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Abstract
Children are the most vulnerable age group to become passive smokers due to cigarette smoke 

exposure, especially from family members. In addition, children who smoke passively are at high risk of 
experiencing declined cognitive performance. This study investigated the effect of cigarette smoke exposure 
on urinary cotinine levels and its relationship with elementary school students’ academic performance. The 
observational study with a cross-sectional design was located in Pannampu Village, Tallo District, Kota 
Makassar. Interviews, collecting academic performance data, and measuring urinary cotinine levels using 
colorimetric techniques were carried out on elementary school students (n=77). The research activities took 
place from June to August 2018. This study found that 88.5% of students stated that they had family members 
who smoked at home with inappropriate habits of exposing children to cigarette smoke. Urinary cotinine levels 
showed an average of 121.64 ng/mL All students with urinary cotinine levels above 200 ng/mL (16.4%) had 
smoker family members. The urinary cotinine levels in boys were higher (Mann-Whitney test, p=0.014) with 
lower report card average marks than in girls. The smoking habits of family members were still a concern and 
had not protected children from cigarette smoke exposure, as evidenced by the high average urinary cotinine 
levels, especially in boys, which might affect their academic performance.
Keywords: smoking habits, urinary cotinine, passive smoking.

Kadar Kotinin Urin dan Prestasi Belajar Siswa Sekolah Dasar pada 
Keluarga dengan Perilaku Merokok yang Buruk

Abstrak
Anak-anak merupakan kelompok usia paling rentan menjadi perokok pasif akibat paparan asap rokok 

dari orang-orang sekeliling terutama anggota keluarga. Anak-anak perokok pasif berisiko tinggi mengalami 
gangguan kesehatan termasuk penurunan kemampuan kognitif. Penelitian ini bertujuan menganalisis 
pengaruh asap rokok terhadap kadar kotinin urin dan hubungannya dengan prestasi belajar anak. Penelitian 
observasional analitik dengan desain potong lintang ini berlokasi di Kelurahan Pannampu, Kecamatan 
Tallo, Kota Makassar. Wawancara, pengumpulan data prestasi akademik, dan pengukuran kadar kotinin 
urin dengan teknik kolorimetri dilakukan pada siswa usia sekolah dasar (n=77). Penelitian dilakukan pada 
bulan Juni-agustus 2018. Didapatkan 88,5% siswa memiliki anggota keluarga perokok di rumah dengan 
perilaku berisiko memajankan asap rokok pada anak. Kadar kotinin urin menunjukkan nilai rerata 121,64 
ng/mL. Semua siswa dengan kadar konitin urin >200 ng/mL (16,4%) memiliki anggota keluarga perokok di 
rumah. Kadar kotinin urin pada anak laki-laki lebih tinggi (Mann-Whitney test, p=0,014) dengan rerata nilai 
rapor lebih rendah dibandingkan anak perempuan. Perilaku merokok anggota keluarga memprihatinkan dan 
belum melindungi anak dari pajanan asap rokok yang dibuktikan dengan rerata kadar kotinin urin yang tinggi 
terutama pada anak laki-laki. Diperlukan upaya yang kuat untuk melindungi anak dari bahaya rokok yang 
dapat bermanifestasi penurunan fungsi kognitif di masa depan.    
Kata kunci: perilaku merokok, kotinin urin, perokok pasif.
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Introduction
Cigarette smoking and other forms of tobacco 

consumption are public health problem that is part of 
behavioral health risk factors (HRFs).1 Although many 
studies prove the health effects of cigarette smoking, 
education and campaigns are still being promoted; 
however, the proportion of smokers has not changed 
significantly. For example, data from Indonesian Basic 
Health Research (Riset Kesehatan Dasar/Riskesdas) 
showed that the proportion of smokers in Indonesia 
was 29.3% in 2013, only a slight decrease to 28.9% 
in 2018.2,3 In South Sulawesi Province, the proportion 
of smokers also decreased from 27.0% to 25.9%.4 
However, these proportions are still high, considering 
that the global target for reducing smoking prevalence 
is 15.5% by 2025.1

When a cigarette is burned, the smoke 
is formed, containing nicotine and other toxic 
chemical compounds that are harmful to health. 
Cigarette smoke inhaled by smokers is referred 
to as primary cigarette smoke (first-hand smoke 
= FHS).5 Meanwhile, smoke from the burning end 
of a cigarette and is exhaled by smokers is called 
second-hand smoke (SHS).5,6 The smoke produced 
from burning cigarettes does not evaporate into 
the air but still contains nicotine residue that can 
pollute the air. It can react with other chemicals to 
form carcinogens and then stick to the surface of 
surrounding objects such as clothes, carpets, walls, 
furniture, bed linen, car dashboards, and children’s 
toys. This latter type of cigarette smoke, referred 
to as third-hand smoke (THS), can remain in the 
environment for years.5,6 Nicotine and tobacco-
specific nitrosamines were common contaminants 
found on many indoor surfaces, including floors, 
walls, and windows.7,8 Nicotine derived from THS 
can enter the body through the skin, respiratory 
tract, and digestive tract.9

Children are the most vulnerable group to 
receive SHS and THS from smokers around them. 
The main source of cigarette smoke exposure to 
children is from their homes and surroundings.10,11 
Individuals exposed to SHS, including children are 
susceptible to receiving more than 250 carcinogenic 
compounds and hazardous chemicals.12 SHS 
exposure to children is likely to cause premature 
death and increase the risk of developing acute 
respiratory infections, severe asthma symptoms, 
ear infections, and cancers.1,10 In addition, SHS 
exposure and most likely THS can affect brain 
development because this organ is very sensitive 
to toxins.13,14 This study aims to evaluate the 
impact of SHS and THS exposure, especially the 

nicotine component, on the academic performance 
of elementary school students. The intensity of 
nicotine exposure in children is determined by 
measuring the levels of the main metabolite of 
nicotine, namely cotinine, in urine. 

Method
The research protocol has received ethical 

approval from the Ethics Commission of the Faculty 
of Medicine, Hasanuddin University (number 
819/H.4.8.4.5.31/PP36-KOMETIK/ 2018). This 
analytic observational study with a cross-sectional 
design was conducted in Pannampu Village, Tallo 
District, Kota Makassar, centered on SD Inpres 
Pannampu III. The study began with education 
about the negative impact of smoking on children’s 
health, then explained the research objectives 
and procedures, conducted informed consent, 
interviewed subjects, collected morning urine 
samples and academic performance data in the form 
of report cards. The activities took place from June to 
August 2018. The study population was elementary 
school students by taking a total sample of SD 
Inpres Pannampu III that met the inclusion criteria 
included 5th and 6th grade students, aged ten-year-
old and over, received permission from their parents, 
proficient in reading and writing. Students were 
excluded if they decided to leave their willingness 
to be research subjects and were not cooperative 
during interviews and urine collection.

Interview
In the interview, subjects were asked to answer 

several questions including personal data (name, 
age, residential address, how many children are in 
the family, residential address, and class at school), 
family characteristics (number of family members, 
parents’ occupations, number of family members 
outside the nuclear family, and number of families 
who smoke), and smoking habits and activities of 
family members.

Urine Collection and Cotinine Level 
Determination

Research subjects were asked to collect their 
morning urine into the pot after obtaining their 
parents’ permission and signing the informed 
consent form. The urine samples were then picked 
up and transported to the Biochemistry Laboratory, 
Faculty of Medicine, Hasanuddin University using 
an icebox for cotinine levels measurement.

Cotinine levels in urine were measured using a 
colorimetric method modified from previous study.14 
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In summary, 0.5 mL of urine sample was added 
with 0.5 mL of ethanol, 0.2 mL of acetic buffer (4 
M, pH 4.7), 0.1 mL of 1.5 M KCN, 0.1 mL of 0.44 M 
chloramine, and 0.5 mL of 78 mM barbituric acid. 
The solution mixture was incubated for 100 minutes 
at room temperature. The color formed from the 
solution was measured at a wavelength of 508 nm 
using a Genesys 150 UV VIS spectrophotometer 
(Thermo Scientific). Each sample was measured in 
triplicate. The absorbance value obtained was then 
converted to a concentration value based on the 
standard cotinine (Sigma C-016) curve, developed 
using the CurveExpert software.

Data Analysis
Data on academic performance used the 

average marks of report cards in the last two 
semesters. The data were collected and processed 
using Microsoft Excel 2016 software. Statistical 
analysis was carried out using the SPSS 20 for 
Windows.

Results
Out of 77 Grade 5 and Grade 6 students at SD 

Inpres Pannampu III who met the inclusion criteria, 61 
students participated in the study until the end (Table 
1). Sixteen students were uncooperative during the 
interview and did not collect urinary samples.

Smoking Habits of Family Members
The interview results showed several 

important points regarding the smoking habits of 
family members in the house. Of the 61 students 
interviewed, 54 students (88.5%) stated that they 
had at least one smoker family member at home 
and 7 students (11.5%) did not have smoker family 
members. From the students who had smoker 
family members, the smokers often smoked when 

they were with the students (75.4%), when they 
gathered with the family (62.3%), while watching TV 
(68.9%) and after meals (52.4%). However, most 
students stated (73.8%) that other family members 
had advised smokers to stop or reduce cigarette 
consumption and not smoke inside the house.

Urinary Cotinine Level
The urinary cotinine levels (Table 1), both those 

who have family members who smoke at home 
and who did not have an average of 121.64 ng/mL 
ranging between 0.83 ng/mL to 655.78 ng/mL. This 
urinary cotinine level was not significantly different 
in the four age groups. Boys had significantly higher 
(p=0.014) level (173.20 ng/mL) than girls (74.90 ng/
mL). Although not statistically significant, the greater 
the number of smoker family members and the 
higher the ratio of smokers per total number of family 
members at home, the higher the students’ urinary 
cotinine level. Students whose fathers worked as 
traders in the traditional market or stalls, odd jobs, 
and laborers tended to have higher urinary cotinine 
levels. Students whose mothers work at home as 
homemakers have lower urinary cotinine levels than 
students whose mothers have certain professions 
such as traders/sellers in the traditional market or 
stalls, midwives, tailors, or small entrepreneurs.

The wide range of urinary cotinine levels (0.83 
ng/mL – 655.78 ng/mL) was grouped into three as 
presented in Table 2. Most of the students (n=39; 
63.93%) had urinary cotinine levels of 10 – 100 
ng/mL and 87.2% of them had smoker family 
members. Students with cotinine concentrations > 
200 ng/mL were a fairly high percentage (16.4%) 
and all of them had family members who smoked 
at home. So that there was a tendency for students 
who have smoker family members at home to have 
urinary cotinine levels higher than 10 ng/mL.
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Table 1. Students’ Urinary Cotinine Levels on Assessed Variables

Variables n (%) Urinary Cotinine Levels (ng/mL)# p value
Ages (yo)

10 21 (34.43) 132.32 ± 155.49

0.544
11 26 (42.62) 116.37 ± 142.54
12 13 (21.31) 115.84 ± 59.22
13 1 (1.64) 109.69

Sex*

Male 29 (47.54) 173.20 ± 171.81
0.014

Female 32 (52.46) 74.90 ± 45.35

Number of family in the house

4-6 28 (45.90) 141.81 ± 156.76
0.3847-9 21 (34.43) 79.72 ± 47.64

≥ 10 12 (19.67) 147.92 ± 157.18
Number of smoker family member

None 7 (11.48) 68.41 ± 55.74

0.688
1 27 (44.26) 130.28 ± 136.68
2 - 4 20 (32.79) 133.69 ± 151.70
≥ 5 7 (11.48) 107.09 ± 107.58

Smoker/family member ratio

0 7 (11.48) 68.40 ± 55.74

0.705
0.1 – 0.2 22 (36.07) 126.60 ± 145.75
0.3 – 0.4 22 (36.07) 135.80 ± 149.16
≥ 0.5 10 (16.39) 116.84 ± 94.46

Father occupation

Trader/seller in traditional market or stall 18 (29.51) 154.18 ± 168.44

0.747

Odd jobs 13 (21.31) 123.83 ± 156.06
Laborer 8 (13.11) 82.64 ± 40.37
Small entrepreneur 7 (11.48) 73.16 ± 41.27
Drivers 5 (8.20) 132.48 ± 50.92
Other occupation** 10 (16.39) 119.92 ± 125.09

Mother occupation

Homemakers 47 (77.05) 112.02 ± 131.51
0.369Trader/seller in traditional market or stall 7 (11.48) 126.49 ± 117.71

Other occupation*** 7 (11.48) 192.92 ± 59.50
Total 61 (100.00) 121.64 ± 131.48

#Mean ± standard deviation
*Mann-Whitney test significant  
**Foreman, security guard, blacksmith, retired
***Midwife, tailor, small entrepreneur 
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Table 2. Students’ Urinary Cotinine Levels and The Presence of Smoker  Family Members at Home

Urinary Cotinine Levels (ng/mL)       n (%)
Smoker Family Members at Home (n %)

Yes No
< 10 7 (11.48) 6 (85.7) 1 (14.3)

10 – 100 39 (63.93) 34 (87.2) 5 (12.8)
100.1 – 200 5 (8.20) 4 (80.0) 1 (20.0)

> 200 10 (16.39) 10 (100) 0 (0)

Because the number of smoker family members 
and the total family members varied in each 
student’s home, a ratio of smoker family members 
divided by the total family members was made to be 
able to state the relationship between the number 
of smoker family members and the intensity of 
SHS and THS exposure received by students, thus 
affecting urinary cotinine levels. The ratio obtained 
was of 0.0 to 0.8 (Table 2). However, Spearman’s 
Rho test showed no correlation (p=0.133) between 

the ratio and urinary cotinine levels. Students were 
divided into three groups based on their report card 
average marks to evaluate the effect of cigarette 
smoke exposure on learning performance (Table 3). 
This table shows the trend of students with report 
card average marks of ≤ 81.42 to have urinary 
cotinine levels ≥ 10 ng/mL. However, the chi-
square test showed insignificant results (p=0.390). 
Similarly, the Spearmen’s Rho correlation showed a 
low and negative correlation (rs=-0.121; p=0.352).

Table 3. Distribution of Urinary Cotinine Level and Students’ Academic Performance

Urinary cotinine levels (ng/mL)
Number of Students Based on Academic Performance n (%)

71,08- 76,25 76,26- 81,42 81,43- 86,60
<10 4(57.1) 2(28.6) 1 (14.3)

10-100 11 (28.2) 24(61.5) 4 (10.3)
100,1-200 1 (20.0) 3 (60.0) 1 (20.0)

>200 6 (60.0) 3 (30.0) 1 (10.0)
Total 22 (36.1) 32 (52.4) 7 (11.5)

 
Because urinary cotinine levels were significantly 

higher in male students than female, the report card 
average marks were then separated by gender. 

Figure 1 shows that the report card average marks 
in male students was lower than in female students, 
although it was not significant (p=0.063).

Figure 1. Urinary Cotinine Levels in Male Students were Significantly 
Higher than In Female Students (A).  Boys Tended to Have 
Lower Academic Performance than Girls (B)
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Discussion 
Studies showed that 40% of children 

aged <15 years were exposed to SHS in their 
homes.10,11,16 SHS and THS exposures impact 
children’s health, from upper and lower respiratory 
infections, asthma, otitis media, and cancers.1,10 
SHS exposure can affect children’s cognitive and 
behavioral performance. Nicotine could affect the 
brain regarding attention, memory, learning, and 
sleep disturbances.13,14 The ability to read and 
count was shown to decline in children aged 6-16 
years who were exposed to SHS.17

This study showed that almost 90% of students 
stated that they had a family member who smoked 
at home. Smoking habits were also very likely 
to expose children with SHS and THS, such as 
smoking inside the house while meals and watching 
television with children and other family members, 
as evidenced by urinary cotinine levels on average 
of 121.64 ng/mL. Urinary cotinine levels can be used 
to differentiate between smokers, passive smokers, 
and non-smokers.18 However, due to differences in 
the technique for measuring urinary cotinine levels, 
to the best of the authors’ knowledge, no fixed cut-off 
point is generally accepted to distinguish the three 
categories above. The consistent results showed 
that passive smokers (recipients of SHS and THS 
exposure from smokers) have significantly higher 
urinary cotinine levels than non-smokers. A study 
by Sharma et al.19 showed that passive smokers 
had cotinine levels on average 36.63±64.57 ng/
mL, significantly higher than non-smokers, namely 
13.6±12.73 ng/mL as measured using liquid 
chromatography and mass spectrometry. Susanto 
et al.20 found that passive smokers had urinary 
cotinine levels (in median) of 30.1 ng/mL while 
non-smokers were 8.45 ng/mL, measured using 
the enzyme-linked immunosorbent assay (ELISA).       

This study has not shown a significant 
relationship between students’ urinary cotinine levels 
and the number of family members who smoke at 
home. This result might indicate that although the 
number of smoker family members at home was 
small, they intensively exposed children with SHS 
and THS due to bad smoking habits. Hence, the 
urinary cotinine showed a high level. Interestingly, 
urinary cotinine levels in boys were significantly 
higher than in girls. Boys have a tendency to play 
outside more and do not hesitate to join older age 
groups, such as teenagers and adult smokers, so 
that they may receive more SHS exposure than 
girls. Interview questions also missed asking about 

the possibility of the students, especially boys, as 
active smokers because the study focused on the 
frame of children as passive smokers. Nevertheless, 
Riskesdas data revealed that the number of child 
smokers in Indonesia was still high, even increasing 
from 7.2% in 2013 to 9.1% in 2018.2,3

The relationship between urinary cotinine levels 
and total student academic performance showed 
that the results were not significant. However, if 
the academic performance data were differentiated 
by gender, boys had lower academic performance 
than girls. Further confirmatory studies are needed 
to prove this because many factors determine 
academic performance. These results were in line 
with previous studies showing that exposure to 
SHS and THS can affect cognitive function.13,14,17

Physiologically, healthy children aged 12-15 
years followed by 7-11 years had better antioxidant 
capacity than younger age groups and adults.21 The 
high antioxidant capacity can neutralize oxidative 
metabolites from cigarettes that have the potential to 
damage cells, including neurons. This mechanism 
may explain why the impact of SHS and THS on 
cognitive function has not been obviously detected 
in this study. Nevertheless, consider that nicotine as 
the main component of cigarettes is not an oxidant 
and has direct effects on the brain, including the 
effects of addiction. Therefore, the main thing to 
take into account is the long-term impact of SHS and 
THS on cognitive function, especially the nicotine 
component, which may manifest in productive ages.14 
The limitation of this study is that the assessment of 
academic performance through report cards alone 
to assess cognitive function seems inadequate. 
Thus, a more specific method is needed, such as an 
assessment of the level of intelligence, visuomotor 
integration, verbal memory, attention, and executive 
function with their respective standardized tests.22

Conclusion
Children are very vulnerable to receiving SHS 

and THS exposure from smokers who unfortunately 
come from their own families. The smoking habits 
of family members are still very worrying. Hence it 
may promote long-term health impacts and reduce 
the quality of life of children at their productive age. 

Acknowledgments
Authors would like to express a great 

appreciation to dr. Marhaen Hardjo, M.Biomed., 
PhD and dr. Gita Vita Soraya, PhD for their insights 
and comments that greatly improved this study.



203

Urinary Cotinine Levels in Children eJKI Vol. 10, No. 3, Desember 2022

References
1. World Health Organization, WHO global report on 

trends in prevalence of tobacco smoking 2000-2025, 
2nd ed. Geneva: World Health Organization, 2018.

2. Kementerian Kesehatan RI, Riset Kesehatan Dasar 
2013. Jakarta: Kementerian Kesehatan RI; 2013. 
Indonesian.

3. Kementerian Kesehatan RI, Riset Kesehatan Dasar 
2018. Jakarta: Lembaga Penerbit Badan Penelitian 
dan Pengembangan Kesehatan; 2019

4. Badan Penelitian dan Pengembangan Kesehatan 
Kementerian Kesehatan RI, Laporan Provinsi 
Sulawesi Selatan Riskesdas 2018. Jakarta: Lembaga 
Penerbit Badan Penelitian dan Pengembangan 
Kesehatan, 2019

5. University of California – Riverside. Third-hand 
smoke just as deadly as first-hand smoke, study 
finds. ScienceDaily 2014. <www.sciencedaily.com/
releases/2014/01/140130190453.htm>, accessed 
April 14, 2022.

6. Martins-Green M, Adhami N, Frankos M, Valdez M, 
Goodwin B, Lyubovitsky J, et al. Cigarette smoke 
toxins deposited on surfaces: implications for human 
health. PLoS One. 2014;9:e86391. doi: 10.1371/
journal.pone.0086391.

7. Whitlatch A, Schick S. Thirdhand smoke at Philip 
Morris. Nicotine Tob Res. 2019;21:1680-8. doi: 
10.1093/ntr/nty153.

8. Bush D, Goniewicz ML. A pilot study on nicotine 
residues in houses of electronic cigarette users, 
tobacco smokers, and non-users of nicotine-
containing products. Int J Drug Policy. 2015;26:609-
11. doi:10.1016/j.drugpo.2015.03.003.

9. Kuschner WG, Reddy S, Mehrotra N, Paintal HS. 
Electronic cigarettes and thirdhand tobacco smoke: 
two emerging health care challenges for the primary 
care provider. Int J Gen Med. 2011;4:115-20. 
doi:10.2147/IJGM.S16908.

10. Park MB. Living with parents who smoke predicts 
levels of toxicant exposure in children. Sci Rep. 
2020;10:11173. doi: 10.1038/s41598-020-66920-y.

11. Susanto AD, Putri PD, Hudoyo A, Taufik FF, Nurwidya 
F, Andarini S. Urinary cotinine level in Indonesian 
children exposed to domestic cigarette smoke. J 
Nat Sci Biol Med. 2018;9:77-81. doi: 10.4103/jnsbm.

12. Talhout R, Schulz T, Florek E, van Benthem J, 
Wester P, Opperhuizen A. Hazardous compounds 
in tobacco smoke. Int J Environ Res Public Health. 
2011;8:613-28. doi:10.3390/ijerph8020613.

13. Khorasanchi Z, Bahrami A, Avan A, Jaberi N, Rezaey 
M, Bahrami-Taghanaki H, et al. Passive smoking is 
associated with cognitive and emotional impairment 
in adolescent girls. J Gen Psychol. 2019;146:68-78. 
doi:10.1080/ 00221309.2018. 

14. Rovio SP, Pihlman J, Pahkala K, Juonala M, 
Magnussen CG, Pitkänen N, et al. Childhood 
exposure to parental smoking and midlife cognitive 
function. Am J Epidemiol. 2020;189:1280-91. 
doi:10.1093/aje/kwaa052.

15. Kim HJ, Park KK, Chung WY, Lee SK, Kim KR. 
Protective effect of white-fleshed peach (Prunus 
persica) on chronic nicotine-induced toxicity. 
J Cancer Prev. 2017;22:22-32. doi:10.15430/
JCP.2017.22.1.22.

16. Mbulo L, Palipudi KM, Andes L, Morton J, Bashir 
R, Fouad H, et al. GATS Collaborative Group. 
Secondhand smoke exposure at home among 
one billion children in 21 countries: findings from 
the Global Adult Tobacco Survey (GATS). Tob 
Control. 2016;25(e2):e95-e100. doi:10.1136/
tobaccocontrol-2015-052693.

17. Ellis-Suriani Z, Norsa’adah B, Othman A, Siti-Azrin 
AH. Association between secondhand smoke 
exposure at home and cognitive performance among 
rural primary school children in Malaysia. Tob Induc 
Dis. 2021;19:27. doi:10.18332/tid/133638. 

18. Fernandes AGO, Santos LN, Pinheiro GP, 
Vasconcellos DS, de Oliva ST, Fernandes BJD. 
Urinary cotinine as a biomarker of cigarette smoke 
exposure: a method to differentiate among active, 
second-hand, and non-smoker circumstances. 
The Open Biomarkers Journal. 2020;10:60-8. doi: 
10.2174/1875318302010010060.

19. Sharma P, Sane N, Anand SD, Marimutthu P, 
Benegal V. Assessment of cotinine in urine 
and saliva of smokers, passive smokers, and 
nonsmokers: method validation using liquid 
chromatography and mass spectrometry. Indian J 
Psychiatry. 2019;61:270-6. doi:10.4103/psychiatry.
IndianJPsychiatry_61_18.

20. Susanto AD, Putri PD, Hudoyo A, Taufik FF, Nurwidya 
F, Andarini S. Urinary cotinine level in Indonesian 
children exposed to domestic cigarette smoke. J 
Nat Sci Biol Med. 2018;9:77-81. doi:10.4103/jnsbm.
JNSBM_119_17.

21. Morimoto M, Hashimoto T, Tsuda Y, Kitaoka 
T, Kyotani S. Evaluation of oxidative stress 
and antioxidant capacity in healthy children. J 
Chin Med Assoc. 2019;82:651-4. doi: 10.1097/
JCMA.0000000000000045.

22. Roze E, Reijneveld SA, Stewart RE, Bos AF. Multi-
domain cognitive impairments at school age in very 
preterm-born children compared to term-born peers. 
BMC Pediatr. 2021;21:169. doi:10.1186/s12887-
021-02641-z.


