter 
reading
Height Green zone 

(80–100%)
Yellow zone 
(50–79%)

Red zone (below 
50%)

43” 119–150 74–118 <74

44” 128–160 80–127 <80

45” 139–175 87–138 <87

Figure 1: Student selection and stratification
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significant (P = 0.48) [Table 3]. There was also no significant 
difference based on the percentage of students in the green 
zone between the North, South, and Central regions (P = 0.76). 
Most students in the green zone had parents with education 
beyond high school (93.7% of mothers and 89.5% of fathers), 
but this result was not statistically significant (P = 0.08 and 
0.54, respectively) [Table 3]. The result showed no difference 
in socioeconomic class (P = 0.58) [Table 3].

There was a significant (P = 0.00) association between students 
in the yellow and red zones and a history of allergies and 
asthma [Table 4].

There was no significant association between the PFM value 
zones and seasons (summer, autumn, winter, and spring) 
(P = 0.17, 0.18, 0.52, and 0.66, respectively) [Table 4].

Yellow and red zones were significantly associated with the 
family history of bronchial asthma (P = 0.04) and medication 
use during a cold (P = 0.00) [Table 5].

Bronchitis, pneumonia, earaches, sinus issues, cough, sputum, 
and wheezing were more frequent in students within the 
yellow and red zones, with significant increases in bronchitis 
(P = 0.049) and sputum (P = 0.013) [Table 5].

The green zone had lower levels of CO2 (mean = 1369.85.115, 
SD = 329.115) and lower temperatures (mean = 23.64 SD = 1.46) 
than the yellow and red zones (CO2 [mean = 1471.43, 24.04, 
SD = 396.927, 24.04 ± 2.46, 2.46], temperatures [mean = 1471.43, 
24.04, SD = 396.927, 24.04 ± 2.46, 2.46]) (P < 0.05) [Table 6].

Discussion

This study observed better lung function in students who 
attended preschool in the North region of Jeddah than in other 
regions. Most respiratory symptoms appeared in the yellow and 

55%

44%

1%

Green zone

Yellow zone

Red zone

Figure 2: North preschool

50%
37%

13%

Green zone

Yellow zone

Red zone

Figure 4: South preschool

33%

45%

22%

Green zone

Yellow zone

Red zone

Figure 3: Central preschool

Table 2: Children’s sociodemographic characteristics
Variable No. %

Studied preschool

Central preschool 63 21.0

East preschool 88 29.3

South preschool 90 30.0

North preschool 59 19.7

Child characteristics

Sex

Male 137 45.7

Female 163 54.3

Nationality

Saudi 294 98.0

Non-Saudi 6 2.0

Region in Jeddah

North 134 44.7

South 84 28.0

Central 82 27.3
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red zones of the PFM chart. Moreover, a statistically significant 
association was observed between the red and yellow zones 
and CO2, temperature, and lung function.[18]

Furthermore, poor lung function was moderately associated 
with a lower family socioeconomic status. Concentrations 
of CO2, PM2.5, PM10, and VOCs were lower in the North 
preschool, potentially owing to better airway exchange in the 
classrooms and fewer students per classroom.[7] In addition, 
the environment around the preschool could influence the air 
quality. For example, the north region is near the sea, whereas 
the Central and South regions house numerous factories.[8] In 
one study conducted in a university hospital in the Eastern 
Province of the Kingdom of Saudi Arabia, it was found that 
OAP may have a negative impact on IAQ.[19]

The poor IAQ levels may be attributed to the occupancy of 
students. These results are consistent with a study conducted 
in Poland, where measurements were taken both before the 
arrival of children and staff and after all classrooms were 
occupied. The findings revealed that IAQ measurements were 
lower in the afternoon.[20] Another study conducted in Portugal 
in 2017 showed that internal concentrations of internal quality 
measures were often higher at the end of the school day 
compared to the early morning periods, indicating the impact 
of occupancy rates.[21]

A different investigation in various nations found a comparable 
outcome of surpassing the recommended CO2 levels, mirroring 
the findings of a 2014 study in Malaysia.[11] In addition, a study 
carried out in Portugal in 2014 showed a similar result.[22]

Several factors can cause abnormalities in lung function, 
one of which is IAP. A study conducted in Klang Valley 
found an association between different IAQ parameters and 
lung function test (FEV1 and FVC) results among school 
children in urban areas.[6] Another factor in our study could 
be seasonal allergies because the study was performed in 
November and December, which is the rainy season, and 
many children reported being sick and absent for 2 weeks 
before the study.[9,10] The impact of seasonal allergies 
should be considered in future studies while appropriately 
controlling for other variables.

Our results indicated a significant association between the 
indoor concentration of CO2 and temperature with abnormal 
lung function.

Table 3: Predictor of student PFM attending preschool and 
sociodemographic characteristics (n=300)
Variable Green zone 

(143)
Yellow and red 

zone (157)
P‑value

Sex

Male 66 (46.2) 71 (45.2) 0.48

Female 77 (53.8) 86 (54.8)

Region the child lives in 
Jeddah

North 67 (46.9) 67 (42.7) 0.76

South 39 (27.3) 45 (28.7)

Central 37 (25.9) 45 (28.7)

Mother education

Illiterate, primary, or 
intermediate

9 (6.3) 18 (11.5) 0.08

High school and above 134 (93.7) 139 (88.5)

Mother occupation

Yes 44 (30.8 44 (28) 0.34

No 99 (69.2) 113 (72)

Father education

Yes 132 (91.6) 147 (93.6) 0.32

No 12 (8.4) 10 (6.4)

Social class

Low 68 (47.6) 84 (53.5) 0.58

Moderate 70 (49) 68 (43.3)

High 5 (3.5) 5 (3.2)
PFM: Peak flow meter

Table 4: Predictor of student PFM attending preschool and 
history of allergy and asthma (n=300)
Variable Green 

zone (143)
Yellow and 

red zone (157)
P‑value

Absent of child in the last 
2 weeks

Yes 82 (57.3) 89 (56.7) 0.50

No 61 (42.7) 68 (43.3)

History of allergy

Yes 17 (11.9) 51 (32.5) 0.00*

No 126 (88.1) 106 (67.5)

History of bronchial asthma

Yes 11 (7.7) 38 (24.2) 0.00*

No 132 (92.3) 119 (75.8)

Presence of an active attack of 
bronchial asthma

Yes 8 (72.7) 26 (68.4) 0.73

No 3 (27.3) 10 (26.3)

Not sure 0 2 (5.3)

Attack in summer

Yes 5 (50) 26 (72.2) 0.17

No 5 (50) 10 (27.80)

Attack in autumn

Yes 9 (90) 25 (51) 0.18

No 1 (10) 11 (49)

Attack in winter

Yes 1 (10) 6 (16.7) 0.52

No 9 (90) 30 (83)

Attack in spring

Yes 9 (90) 32 (88.9) 0.66

No 1 (10) 4 (11.1)
*Chi-squared test. PFM: Peak flow meter
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Table 5: Predictor of student PFM attending preschool and 
(medical, family) history (n=300)
Variable Green 

zone (143)
Yellow and red 

zone (157)
P‑value

Any history of bronchitis

Yes 36 (25.2) 56 (35.7) 0.049*

No 107 (74.8) 101 (64.3)

Pneumonia

Yes 3 (2.1) 5 (3.2) 0.725

No 104 (97.9) 152 (69.8)

Earache

Yes 17 (11.9) 19 (12.1) 0.549

No 126 (88.1) 138 (87.9)

Hay fever

Yes 5 (3.5) 3 (1.9) 0.485

No 138 (96.5) 154 (98.1)

Sinus problem

Yes 33 (23.1) 43 (27.4) 0.391

No 110 (76.9) 114 (72.6)

Cough

Yes 30 (21) 44 (28) 0.81

No 113 (79) 113 (72)

Sputum

Yes 45 (31.5) 72 (45.9) 0.013*

No 98 (68.5) 85 (54.1)

Wheezing

Yes 17 (11.9) 289 (17.8) 0.195

No 126 (88.1) 129 (82.2)

Family history of bronchial 
asthma

Yes 44 (30) 44 (28) 0.95

No 99 (69.2) 113 (72)

Allergy

Yes 45 (31.5) 65 (41.4) 0.04*

No 98 (68.5) 92 (58.6)

Medication use during flu

Yes 32 (22.4) 49 (31.2) 0.05*

No 111 (77.6) 108 (68.8)
*Chi-squared test. PFM: Peak flow meter

Table 6: Association between PFM and IAQ
IAQ Green zone Yellow and red zone P‑value

Mean±SD Mean±SD

1. Formaldehyde 0.02±0.05 0.029±0.06 0.23

2. VOC 0.235±1.23 0.324±1.42 0.33

3. PM2.5 0.01±0.005 0.0200±0.003 0.10

4. PM10 0.02±0.007 0.02±0.007 0.37

5. CO2 1369.85±329.115 1471.43±396.927 0.012*

6. Temperature 23.64±1.46 24.04±2.46 0.04*

7. Humidity 41.81 ± 6.19 40.32 ± 6.21 0.89
*Independent T test. PFM: Peak flow meter, IAQ: Indoor air quality

Previously, CO2 and temperature were associated with reduced 
lung function among children, but no associations were 
evident for other IAQ measures (HCOC, VOC, PM2.5, PM10, 
and humidity).[11]

A study conducted by Arifuddin et al. in Malay reported the 
same association between CO2 and abnormal lung function.[12]

Another study conducted in Malay concluded that poor IAQ 
may increase the risk of lung function abnormalities and 
respiratory problems.[13]

Our study has several limitations, including limited funding, 
which limited the number of investigators, and limited resource 
availability, which could have affected the accuracy of the 
results. The study was conducted during the rainy season, which 
could also have affected the results. Further research should be 
conducted with more advanced equipment and during the low 
season for flu and allergies for more accurate results.

Conclusion

Our study sheds light on a crucial aspect of children’s 
health, specifically their respiratory function in relation to 
environmental ventilation. Through rigorous investigation, we 
observed a noteworthy correlation: children in environments 
with adequate ventilation demonstrated superior respiratory 
function compared to those with inadequate ventilation. 
Our findings unequivocally support the hypothesis that 
proper ventilation contributes positively to respiratory health 
in this demographic. Looking ahead, our study prompts 
further research into the specific mechanisms through which 
ventilation influences respiratory function in preschool 
children. Future studies might delve into the long-term effects 
of sustained exposure to varied ventilation conditions and 
explore interventions to optimize IAQ in educational settings.
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