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Abstract

This national cross-sectional study aimed to measure the oral health status, and oral health related-
quality of life (OHRQoL) among Nepalese schoolchildren. Another aim was to investigate the
association of dental caries and its consequences with OHRQoL, sociodemographic factors, oral
health-related behaviours, anthropometrics, and school attendance and performance.

The study was conducted in 18 out of total 75 randomly selected districts of Nepal representing
5 developmental, and concurrently 3 simultaneously ecological regions. Altogether 1137 of the
invited 1157 schoolchildren from 27 conveniently selected schools participated both in the survey
and clinical examination. Information on sociodemographic factors and oral health-related
behaviours was collected using a structured questionnaire. Validated Nepali Child-OIDP was used
for assessing children’s OHRQoL. Clinical oral examinations were conducted as per the WHO
guidelines and assessed dental caries, its consequences (pufa/PUFA) and periodontal status. BMI,
waist-to-hip ratio, and waist-to-height ratio were computed from anthropometric measurements.
School-related information included data on school absenteeism was collected from school
registry and school performance (percentage of the sum of scores in three core subjects).

Gingival bleeding was highly prevalent among all participants. The youngest ones had most
often need for dental caries treatment; 79% vs. 64% among the oldest ones. Dental caries and its
consequences were most prevalent among those living in the Kathmandu Valley or in the rural
areas or in mountain or hilly ecological regions, as well as those consuming sweets or candy, or
tea with sugar, and brushing teeth infrequently. Most of the participants had problem with eating,
cleaning the mouth, and sleeping. Dental caries and its consequences were associated with poor
OHRQoL. They were also associated with both high and low BMI and central obesity (high waist-
to-hip and waist-to-height ratios) as well as high school absenteeism (>13% of total schooldays
missed) and poor school performance. Both low and high BMI, and poor OHRQoL, as well as high
school absenteeism were all inversely associated with school performance.

In conclusion, dental caries and gingival bleeding are common among Nepalese
schoolchildren. Dental caries and its consequences are associated with poor OHRQoL. These
conditions are also associated with sociodemographic factors, poor oral health-related behaviours,
and anthropometrics (BMI and central obesity) as well as high school absenteeism and poor school
performance.

Keywords: academic performance, adolescent, anthropometry, body mass index, child,
dental caries, Nepal, oral health, quality of life
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Tiivistelmä

Tämän poikkileikkaustutkimuksen tavoitteena oli tutkia nepalilaisten koululaisten suunterveyttä
ja siihen liittyvää elämänlaatua (OHRQoL). Toiseksi tavoitteena oli tutkia karieksen ja sen seu-
rausten mm. oireet ja tulehdus, yhteyttä suunterveyteen liittyvään elämänlaatuun, sosiodemogra-
fisiin ja antropometrisiin tekijöihin, suunterveyskäyttäytymiseen, koulupoissaoloihin sekä -
menestykseen.

Tutkimus toteutettiin 18/75 satunnaisesti valitussa Nepalin piirikunnassa, jotka edustivat sekä
viittä kehitysaluetta että kolmea ekologista aluetta. Mukaan kutsutuista 1157 koululaisesta (27
koulua, mukavuusotos), 1137 osallistui sekä kysely- että kliiniseen tutkimukseen. Sosiodemo-
grafiset taustatiedot sekä tiedot suunterveyskäyttäytymisestä kerättiin strukturoidulla kyselylo-
makkeella. Suunterveyteen liittyvää elämänlaatua arvioitiin käyttäen validoitua nepalin kielistä
Child-OIDP –lomaketta. Kliinisessä tutkimuksessa tutkittiin kariestilanne, sen kliiniset seurauk-
set (pufa/PUFA) sekä kiinnityskudosten tila WHOn ohjeiden mukaan. BMI, vyötärön ja lantion
ympärysmitan suhde sekä vyötärön ympärysmitan ja pituuden suhde laskettiin mittaustulosten
perusteella. Kouluista saatiin tiedot poissaoloista viimeisen kouluvuoden aikana sekä koulume-
nestys kolmessa keskeisimmässä oppiaineessa viimeisimmässä todistuksessa.

Lähes kaikilla todettiin ienverenvuotoa. Nuorimmassa ikäryhmässä oli muita useammin kor-
jaavan karieshoidon tarvetta (79% vs. 64%). Kariesta sekä sen seurauksia esiintyi eniten niiden
keskuudessa, jotka asuivat Kathmandun laaksossa tai vuoristossa. Karieksen esiintyvyys oli
myös yhteydessä mm. sokerin, makeisten ja sokeriteen kulutukseen sekä epäsäännölliseen ham-
paiden harjaukseen. Karies seurauksineen oli yhteydessä huonoon suunterveyteen liittyvään elä-
mänlaatuun (OHRQoL), erityisesti syömiseen, suun puhdistamiseen sekä nukkumiseen. Sillä oli
myös yhteys sekä matalaan että korkeaan BMIhin, lisääntyneisiin koulupoissaoloihin sekä huo-
noon koulumenestykseen. Matala ja korkea BMI, huono suunterveyteen liittyvä elämänlaatu
sekä poissaolot olivat käänteisesti yhteydessä koulumenestykseen.

Karies ja ienverenvuoto ovat yleisiä nepalilaisten koululaisten keskuudessa. Karies seurauk-
sineen on yhteydessä huonoon suunterveyteen liittyvään elämänlaatuun (OHRQoL), haitalliseen
suunterveyskäyttäytymiseen, sosiodemografisiin ja antropometrisiin tekijöihin (BMI, keskivarta-
lolihavuus) sekä lisääntyneisiin koulupoissaoloihin ja huonoon koulumenestykseen.

Asiasanat: akateeminen suoritus, antropometria, elämänlaatu, karies, lapsi, Nepal,
nuori, painoindeksi, suun terveys
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1 Introduction 
Oral health is defined as a state of being free from any oral diseases or conditions 
resulting in pain or discomfort that may subsequently lead to functional limitations 
and influence psychosocial wellbeing (Petersen, 2003). Oral diseases comprise a 
major proportion of the non-communicable diseases, and are considered one of the 
major public health burdens affecting 3.58 billion people globally (Vos et al., 2017). 
Dental caries of permanent teeth is the most prevalent disease, followed by dental 
caries of deciduous teeth, and periodontal diseases (Vos et al., 2017). These 
conditions are remarkably increasing in most of the low- and middle-income 
countries (LMICs), particularly in South Asia as well as in deprived communities 
of high-income countries (Kassebaum et al., 2015; André Kramer, Pivodic, 
Hakeberg & Östberg, 2019). 

Pain and discomfort related to oral diseases or infections, particularly due to 
dental caries, and periodontal disease may affect or even restrict functional 
activities like eating, chewing and smiling, and they have an impact on self-esteem 
and psychosocial and emotional wellbeing, thereby causing a profound effect on 
general health and quality of life (Sheiham, 2005). The impact of oral diseases is 
crucial when it deteriorates chewing efficiency and sleeping, consequently 
influencing the growth and development of a child (Sheiham, 2006). Symptoms of 
oral diseases may also limit children’s academic work at school and at home, i.e., 
school attendance, thus affecting the learning process, and consequently school 
performance (Rebelo, Rebelo Vieira, Pereira, Quadros & Vettore, 2019; Ruff, 
Senthi, Susser & Tsutsui, 2019). Episodes and symptoms due to oral diseases are 
not only limited to children, but may also affect the quality of life of their family 
members (BaniHani, Deery, Toumba, Munyombwe & Duggal, 2018). 

Nepal is a land-locked country in South Asia between China and India. This 
multi-ethnic country is divided into three ecological regions. The country was 
divided into five administrative developmental regions and seventy-five districts 
until September 2015, when it was reformed into seven provinces and seventy-
seven districts. Nepal belongs to the low-income developing countries with a gross 
domestic product (GDP) of USD 24.47 billion in the year 2017 (World Bank, n.d.). 
The overall budget for the health sector is minimal, i.e., it was 4.5% of the total 
budget in the fiscal year 2018/19 (Ministry of Finance [MOF], 2018). 

In Nepal, the first national oral health pathfinder survey was conducted in 
2004. The survey reported a high prevalence of dental caries and gingival bleeding, 
particularly among 5−6-year-olds (Yee & Mishra, 2004). Before 2004 and 
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thereafter, nationwide data on oral health are scarce, and research relating to the 
impact of oral health on children’s quality of life, growth and development has been 
scanty in the context of Nepal. 

A paradigm shift in the concept of oral health as a subjective indicator of 
general health has recently gained global attention. In addition, the United Nations 
has a target to attain good health and well-being, as well as education of children 
as Goal 3 and Goal 4 of the Sustainable Developmental Goals (United Nations, n.d). 
Research on these topics in relation to oral disease is essential for planning and 
monitoring and to create guidelines for evidence-based dentistry. 

Therefore, this study focuses on measuring the oral health status, and oral 
health-related quality of life among a sample of Nepalese schoolchildren 
representing different regions and ethnic groups, as well as belonging to the World 
Health Organization (WHO) indexed age groups (5−6 years, 12 years, and 15 
years). This study also highlights the association of untreated dental caries and its 
severe consequences with sociodemographic factors, oral health-related behaviours, 
anthropometrics, oral health-related quality of life (OHRQoL), and school-related 
information (absenteeism and performance). This study is also a response to the 
WHO’s recommendation to collect basic oral information in all nations every five 
to six years (World Health Organization [WHO], 2013). 
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2 Review of the literature 

2.1 Indices for measuring dental caries and periodontal diseases 

Assessment of oral diseases in epidemiological surveys has been essential for 
tracking the oral health situation around the globe. Dental caries indices, 
particularly DMF (decayed, missed, filled), measure lifetime disease experience, 
whereas its D-component (decayed) indicates present restorative treatment need 
(Klein, Palmer & Knutson, 1938). The DMF/dmf index indicates visually detected 
dental status at the tooth level in both primary and permanent dentitions. It can be 
used at both the individual and population level. The Periodontal index or the 
Community Periodontal Index (CPI) is mainly focused on screening the periodontal 
conditions (gingivitis and periodontal pockets) in a population (Ainamo et al., 1982; 
WHO, 2013). The most common and widely used indices for measuring the 
cariological and periodontal status in epidemiological surveys are the World Health 
Organization (WHO) based criteria D/DMF and CPI. These are also used to 
measure disease occurrence and severity; they also allow comparison between or 
within populations. According to the WHO, radiography is not recommended in 
field studies (WHO, 2013). 

A recently developed PUFA/pufa (pulpitis/ulceration/fistula/abscess) index 
measures per tooth the clinical consequences of untreated dental caries, 
complementing the DMF index (Monse, Heinrich-Weltzien, Benzian, Holmgren & 
van Palenstein Helderman, 2010). The index measures the dental status similarly 
to DMF, the maximum being 20 in primary and 32 in permanent dentition. This 
index measures the progression of odontogenic infections due to untreated dental 
caries. 

2.2 Prevalence of dental caries and periodontal diseases in 
children and adolescents in low- and middle-income Asian 
countries 

It is of utmost importance to have frequent oral health surveillance, as updated 
information is essential to reinforce the public health policies and help in disease 
prevention. For effective surveillance, the WHO recommends conducting clinical 
oral health surveys every five to six years (WHO, 2013). If not prevented or treated, 
dental caries may lead to odontogenic infections, while gingivitis may damage the 
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periodontal tissues, eventually leading to periodontitis (Coventry, Griffiths, Scully 
& Tonetti, 2000). Both diseases are preventable, but if left untreated cause 
infections with an impact on general health. 

The global trend in the occurrence of dental caries and periodontal diseases 
(mainly gingivitis) among children is increasing, particularly in most of the low- 
and middle-income countries (LMICs) and socially disadvantaged communities 
(Petersen, Bourgeois, Ogawa, Estupinan-Day & Ndiaye, 2005; Kassebaum et al., 
2015). About 66 million South Asian children are affected with untreated dental 
caries of deciduous teeth (Kassebaum et al., 2015). The only national pathfinder 
survey in Nepal was conducted in 2004, reporting that the mean of the dt/DT values 
for 5−6-year-olds was 2.6, for 12−13-year-olds 0.4, and for 15−16-year-olds 0.5 
(Yee & Mishra, 2004). The few national surveys or surveys of representative 
samples published between 2010 and January 2019 in the LMICs of Asia showed 
a high prevalence of dental caries among children and adolescents (Table 1). The 
mean pufa/PUFA value among 6-year-old Cambodian children was 2.7, while for 
12−13- and 15−17-year-olds the mean values were 0.9 and 1.1, respectively (Chher, 
Hak, Beltran, Durward & Hobdell, 2016). The mean pufa/PUFA value for 11−13-
year-old Filipino children was 1.15 (Benzian et al., 2011), and 0.21 for 12−15-year-
old Indian schoolchildren of Bangalore city (Murthy, Pramila & Ranganath, 2014). 
For 5−9-year-old children from Dhaka, Bangladesh, pufa+PUFA (>0) was 35.8% 
(Mishu, Tsakos, Heilmann & Watt, 2018). 

The prevalence of gingival bleeding was more than 90% among 11−14-year-
old Indian children (Kumar et al., 2017), about 45% in 5- and 12-year-old Burmese 
(Chu, Chau, Wong, Hui, & Lo, 2012), and more than 85% among the 6- and 12-
year-old Yemeni children (Amran, Alhajj & Al-Rafik, 2016). 
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Table 1. Data available for 2010−2019 on mean dt/DT and mean dmft/DMFT values from 
low- and middle-income Asian countries. 

Country/City Sample description Mean dt/DT Mean 

dmft/DMFT 

Authors 

Age (years) Sample size 

Afghanistan      

Herat 6−7 369  4.88 Schwendicke, Doost, 

Hopfenmüller, Meyer-

Lueckel & Paris, 2015a 

12 300  2.57 

15 390  4.04 

Bangladesh      

Dhaka 5−9 788  2.84 Mishu et al., 2018 

Bhutan      

 6 1393 5.31 5.54 Ngedup & Phurpa, 

2017  12 1511 0.75 0.8 

Cambodia      

 6 375 8.9 9.0 Chher et al., 2016  

 12 272 3.4 3.5 

 15−17 230 3.9 4.2 

China       

Sichuan 

Province 

3−5 3000  3.28 Yin et al., 2017 

12  4000  0.86 

India      

Tamil Nadu 12 23  1.57 Veerasamy, Kirk & 

Gage, 2016 13 224  1.75 

14 529  2.12 

15 198  2.22 

India 

(Sys Rev) 

2−5   2.4 Mehta, 2018 

6−10   2.7 

11−15   1.9 

Laos      

 5−7 109 7.86 8.15 Besseling, Ngonephady 

& van Wijk, 2013  11−12 125 1.46 1.44 

Myanmar      

Kyaing Tong 5 95 0.9 0.9 Chu et al, 2012 

12 80 0.2 0.2 

Pakistan      

Karachi 4 381  2.11 Dawani, Nisar, Khan, 

Syed & Tanweer, 2012  5 437  2.16 

 6 17  3.11  

Palestine       

Gaza Strip 

and West 

Bank 

6 56,355 2.17 2.7 Abuhaloob & Petersen, 

2018 12 56,048 1.07 1.37 

16 68,440 1.15 1.7 
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Country/City Sample description Mean dt/DT Mean 

dmft/DMFT 

Authors 

Age (years) Sample size 

Philippines      

 12  2.58 3.25 Centeno, 2013 

 15−19  3.51 5.29 

Sri Lanka      

Gampajha 2−5 410  1.41 Perera, Abeyweera, 

Fernando, 

Warnakulasuriya & 

Ranathunga, 2012 

Thailand      

 5  3.98 4.37 Jienmaneechotechai, 

Ungchusak, Dalodom, 

Prasertsom & 

Matangkasombut, 2013 

 12  0.55 1.34 

 15  0.89 1.95 

Sakaeo 11−16 984 1.3 1.8 Kaewkamnerdpong & 

Krisdapong, 2018a 

Vietnam       

Ho Chi Minh 10 1079 0.52 1.64 Pham & Nguyen, 2018 

2.3 Oral health-related quality of life (OHRQoL) in children and 
adolescents 

It is known that the clinical indices of oral diseases are not sufficient to describe 
the broader concept of oral health. Locker (1988) suggested a conceptual 
framework for oral health, based on the WHO model for International 
Classification of Impairment, Disabilities and Handicaps. This framework 
incorporates impairment, functional limitation, discomfort, disability, and handicap 
as consequences of oral diseases. Adulyanon and Sheiham (1997) later developed 
a theoretical framework for consequences of oral impacts that was modified from 
the conceptual framework presented by Locker (1988). This modified framework 
incorporated the consequences of oral diseases into three levels; the impairment as 
level one, pain, discomfort, disability, functional limitation and dissatisfaction as 
level two, and ultimate impacts on daily performance (physical, psychological, and 
social) as level three. A multidimensional concept that evaluates the subjective 
components associated with oral health is commonly known as oral health-related 
quality of life (OHRQoL). This concept measures both the functional and 
psychosocial impacts of oral diseases (Sischo & Broder, 2011). OHRQoL can 
demonstrate a wider perspective of oral health outcome at the individual or 
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population level, irrespective of age group (Locker & Allen, 2007). OHRQoL index 
incorporation with clinical measures in epidemiological surveys reflects a complete 
overview of oral health in the targeted group. The population-based oral health 
needs are also evaluated by OHRQoL. At the same time, it can be used as an 
outcome measure to plan and evaluate the effectiveness of health care programmes 
(Sheiham & Tsakos, 2007; Sischo & Broder, 2011). For instance, a longitudinal 
study in South Brazil concluded that children and adolescents showed significant 
improvement in OHRQoL after receiving complete treatment for dental caries 
(Brondani, Emmanuelli, Alves, Soares & Ardenghi, 2018). The adverse impact of 
oral diseases on psychosocial wellbeing among children and adolescents is 
presently a matter of global interest. 

Numerous instruments have been developed and used for OHRQoL. As for 
children, multiple item questionnaires for parents or caretakers as proxy informants, 
or the children themselves as prime informants, are used globally (Thomson & 
Broder, 2018). The Child-Oral Impacts on Daily Performance (Child-OIDP), a 
modified and adapted version of the Oral Impacts on Daily Performance (OIDP) 
index, was developed and tested by Gherunpong and colleagues. It was used to 
investigate OHRQoL among Thai children (11−12-year-olds) (Gherunpong, Tsakos 
& Sheiham, 2004a). A recent comparative study of all the available OHRQoL 
instruments for children and adolescents found that the Child-OIDP index is one of 
the standardized instruments with the highest Evaluating Measures of Patient-
Reported Outcomes (EMPRO) score (Zaror et al., 2019). 

So far, the Child-OIDP index has been adapted and validated for different 
cultures and settings, and used globally (Thomson & Broder, 2018; Zaror et al., 
2019). The adaptation process of existing psychological instruments is complex. 
Adaptation process is considered necessary for comparing between samples from 
different linguistic backgrounds and cultural contexts, rather than developing a new 
one. Furthermore, the validated version of an adapted instrument ensures accurate 
results (Callegaro, Figueiredo & Ruschel, 2012). 

2.4 Anthropometric measures of children and adolescents 

Anthropometric measurements assess body shape, size and composition. 
Anthropometric indices can also be used for assessing body growth and nutritional 
status. This information can be used to determine future health consequences 
related to nutrition. 
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Anthropometric measures include height, weight, body mass index (BMI), 
skinfolds, head circumference, thigh circumference, waist circumference (WaC), 
hip circumference, wrist breadth, elbow breadth, waist-hip ratio (WHR), and waist-
height ratio (WHtR). BMI is used to assess body adiposity based on the height and 
weight of an individual. For assessing abdominal or central obesity, WaC, WHR, 
and WHtR can also be used. These indices simultaneously increase the reliability 
of the assessment of body adiposity. 

For BMI categorization, the WHO (WHO, 2007), International Obesity Task 
Force (IOTF) (Cole & Lobstein, 2012), and Centers for Disease Control and 
Prevention (CDC) (Centers for Disease Control and Prevention [CDC], 2019) 
growth references are widely used, although there are also national or ethnic-
specific growth references. Defining the appropriate reference population and cut-
off values when assessing body composition or nutritional status is a matter of 
debate (de Onis & Lobstein, 2010; Cole & Lobstein, 2012). This is because genetic 
and environmental factors as well as puberty timing and nutritional differences may 
influence body growth. For example, in a study conducted in Sri Lanka, the BMI 
cut-off value for obesity was lower than the IOTF BMI-based obesity cut-off values 
using the same 98th centile (Wickramasinghe, Lamabadusuriya, Cleghorn & Davies, 
2011). In another study conducted among the Taiwanese children, the growth curve 
was found to be much lower compared with the WHO reference curve (Chen & 
Chang, 2010). Furthermore, there is evidence that South Asians have greater central 
adiposity compared to the Western populations (Misra & Khurana, 2011). It is 
therefore recommended to use national growth reference values to avoid 
misclassification of BMI (de Wilde, Dekker & Middelkoop, 2018). 

2.5 Factors associated with dental caries and oral health-related 
quality of life among children and adolescents 

It has been known for decades that dental caries is a multifactorial disease with 
dietary, microbiological, and host-derived etiological components. It is likewise 
known that the manifestation of periodontal disease occurs due to the host response 
to microbial exposure. There is no debate of dental biofilm being one of the most 
important aetiological factors for both dental caries and periodontal diseases. 
However, the development and progression of the disease is dependent on the 
presence of other factors (Chapple et al., 2017). 

Pain or discomfort related to dental caries or infections has an effect on daily 
life and OHRQoL. To be specific, the condition-specified impact of dental caries 
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among Thai 12- and 15-year-olds was 47.7% and 40.7% respectively, which 
accounted for almost half of the overall impact (Krisdapong, Prasertsom, 
Rattanarangsima & Sheiham, 2013a). 

2.5.1 Sociodemographic factors 

Parents have a major influence on children’s development and well-being (National 
Academies of Sciences, Engineering, and Medicine, 2016). They are also 
responsible for looking after children’s health, including oral health. This fails, for 
instance, when children’s teeth become decayed. Low socioeconomic status, and 
low education level of parents are associated with children’s dental caries 
prevalence (Schwendicke et al., 2015b) and gingival bleeding (Sfreddo, Moreira, 
Celeste, Nicolau & Ardenghi, 2018). A systematic review concluded that parental 
educational background, employment, race/ethnicity, and location of residence are 
contributing factors for early childhood caries (ECC) (Hooley, Skouteris, Boganin, 
Satur & Kilpatrick, 2012a). Another systematic review concluded that children of 
parents with a good educational background and from a high socioeconomic 
background had better OHRQoL than their counterparts (Kumar, Kroon & Lalloo, 
2014). 

Irrespective of a country’s economy, socioeconomic status is associated with 
dental caries experience (Schwendicke et al. 2015b). The association between low 
socioeconomic status and high dental caries experience was observed recently in 
studies conducted in high-income countries, i.e., in the Netherlands (van der Tas et 
al., 2017) and Sweden (André Kramer, Pivodic, Hakeberg & Östberg, 2019). The 
latter concluded that the geographic location of residence also influences dental 
caries experiences. 

Oral health is quite often neglected in developing countries, where services 
mainly focus on treatment instead of prevention, and dental services are provided 
only in urban areas (Kandelman, Arpin, Baez, Baehni & Petersen, 2012). 
Socioeconomic factors are also considered important contributing factors for oral 
health inequalities (Watt & Sheiham, 2012). Socioeconomic factors are associated 
with both oral diseases and OHRQoL. For instance, the socioeconomic status 
(family monthly income) was reported to have an intermediary role between oral 
diseases and OHRQoL in Brazilian adolescents (Mohamed & Vettore, 2018). 
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2.5.2 Oral health-related behaviours 

Poor oral hygiene, lack of knowledge on aetiology of oral diseases, easy access to 
refined sugary products, and limited fluoride exposure are considered aetiological 
factors for dental diseases (Thomson, Sheiham & Spencer, 2012; Sheiham & James, 
2015; O’Mullane et al., 2016). 

The trend in daily consumption of foods/drinks with refined sugars is 
increasing (Currie et al., 2012). Daily consumption of foods/drinks with refined 
sugars is also considered a risk factor for dental caries (Sheiham & James, 2015). 
A strong correlation/association between sugar consumption and dental caries 
prevalence has been shown in the literature (Bernabé, Vehkalahti, Sheiham, 
Lundqvist & Suominen, 2016; Hong, Whelton, Douglas & Kang, 2018; Pieper, 
Winter, Heinzel-Gutenbrunner & Margraf-Stiksrud, 2019). High sucrose intake at 
a young age has also been shown to be associated with high prevalence of caries 
later on (Ruottinen et al., 2004). On the other hand, there are opinions questioning 
the role of either the frequency or amount of refined sugars responsible in the 
development or progression of dental caries (van Loveren, 2019). 

The role of fluoride has been crucial in preventing dental caries (O’Mullane et 
al., 2016). The presence of low and sustained concentrations of fluoride in oral 
fluids promotes adsorption of fluoride on the enamel surface to form fluor-apatite 
and fluor-hydroxyapatite crystals inhibiting demineralization caused by oral acids. 
Conversely, this also promotes remineralisation (Buzalaf, Pessan, Honório & ten 
Cate, 2011). Despite the use of topical or systemic fluoride, it is recommended to 
limit free sugar intake to <3% of total energy although <5% can be considered as a 
more realistic goal (Sheiham & James, 2014). 

Regular tooth brushing has been found to reduce dental plaque accumulation 
and consequently gingivitis (Chapple et al., 2015). A supervised tooth brushing 
programme was found to reduce dental caries occurrence (Clark, Page, Larkins, 
Barra & Thomson, 2019). Almost half of the children from Sakaeo, Thailand 
(Kaewkamnerdpong & Krisdapong, 2018a) and those from Vientiane, Laos 
(Phanthavong et al., 2019) reported brushing their teeth twice daily. Also, almost 
half of the children also reported consuming sugary foods or drinks daily in both 
studies (Kaewkamnerdpong & Krisdapong, 2018a, Phanthavong et al., 2019). 
About 90% of the Thai children reported using fluoridated toothpaste 
(Kaewkamnerdpong & Krisdapong, 2018a). In Vietnam, 43% of the 10-year-olds 
reported brushing their teeth once or more often daily, while one in four of the same 
study population reported daily consumption of sugar-sweetened drinks (Pham & 
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Nguyen, 2018). Most of the 5-year-olds (67.3%) from Guangzhou, China were 
reported to brush their teeth only once daily, and half of them had a habit of 
consuming sugary food more than once daily (Qiu, Tao, Zhou, Zhi & Lin, 2016). 
Surprisingly, 93.7% of 5-year-olds, and 38.8% of 12-year-old Burmese children 
from rural areas reported that they had never brushed their teeth (Chu et al., 2012). 

2.5.3 Anthropometric measurements 

There has been growing interest in exploring the relation between oral diseases and 
the body mass index (BMI). Globally, an increasing proportion of children are 
overweight, and there is a high prevalence of both underweight and overweight 
children in South Asia (Abarca-Gómez et al., 2017). As for Nepal, there has been a 
notable increase from 9% to 22% in the proportion of obese and overweight 15−49-
year-old Nepalese women over one decade (Ministry of Health, New ERA & ICF, 
2017). The same survey reported that the proportion of undernourished children 
under 5 years of age has also decreased during the same period, while almost 1% 
of the same age group are overweight. A school-based survey reported that the 
proportions of underweight, overweight and obese Nepalese schoolchildren were 
11%, 7%, and 1%, respectively (Aryal et al., 2017). In these studies, BMI was 
categorized according to the WHO references and categories. 

A systematic review revealed a non-linear association between dental caries 
and BMI (Hooley, Skouteris, Boganin, Satur & Kilpatrick, 2012b). But the finding 
was not confirmed in some recent systematic reviews (Li, Wong, Peng& McGrath, 
2015; Chen et al., 2018). A recent systematic review showed that periodontal 
disease was associated with overweight and obesity among children and 
adolescents (Martens, De Smet, Yusof & Rajasekharan, 2017). 

Predominantly, untreated dental caries and its consequences affect eating or 
chewing food, as well as sleeping and relaxation (Krisdapong et al., 2013a; 
Monsantofils & Bernabe, 2014; Souza, Souza, Noronha, Ferreira & Martins, 2018), 
thereby resulting in impaired growth (Alkarimi, Watt, Pikhart, Sheiham & Tsakos, 
2014). Shim et al. (2018) confirmed these findings by reporting that children with 
high dental caries were likely to have a low body weight and nutritional deficiencies. 
Another study concluded that undernourished children were prone to dental 
developmental disorders and consequently, dental caries (Reyes-Perez et al., 2014). 

It is known that dental caries and obesity have shared risk factors such as 
socioeconomic status, poor dietary habits, and an unhealthy life style (Chi, Luu & 
Chu, 2017) including poor oral hygiene habits (Li, Wong, Gandhi & McGrath, 2018; 
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Virtanen, Muikku, Similä, Cinar & Pohjola, 2019). Based on aforementioned, it is 
not surprising that consumption of foods/drinks with refined sugars is a risk factor 
in common for both dental caries (Sheiham & James, 2015) and obesity (WHO, 
2016). Indeed, obese children from high-income countries are at a higher risk of 
dental caries than children with normal BMI (Chen et al., 2018). 

2.5.4 School-related factors 

Recently, oral diseases have also been linked with the cognitive development of 
children (Rebelo et al., 2019, Ruff et al., 2019). It was found earlier that school 
performance is poorer among those who have experienced toothache (Maharani, 
Adiatman, Rahardjo, Burnside & Pine 2017). Also, the impact on OHRQoL by 
dental caries was associated with poor school performance in Thai children 
(Kaewkamnerdpong & Krisdapong, 2018b). Recent systematic reviews also 
concluded that dental caries was associated with school performance and school 
attendance (Rebelo et al., 2018; Ruff et al., 2019). 

There are two possible pathways between oral diseases and school 
performance. Firstly, chronic pain or infection related to oral diseases increase 
school absenteeism or restrict learning activities, subsequently resulting in poor 
school performance (Krisdapong, Prasertsom, Rattanarangsima & Sheiham, 
2013b). Another pathway is that oral diseases have an impact on the quality of life, 
mainly eating and sleeping, limiting academic activities (Benzian et al., 2011). 
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3 Aims of the study 
The primary aim of this study was to assess the oral health status (dental and 
periodontal) and the oral health-related quality of life (OHRQoL) among Nepalese 
schoolchildren in WHO indexed age groups (5−6-, 12-, and 15-year-olds). 

The specific objectives of this study were as follows: 

1. To adapt and validate the Child-Oral Impact on Daily Performances (Child-
OIDP), an instrument for assessing OHRQoL, for the Nepali language and 
context. 

2. To establish national growth references for the WHO indexed age groups. 
3. To investigate the prevalence of dental caries and consequences related to the 

severity of untreated dental caries as well as the periodontal status. 
4. To study the sociodemographic, oral health-related behavioural and 

anthropometric factors associated with untreated dental caries. 
5. To assess the association between untreated dental caries and its consequences 

and OHRQoL. 
6. To determine the impact of dental caries and OHRQoL on school absenteeism 

and school performance. 

Hypothesis of the study 

1. Child-OIDP is a valid instrument for assessing OHRQoL in the Nepali 
language and context.  

2. The Nepalese growth reference differs from the commonly used international 
IOTF and WHO growth references systems. 

3. School-aged children commonly have untreated dental caries and some with 
severe consequences. Signs of gingivitis are also prevalent. 

4. Dental caries is most prevalent in the youngest age group, those living in urban 
areas, those with poor oral health-related behaviours, and those with high BMI. 

5. Dental caries is associated with poor OHRQoL. 
6. Both dental caries and OHRQoL are associated with high school absenteeism 

and poor school performance. 
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4 Materials and methods 
This thesis comprises five studies, based on data collected in the “School Oral 
Health Project: Nepal”. The project was conducted in two phases: Phase 1 (pre-
pilot and pilot surveys, conducted during the winter 2015), and Phase 2 (national 
survey, conducted during spring and summer 2016) among Nepalese 5−6-, 12-, and 
15-year-old schoolchildren (World Health Organization (WHO) indexed age 
groups).  

The aim of the first study (I) was to adapt and validate the Child-Oral Impacts 
on Daily Performances (Child-OIDP) index, and to validate a structured 
questionnaire on general hygiene practices and oral health-related behaviours in the 
Nepali language. The second study (II) aimed to investigate the prevalence of oral 
diseases and their association with socio-demographic factors. Likewise, the third 
study (III) aimed to establish the national growth reference for Nepalese children. 
For the fourth study (IV), the aim was to assess the severity of untreated dental 
caries and its association with body mass index and anthropometric measures. 
Finally, the fifth study (V) aimed to assess the oral health-related quality of life 
(OHRQoL) and the impact of untreated dental caries on OHRQoL, and their 
association with school absenteeism and school performance. 

4.1 Study population 

4.1.1 Sample sites 

The pre-pilot survey was conducted in a conveniently selected school in the hilly 
region, while the pilot survey was conducted in two conveniently selected schools; 
one represented the Hill and the other the Mountain ecological regions. The 
national study was a population-based cross-sectional study conducted in 18 out of 
75 districts (Figure 1). Based on the stratified random sampling, three districts were 
selected from each developmental region (Eastern, Central, Western, Mid-Western, 
and Far-Western), and those simultaneously represented each ecological region 
(Tarai, Hills, and Mountains) of Nepal. The most densely populated area of Nepal, 
the Kathmandu Valley, which consists of three districts (Kathmandu, Lalitpur, and 
Bhaktapur), was also included in the study.
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4.1.2 Subjects 

The information and number of participants in each study (I–V) are presented in 
Figure 2. The pre-pilot survey was accomplished in a school of the 
Kavrepalanchwok district (n=30, 10 voluntary schoolchildren in each WHO 
indexed age groups). The pilot survey comprised voluntary schoolchildren (n=128) 
of the Kavrepalanchwok and Sindhupalchwok districts.  

Prior to the national study, the list of schools from the Ministry of Education 
was obtained. One to two schools (conveniently selected by the research team) in 
18 districts were contacted. One school refused, and 27 (18 public schools + 9 
private schools) agreed to participate. All children in the targeted age groups as 
well as parents of the youngest age group (5−6-year-olds) were contacted via 
school headmasters requesting participation. All children aged 5−6-years who were 
accompanied by their parents on the day of the survey, were included in the study 
population. Randomization was done for the 12- and 15-year-olds according to the 
sample fraction. The sample fraction was calculated based on the number of 
children that could be examined per day. A maximum of 60 children in the two 
oldest age groups could be examined. Time allotment per child was tested during 
the training sessions. For random sampling, children belonging in the age groups 
of 12 and 15 years were asked to form two separate lines (according to their age) 
in the school assembly ground, freely (irrespective of their name or height or 
student number). If, for instance 120 children were present, every second child was 
selected for participation. Out of 1151, 1137 schoolchildren gave their permission 
to participate in both the survey and clinical examination. Consequently, the total 
study participation rate was 99%. 

No sample size calculations were accomplished for the pre-pilot and pilot 
surveys. For the national survey, the power calculation was done by using the 
G*power software (GPOWER version 3.1, Samsovej 21, 8382 Hinnerup, Denmark) 
with 95% power and using the Mann-Whitney U test between means (difference in 
the number of decayed primary and permanent teeth, d/D = 0.3) with alpha-type 
error at 0.05. After power calculation, a sample size of 1020 (n=340 in each age 
group) was considered sufficient. 
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4.1.3 Sociodemographic factors 

Information on sociodemographic background was collected using a survey form 
(Appendix I). This form included an identification number, date of examination, 
date of birth, age (in years), gender (boy or girl), ecological region (Mountains, 
Hills, and Tarai or lowlands), and developmental region (Eastern, Central, Western, 
Mid-Western, and Far-Western). In addition, location was also recorded based on 
the accessibility to a health care clinic (public or private health centres) with a 
dental office and staff facilities within 10 km from the school (urban or location 
with access to oral health care/rural or location with no access to oral health care). 
This information was confirmed after consulting with the district health office or 
primary health centre. The ethnicity of the study participants was recorded as 
Brahaman, Chhetri, Tarai Madhesi, Dalits, Newars, Janajati, Muslim, and others, 
which was suggested by the Nepal Demographic and Health Survey, 2006 (Lynn, 
Dahal & Govindasamy, 2008). School authorities provided the age, and date of 
birth of each child prior to the study. 

4.2 Questionnaires 

To investigate the oral health-related behaviours, a structured questionnaire was 
used (Appendix II). In addition, a separate questionnaire was also used to assess 
the information on oral health problems in the past three months, and oral health-
related quality of life (Child-OIDP). The Nepali Child-OIDP including the 
questionnaire on oral health-related behaviours was pre-piloted and piloted among 
convenient samples. 

Questionnaires on oral health-related behaviours were filled in by the children 
in the two oldest age groups assisted by the team, and they were further interviewed 
for oral health-related quality of life. Parents of the youngest ones were interviewed 
for both oral health-related behaviours, and oral health-related quality of life. 
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4.2.1 Oral health-related behaviours 

The structured questionnaire on oral health-related behaviours incorporated the 
WHO oral health questionnaire for children (WHO, 2013), and a questionnaire 
developed at the University of Oulu, Finland (Anttonen et al., 2014). The 
questionnaire was focused on oral hygiene practices, dietary habits, and tobacco 
use (for 15-year-olds). The questionnaire was initially edited in English, and later 
translated into the Nepali language. This version was reviewed and tested in the 
pre-pilot study. The revised version was verified by the Principle Investigators (AS, 
and VA) before the pilot study. 

Oral hygiene practices questions focused on tooth brushing frequency 
(never/one time a month/2–3 times a month/one time a week/2–6 times a week/ one 
time a day/twice or more a day), tooth cleaning materials (tooth brush/wooden or 
plastic toothpick/charcoal/meswak (twigs)), toothpaste use (yes/no), and use of 
fluoridated toothpaste (yes/no/don’t know). The questionnaire on dietary habits 
highlighted types of foods and drinks consumed (fresh fruits/sweet bakeries/fizzy 
drinks/chewing gum/sweets/candies/tea with sugar/milk with sugar/coffee with 
sugar), and also included frequency of their intake (never/several times a 
month/one time a month/several times in a week/every day/several times a day). 
For 15-year-olds, an additional questionnaire on use of tobacco (smoking, and 
smokeless) and its frequency (never seldom/several times a week/once in a month/ 
every day/several times a day) was included (Appendix II). 

4.2.2 Oral health-related quality of life 

For measuring the oral health-related quality of life, the Child-Oral Impacts on 
Daily Performances Index (Child-OIDP) was used (Gherunpong et al., 2004a). This 
index also includes the questionnaire on self-reported oral health problems in the 
past three months. The Child-OIDP consisted of eight daily performances. Those 
were eating food, sleeping or relaxing, cleaning the mouth, emotional status, 
smiling, studying, and social contact. Each of them was translated into Nepali so 
that it could be easily understood by all participants. For ease, additional texts were 
also conjugated with each performance. For instance, problems during major meals 
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or while eating hot or cold foods were added to eating food, difficulty in speaking 
or pronouncing words was added to speaking clearly, difficulty during brushing 
teeth or rinsing the mouth was added to cleaning the mouth. Likewise, while 
sleeping during night, lying down or relaxing was added to sleeping problems; 
problems with emotional stability was added to emotional status; while smiling or 
laughing or showing teeth without any embarrassment was added to smiling 
problems; problems in carrying out any school works was added to studying; and 
while playing with friends and going out or roaming with friends was added to 
social contact problems. Those participants who had experienced oral problems in 
the past three months were asked about the impacts on each performance (yes/no). 
Those with a positive answer were further asked about the severity and frequency 
of the reported impacts (Appendix II). 

4.2.3 Adaptation and validation of Child-OIDP (I) 

Before the pre-pilot study for cross-cultural adaptation and validation, an English 
version of the Child-OIDP index was translated into the Nepali language, following 
the forward-backward method and standard protocols as suggested by Guillemin 
and colleagues (Guillemin, Bombardier & Beaton, 1993), and Locker and 
colleagues (Locker et al., 2002). After obtaining the instructions from one of the 
authors of the original instrument (Professor Aubrey Sheiham), the instrument was 
translated into the Nepali language by one paediatric dentist, and one 
periodontologist, separately. They both were Nepali native speakers, and fluent in 
English. Later, the two translators and one member of the research team (SK) 
developed a single consensus version, which was again back translated into English. 
This version was reviewed and verified by the research team. 

The protocol of the pre-pilot study was to interview the parents of 5−6-year-
olds who were not literate, and to have the 12- and 15-year-olds self-administer the 
questionnaires. All the participants including the parents of the 5−6-year-olds were 
given a chance to comment on the questionnaires. Then, identified discrepancies 
were noted, and improved later accordingly. Finally, the improved version was back 
translated into English. This final version was again reviewed and verified by PIs 
before the pilot study. 
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In the pilot study, the parents of the 5−6-year-olds were interviewed face-to-
face in a quiet classroom or office provided by the school authorities. The 12- and 
15-year-old children first completed the self-administered questionnaire on oral 
health-related behaviours in a separate classroom followed by a face-to-face 
interview to investigate the oral health problems in the past three months and the 
Child-OIDP. A member of the research team (SK) recited the questionnaire on oral 
health-related behaviours for 12- and 15-year-olds before answering them, and he 
was also responsible for explaining the questions if they were not understood by 
the respondents. The filled questionnaire was returned to SK, and he also confirmed 
that the returned forms were completed properly. Thereafter, a face-to-face 
interview was conducted for 12- and 15-year-olds. 

During the pilot study, examples were considered necessary to clarify the 
questions and aspects of the Child-OIDP, but no pictures were used. Because no 
discrepancies were noted in the pilot study, the national study followed the study 
protocol of the pilot study. Enumerators were trained according to the final protocol 
on administering the questionnaires. 

4.3 School-related information (V) 

School-related information included data on school absenteeism, and school 
performance. The number of school days missed in the academic year 2014/15 were 
recorded from school registry. In addition, total scores in three core subjects (Nepali, 
English, and Mathematics) from the examination conducted in March 2015 were 
recorded to assess the school performance. Scores were later converted into 
percentage during analyses. The school authorities provided the data on both school 
absenteeism and school performance.  

4.4 Clinical examination 

4.4.1 Oral findings (II, IV, and V) 

A clinical oral examination was conducted according to the guidelines and criteria 
described by the WHO (WHO, 2013). The clinical examinations were performed 
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in the school premises using external Light Emitting Diode (LED) headlights, intra-
oral mirrors, and the WHO Community Periodontal probes. The participants were 
asked to lie down on a bench in a supine position. For the comfort of the participants, 
thin cushions were placed on the bench and examiners seated behind the 
participant’s head. The examiners wore scrub suits, disposable masks, disposable 
gloves, and head-caps during the clinical studies. All the methods and procedures 
for infection control were maintained, and the team members were assigned to 
ensure, disinfection, sterilization, and waste disposal during the entire survey 
period. The enumerators registered the findings on collection sheets when the 
examiner called them out loud. 

Dental status (II, IV, V) 

Dental status was recorded at the tooth level and was based on visual-tactile 
examination without the use of fibre optic trans-illumination (FOTI) or radiography. 
Teeth were neither cleaned professionally nor were they air-dried prior to the 
examination. Each tooth was scored as sound, caries, filled with or without caries, 
missing due to caries, missing for any other reason, or fissure sealant. The scoring 
criteria is given in Table 2. 

Consequences of untreated dental caries (II, IV, V) 

The consequences of untreated dental caries was assessed using the pufa/PUFA 
index (Monse et al., 2010), and a per-tooth score was assigned. Each tooth was 
scored as healthy, pulpitis, ulceration to adjacent soft tissue, fistula, and abscess. 
The scoring criteria of the pufa/PUFA index is given in Table 2. 
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Table 2. Clinical criteria for recording dental status (dt/DT; WHO, 2013) and 
consequences of untreated dental caries (pufa/PUFA; Monse et al., 2010). 

Dental status (dt/DT)  Consequences of untreated dental caries (pufa/PUFA) 

Primary  

dentition 

Permanent 

dentition 

Condition/Status  Primary  

dentition 

Permanent 

dentition 

Condition/Status 

A 0 Sound/healthy  p P Visible pulp involvement 

B 1 Caries present  u U Ulceration due to trauma from 

sharp pieces of tooth is recorded 

when sharp edges of a dislocated 

tooth with pulpal involvement or 

root fragments have caused 

traumatic ulceration of the 

surrounding soft tissues, e.g., 

tongue or buccal mucosa. 

C 2 Filled, with caries  f F Fistula related to a tooth with 

pulpal involvement is present. 

D 3 Filled, no caries  a A Abscess related to a tooth with 

pulpal involvement is present. 

E 4 Missing due to caries     

- 5 Missing due to any 

other reasons 

    

F 6 Fissure sealant     

Grading the severity of untreated dental caries (IV-V) 

For assessing the severity of both untreated dental caries and its consequences 
together, a new index, grading the severity of untreated dental caries (GUDC) was 
created. This index combines both untreated dental caries (dt/DT) and its 
consequences (pufa/PUFA) and consists of four grades that assess the severity of 
manifestations of caries disease (Table 3). To define GUDC, the sum score per 
person of the teeth with untreated dental caries including both primary (dt) and 
permanent (DT) dentition was calculated as dt+DT. Similarly, the sum scores per 
person of the teeth with consequences of untreated dental caries was also calculated 
as pufa+PUFA. The sum score of dt+DT was categorized as healthy (0), moderate 
(1–4), and severe (more than 4). Likewise, the sum score of pufa+PUFA was also 
classified into three categories based on the median value of pufa+PUFA, and 
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proportion of teeth with pufa/PUFA as follows: no infection (0), moderate infection 
(10% or less), and severe infection (more than 10%). The proportions of teeth with 
infection was calculated separately for primary, mixed, and permanent dentitions. 
Finally, the grading was done according to the distribution of both dt+DT, and 
pufa+PUFA (Table 3). 

Table 3. Grading the severity of untreated dental caries (GUDC). 

Dental status Grading the severity of untreated dental caries (GUDC) 

Grade 1  Grade 2  Grade 3  Grade 4 

dt+DT 0  1–4 >4  1–4 >4  1–4 >4 

pufa+PUFA 0  0 0  ≤10% ≤10%  >10% >10% 

Periodontal status (II) 

Gingival health status was assessed by gingival bleeding on probing (BOP) (WHO, 
2013). Bleeding on probing (absent or present) per-tooth was recorded after gently 
inserting the tip of the WHO probe between gingiva and the tooth, following the 
anatomical configuration at six sites (distobuccal, midbuccal, mesiobuccal, 
distolingual, midlingual, and mesiolingual) of all teeth. Apart from gingival 
bleeding, periodontal health status was also examined separately for 15-year-olds 
using the Community Periodontal Index (CPI) (Ainamo et al., 1982; WHO, 2013). 
The highest score for six index teeth (16, 11, 26, 36, 31, and 46) was recorded. The 
scoring criteria for both gingival bleeding and CPI are given in Table 4. 

Table 4. Clinical criteria for periodontal health status (WHO, 2013). 

Gingival bleeding  Community Periodontal Indexa 

0 No bleeding on probing  0 Healthy 

1 Bleeding on probing  1 Gingival bleeding on probing 

X Tooth not present  2 Visual or tactile sensation of calculus 

   3 4 to 5 mm of pocket depth 

   4 6 mm or more pocket depth 

   X Tooth not present 
aCommunity Periodontal Index was assessed only for 15-year-olds. 
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4.4.2 Anthropometric measurements (III-IV) 

Anthropometric indices (height, weight, waist and hip circumference) were 
consecutively measured and recorded following the instructions by the WHO 
(WHO, 1995; WHO, 2011). The height (in centimetres) and weight (in kilograms) 
were measured using a portable stadiometer (Seca®, scea SmbH & Co. KG, 
Hamburg, Germany) and a self-zeroing portable electronic digital scale 
(Rossmax®, Rossman Swiss GmbH, Berneck, Switzerland), respectively. For 
measuring the height and weight, children were asked to stand upright with the 
back of the head, buttocks, and heels touching the stadiometer (without leaning 
backward or forward), and only wearing a light school uniform (shirt, trouser/skirt, 
and undergarments), and no head gear (cap, ribbon, hairpins, etc.). On the same 
occasion, the waist and hip circumference (in centimeters) were also measured 
using an inelastic plastic measuring tape (Prym®, William Prym Holding GmbH, 
Stolberg, Germany). The waist circumference (WaC) was measured at midway 
between the lower ribs and the iliac crest, and the hip circumference (HC) was 
measured around the widest portion of the buttocks. The measuring tape was held 
snugly (without compressing the skin) at a level parallel to the floor. 

The body mass index (BMI) was calculated as kg/m2 (weight divided by the 
square of height). The waist-to-hip ratio (WHR) was calculated by dividing the 
WaC by HC, and the waist-to-height ratio (WHtR) by dividing the WaC by the 
height. 

4.4.3 Training and Calibration of the clinical examiners 

For the clinical oral examination, three Nepalese dentists (including SK) were 
trained and calibrated as per the WHO guidelines (WHO, 2013). Two dental 
hygienists were trained for recording all the findings manually on data-collection 
sheets. The survey team members were also trained to measure and record the 
anthropometric indices during the training sessions. All the training and calibration 
sessions were conducted by the two senior researchers (VA and MLL) who have 
experience in population-based oral health surveys and the validation process. The 
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training included the theoretical sessions followed by the practical sessions during 
April 2016. 

Before the training sessions, the trainees received a detailed manual on Oral 
Health Surveys by WHO (WHO, 2013). In addition to this, lecture sessions 
provided detailed information on each of the clinical parameters, examination 
procedures, and scoring criteria with pictures illustrating each of them. In 
introducing the cariologic examination, International Caries Detection and 
Assessment System (ICDAS) criteria were used to help examiners determine 
between different stages of dental caries (Ismail et al., 2007). However, WHO 
scores instead of ICDAS scores were used. The practical sessions started by 
examining 20 extracted teeth with a variety of carious lesions; after which 
consensus was achieved by discussion on scoring criteria of clinical parameters. 
For periodontal status, examiners were trained on probing force (20 g) using the 
electronic letter scale (Electronic Letter Scale, Art. no 34-9710, Helsinki, Finland). After this session, the trained examiners each did a clinical examination on 15 
schoolchildren (5 from each age group). The trainers (three senior researchers, 
supervisors of the doctoral student SK) rechecked the patients and calibrated the 
examiners by reaching consensus in all aspects of the clinical examination. In brief, 
the training sessions aimed to test and time the planned field phase. To ensure the 
high quality of the clinical examination, the clinical examination training was again 
repeated before the field survey, and again one week later. 

For estimating the concordance between examiners inter- and intra-examiner 
agreement were calculated. Intra-examiner agreement ranged from 0.84 to 0.97 
(estimated in extracted teeth), while the inter-examiner kappa value for dt/DT was 
0.87 and for pufa/PUFA was 0.63 (estimated among five schoolchildren). A senior 
researcher (MLL) acted as the gold standard for both methods. 

4.5 Statistics 

All manually recorded data were transferred into an electronic database for analyses. 
The Statistical Package for Social Sciences (SPSS) software (IMB SPSS Statistics 
for Windows, version 24.0. Armonk, NY: IBM Corp.) was used for the analyses. 
Geo-maps were created using ArcGIS, version 10.5 (Environmental Systems 
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Research Institute, Inc., Redlands, CA, USA) in study II. Furthermore, R version 
3.4.3 (R Development Core Team, Vienna, Austria) was used in study III, and IV 
for the analyses and graphics. The statistical significance level was set at P-value 
≤ 0.05 in all studies.  

4.5.1 Information on sociodemographic factors and oral health-
related behaviours 

Information on sociodemographic background of the study participants are 
presented as proportions, and frequencies stratified by age, gender, location, school 
types, ecological region, developmental region, and ethnicity. Proportions were 
calculated for each age group and gender according to the frequency of oral health-
related behaviours. The difference in proportions between groups were analysed 
using the chi-square test. 

4.5.2 Validation of Child-OIDP, and distribution of impacts on 
OHRQOL 

For the testing, the Nepali Child-OIDP and structured questionnaire on oral health-
related behaviours, validity and reliability tests were done. Face and content 
validity were performed during the translation and adaptation of the questionnaires 
(pre-pilot and pilot studies). Similarly, construct validity was calculated by using 
two proxy measures (perceived pain and perceived restorative treatment need), as 
the gold standard. The Mann-Whitney U-test was used to compare the mean scores 
of proxy measures and overall impact scores. The reliability of the instrument was 
assessed with an inter-item correlation coefficient (Pearson correlation coefficient), 
Cronbach’s alpha coefficient, standardized alpha coefficients, corrected item-total 
correlation, and alpha if item deleted. 

The severity and frequency of the individual impact on daily performance were 
scored on a Likert scale 0 to 3 as given in the original instrument (Gherunpong, 
Tsakos & Sheiham, 2004b). Severity scores were 0 = no impact, 1 = little effect, 2 
= moderate effect and 3 = severe effect and frequency scores were 0 = no impact, 1 
= once or twice a month, 2 = three or more times a month, or once or twice a week, 
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3 = three or more times a week. The impact score on each daily performance was 
calculated by multiplying the severity and frequency that ranged from 0 to 9. The 
overall Child-OIDP impact score was the summation of each impact score on all 
eight daily performances that ranged from 0 to 72. Thereafter, the overall impact 
score was divided by the maximum possible score (72) and multiplied by 100 to 
obtain the impact percentage. The participants were also categorized into six levels 
of impact intensity based on their impact score as: none, very little, little, moderate, 
severe and very severe. The means (SD) and proportions of children with impact 
on daily performance, and overall impact among participants were computed. 
Subsequently, the impact intensities were re-categorized into four levels as none, 
little, moderate, and severe, and the proportions of participants with each intensity 
were calculated. 

4.5.3 Distribution of dental caries and periodontal status 

The means (SD), and prevalence of oral problems (dt+DT, pufa+PUFA, GUDC, 
and BOP) were calculated for each age group and location of the residence. For 15-
year-olds, the means (SD) and prevalence of CPI were also calculated. The chi-
square test was used to analyse the difference in proportions between groups. 
Similarly, the t-test and one-way analysis of variance (ANOVA) were used to 
compare the difference in means between groups. 

4.5.4 Anthropometric measures and their distribution 

The lambda, mu, and sigma (LMS) method was used to construct age- and gender-
specific smoothed centile curves for all anthropometric indices separately for the 
age groups of this study. The LMS method adapts the growth standards by 
assuming the skewness of the distribution into normal after Box-Cox power 
transformation, thereby presenting the changes in distribution into three curves 
which represent skewness (L), median (M), and coefficient of variation (S). Based 
on the pre-specified set of centiles on LMS software (LMS chartmaker Light, 
version 2.54), charts on the 3rd, 10th, 25th, 50th, 75th, 90th, and 97th centiles were 
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constructed. From these LMS values, the corresponding Z-scores were calculated 
for each anthropometric index (Cole, 1990). 

With the help of Receiver Operating Characteristic (ROC) analysis the 
potential cut-off values for the BMI were determined. The International Obesity 
Task Force (IOTF) BMI references equivalent to BMI at the age of 18 years (Cole 
& Lobstein, 2012), and the WHO growth reference for 5−19-year-olds (WHO, 
2007) were used as gold standards for determining the cut-offs for thinness, 
overweight, and obesity among Nepalese schoolchildren. For defining the central 
obesity, the WHR cut-off values defined by the WHO (>0.90 for boys and >0.85 
for girls), and the WHtR cut-off value recommended by the International Diabetes 
Federation (IDF), were considered as gold standards for the respective Nepalese 
indices. The sensitivity and specificity of the measurements were calculated, and 
the Area under the curve (AUC) with 95% confidence interval (95% CI) was 
computed to express the discriminating power of the reference cut-offs. The 
participants were categorized as low, normal, or high BMI (combining overweight 
and obese) using three growth reference systems. (i.e. IOTF, WHO, and Nepalese) 
based on their BMI. The proportion of the low, normal, and high BMI was 
calculated for each age group. The participants were also categorized as normal, or 
obese to assess the central obesity according to the measurements of WaC, WHR, 
and WHtR. The proportion of normal/obese children based on their central obesity 
were calculated and stratified according to their location and gender. The 
differences in proportions between groups were analysed using the chi-square test. 

4.5.5 School-related information 

The percentage of school absenteeism was calculated by the number of school days 
missed divided by the total number of school days and multiplied by 100. The mean 
percentage of school absenteeism was calculated, and the participants were 
categorized as minimum absenteeism (≤13%) vs maximum absenteeism (>13%) 
based on the mean of total school absenteeism. The total percentage of school 
performance was calculated by the sum of scores in three core subjects (Nepali, 
Mathematics, and English) divided by 3 and multiplied by 100. Participants were 
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also categorized into four groups based on their school performance as poor (1–
39.99%), average (40–59.99%), good (60–79.99%), or excellent (≥ 80%). 

The proportion of children based on their school absenteeism, and school 
performance were calculated, and stratified by age, gender, location, school types, 
ecological region, and developmental region. The differences in proportions 
between groups were analysed using the chi-square test. 

4.5.6 Factors associated with dental caries and its severe 
consequences 

A generalized linear mixed model with a binary logistic regression analysis was 
performed to estimate the odds ratio (OR) and 95% confidence interval (95% CI). 
In the model, untreated dental caries (dichotomized) was a dependent variable and 
districts were explanatory variables, where the Kathmandu valley was used as the 
reference category. The model was adjusted for age, gender, and location. The 
sampling units (school) were considered as random effects in each model. The 
sample sites were geo-referenced and geo-maps were created for the risk estimate. 

To study the association between the sociodemographic factors, and oral 
health-related behaviours and untreated dental caries (dt+DT), and consequences 
due to untreated dental caries (pufa+PUFA), a generalized linear mixed model with 
negative binomial distribution was used. Rate ratio (RR) and 95% confidence 
interval (95% CI) was estimated from the model. A generalized linear mixed model 
with binary logistic regression model was also used to investigate the association 
between sociodemographic factors, and oral health-related behaviours and GUDC 
(grade 1 vs grade ≥2). Odds ratio (OR) and 95% confidence interval (95% CI) was 
estimated. For each model, dental status (dt+DT, pufa+PUFA, GUDC) were 
outcome variables and sociodemographic factors (age, gender, location, and school 
types), oral health-related behaviours (tooth brushing frequency, use of toothpaste, 
consumption of sweets, consumption of sweets or candies, and consumption of tea 
with sugar) were explanatory variables. 

 The association between the untreated dental caries (dt+DT), and its 
consequences (pufa+PUFA) and anthropometric measures (BMI, WaC, WHR, and 
WHtR) was investigated using generalized linear mixed model with negative 
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binomial distribution. In addition, rate ratio (RR) and its 95% confidence interval 
(95% CI) was estimated. In the model, the untreated dental caries (dt+DT), and 
consequences due to untreated dental caries (pufa+PUFA) were the dependent 
variables and anthropometric indices were explanatory variables. The association 
between GUDC (grade 1 vs grade ≥2) and BMI (Nepalese references) was studied 
using a generalized linear mixed model with binary logistic regression model, and 
the odds ratio (OR) and 95% confidence interval (95% CI) was estimated. All 
models were adjusted for oral-health related behaviours (tooth brushing frequency, 
use of toothpaste, consumption of sweets, consumption of sweets or candies, and 
consumption of tea with sugar). The sampling units (school) was considered as a 
random effect in each model. 

4.5.7 Factors associated with OHRQoL 

To analyse the factors associated with OHRQoL, the overall Child-OIDP score was 
dichotomized as absence (0) vs presence (≥1) of impact on OHRQoL. Ethnicity 
was recategorized as Brahman/Chhetri, Tarai Madhesi and Muslim, Dalits, or 
Newar and Janajati. Generalized linear mixed models with binary regression 
analyses were performed to estimate the odds ratio (OR) and 95% confidence 
interval (95% CI), using Child-OIDP score (0 vs ≥1) as an outcome variable and 
sociodemographic factors (age, gender, location and ethnicity), untreated dental 
caries (dt+DT, pufa+PUFA, and GUDC), BMI (Nepalese reference), and school 
absenteeism as explanatory variables. Model 1 was adjusted for sociodemographic 
factors and BMI, and model 2 was further adjusted for untreated dental caries 
(dt+DT) and its consequences (pufa+PUFA). Model 3 was adjusted for 
sociodemographic factors, BMI, and GUDC. The sampling units (schools) were 
considered as random effects in each model. 

4.5.8 Factors associated with school-related information 
performance 

To analyse the factors associated with school absenteeism, the participants were 
dichotomized as minimum absenteeism (≤13%) vs maximum absenteeism (>13%) 



 

51 

based on the mean of total school absenteeism. The odds ratio (OR) with 95% 
confidence interval (95% CI) were estimated using unadjusted and adjusted 
generalized linear mixed models with binary regression analysis, separately for 
school absenteeism score as outcome variable and sociodemographic factors (age, 
gender, location and ethnicity), untreated dental caries (dt+DT, pufa+PUFA, and 
GUDC), and Child-OIDP score as explanatory variables. The sampling units 
(schools) were considered as random effects in each model. 

To study the factors associated with school performance, a generalized linear 
mixed model was performed. The regression coefficients (β) with 95% confidence 
intervals (95% CI) was estimated, where school performance percentage was 
considered as an outcome variable, and dental status (dt+DT, pufa+PUFA, GUDC), 
BMI (Nepalese reference), OHRQoL (Child-OIDP score), and school absenteeism 
were considered as explanatory variables. The sampling units (schools) were 
considered as random effects in each model. 

4.6 Ethical Issues 

The Ethical board of the School of Medical Sciences, Kathmandu University, Nepal 
(IRC No. 60/2015) approved the study protocol, and permission was obtained from 
the Northern Ostrobothnia Hospital District (18/2016). Written permission to 
conduct the study was obtained (by SK) from the Ministry of Health (Reference 
number 2/569, 2072/73), and the Ministry of Education (Reference number 235, 
2072/73), Government of Nepal. The district health and education authorities from 
each district gave their permission to conduct the study. The entire study was non-
invasive and in full accordance with the World Medical Association Declaration of 
Helsinki. All the selected schools were contacted before the study through an 
official informative letter explaining the purpose and procedures of the examination. 
The letter also requested the participation of the children of all three age groups 
and the parents of the youngest age group (5−6-year-olds). Furthermore, written 
consent was obtained from the school headmasters, and from the parents of the 
youngest age group (5−6-year-olds), while verbal consent was obtained and 
recorded from the two oldest age groups (12-and 15-year-olds). 
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5 Results 

5.1 Sociodemographic information (II) 

In total 1137 schoolchildren participated in this study. The study sample was 
slightly dominated by schoolchildren living in the Hilly ecological region (48.2%) 
and those belonging to the Brahman/Chhetri (48.7%) ethnic group (Table 5). 

Table 5. Sociodemographic information of the study participants. 

Characteristics  Developmental Regions (%) p-value 

Eastern 

(n=233) 

Central 

(n=283) 

Western 

(n=223) 

Mid-western 

(n=156) 

Far-western 

(n=242) 

Age group        

5−6-year-olds (n=340) 23.2 28.6 29.6 37.8 33.1 0.011 

12-year-olds (n=414) 38.6 32.5 37.7 39.7 35.5 

15-year-olds (n=383) 38.2 38.9 19.1 9.1 19.8 

Gender       

Boys (n=597) 51.1 46.6 57.4 44.9 61.2 0.002 

Girls (n=540) 48.9 53.4 42.6 55.1 38.8 

Location        

Urban (n=606) 56.2 84.1 47.1 47.4 24.0 <0.001 

Rural (n=531) 43.8 15.9 52.9 52.6 76.0 

School type        

Public (n=691) 60.1 70.7 36.3 69.2 66.9 <0.001 

Private (n=446) 39.9 29.3 63.7 30.8 33.1 

Ecological regions        

Mountain (n=360) 30.0 19.1 37.7 53.2 28.5 <0.001 

Hilly (n=549) 53.6 65.0 35.9 28.8 47.5 

Tarai (n=228) 16.3 15.9 26.5 17.9 24.0 

Ethnic group        

Brahman/Chhteri 

(n=554) 

25.8 44.2 39.5 52.6 82.2 <0.001 

Tarai Madhesi (n=56) 3.9 12.7 0.9 2.6 2.1 

Dalit (n=105) 8.6 7.4 11.2 7.7 11.2 

Newar (n=72) 10.7 13.8 3.6 0.0 0.0 

Janajati (n=326) 50.6 21.9 44.8 22.4 4.5 

Muslim (n=24) 0.4 0.0 0.0 14.7 0.0 
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5.2 Oral health-related behaviours (IV) 

5.2.1 Oral hygiene practices 

The majority of the participants (66.4%) had a habit of tooth brushing once daily 
(Table 6). The 12-year-olds reported brushing teeth more often than the others (27.6% 
had a habit of brushing teeth twice or more daily). Almost all of the participants 
reported using toothpaste, while 91% of the participants did not know if their 
toothpaste contained fluoride. 

Table 6. Distribution of study samples according to the oral hygiene practices stratified 
with age group, and gender. 

Characteristics of 

tooth 

brushing/cleaning 

5−6-year-olds (%) 12-year-olds (%) 15-year-olds (%)  p-valueb 

Boys  Girls p-valuea Boys  Girls p-valuea Boys  Girls p-valuea   

Material              

Toothbrush 96.7 95.9 0.734 99.1 99.5 0.600 99.5 99.4 0.902  0.001c 

Charcoal 2.5 2.5 0.992 10.8 5.5 0.050c 9.6 7.4 0.447  0.007c 

Miswak 

(twigs) 

0.8 4.1 0.098 7.5 7.5 0.996 15.4 10.9 0.015c  <0.001d 

Frequency             

Twice or more 

daily 

8.3 4.1 0.309 24.9 30.5 0.036 c 17.8 25.1 0.035c  <0.001d 

Once daily 63.6 62.0 62.0 63.5 73.1 72.0  

Several times 

in a week 

28.1 33.9 13.1 6.0 9.1 2.9  

Use of toothpaste            

Yes 95.9 95.0 0.758 99.5 99.0 0.586 99.0 100.0 0.193  <0.001 

No 4.1 5.0  0.5 1.0  1 0.0    

Use of fluoridated 

toothpaste 

           

Yes 12.4 6.6 0.232 4.7 10.5 0.056 8.2 4.6 0.205  0.001 

No  5.0 3.3 1.4 0.5 0.0 0.6  

Don’t know 82.6 90.1 93.9 89.0 91.8 94.9  
adifference between gender; bdifference between age groups. 
cp≤0.05, dp<0.001. 
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5.2.2 Dietary habits and tobacco use 

The youngest schoolchildren (5−6-year-olds) consumed sweet bakery products, 
and sweets or candies more often than the older ones (Table 7). In all age groups, 
girls consumed more sweets or candies than the boys. The 15-year-old boys used 
tobacco products more often than the girls of the same age group. 

5.3 Oral health-related quality of life (OHRQoL) (I and V) 

5.3.1 Adaptation and validation of the Nepali Child-OIDP index 

The Pearson correlation coefficient showed excellent validity of the Nepali Child-
oral impact on daily performances (Child-OIDP) with no negative correlation 
between any daily performances (correlation coefficient varied between 0.08 to 
0.48). Likewise, Nepali Child-OIDP also showed excellent reliability (Cronbach’s 
alpha coefficient of 0.71). Nepali Child-OIDP score was significantly higher among 
those with perceived dental pain or restorative treatment need (p<0.001). 

5.3.2 Distribution of Child-OIDP score and overall impact on 
OHRQoL 

Two-fifths (39.3%) of the participants reported having impact on their daily 
performances due to oral problems in past three months. The proportion was the 
highest for eating food (34%), followed by cleaning the mouth and sleeping. The 
mean (SD) Child-OIDP score was 2.39 (4.98). Almost 20% of the participants 
reported worse overall Child-OIDP score (Figure 3). 
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Table 7. Distribution of study samples according to the dietary habits and tobacco use 
stratified with age group, and gender. 

Characteristics  5−6-year-olds (%) 12-year-olds (%)  15-year-olds (%) p-

valueb 

Boys  Girls p-valuea Boys Girls p-valuea  Boys  Girls p-

valuea 

 

Sweet bakery 

products 

            

Once or more 

daily 

48.8 44.6 0.044c 22.5 21.0 0.439  22.6 33.7 0.032c <0.001
d 

Several times in 

a week 

33.1 24.0 21.1 26.5  29.3 29.1 

Several times in 

a month 

18.2 31.4 56.3 52.5  48.1 37.1 

Sweet or candies            

Once or more 

daily 

34.7 42.1 0.121 30.0 35.7 0.232  27.4 41.1 0.017c 0.036c 

Several times in 

a week 

32.2 20.7 23.0 25.6  34.1 29.1 

Several times in 

a month 

33.1 37.2 47.0 38.7  38.5 29.7 

Tea with sugar            

Once or more 

daily 

61.2 64.5 0.245 55.4 51.5 0.616  62.0 65.1 0.726 0.035c 

Several times in 

a week 

10.7 5.0 12.2 11.5  10.1 8.0 

Several times in 

a month 

28.1 30.6 32.4 37.0  27.9 26.9 

Smoking tobacco            

Never         85.6 98.3 <0.001
d 

 

Occasional         16.4 1.7  

Smokeless tobacco            

Never         88.5 97.1 0.001c  

Occasional         11.5 2.9  
adifference between gender; bdifference between age groups. 
cp≤0.05, dp<0.001. 
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5.4 School-related information (V) 

5.4.1 School absenteeism 

Children studying in the public schools and living in rural areas, or the Far-western 
developmental region were more frequently absent from school than the others 
(Table 8).  

5.4.2 School performance 

The proportion of children with poor school performance was high among those 
studying in public schools (Table 8). Likewise, the 15-year-olds also had poorer 
school performance than the younger ones. A high proportion of children from Tarai 
or the Western developmental region had excellent performance compared to other 
ecological or developmental regions. 

Table 8. Proportion of participants with school absenteeism and school performance, 
stratified by sociodemographic factors. 

Characteristics  School absenteeism (%)  School performance (%) 

Minimum 

absenteeism 

Maximum 

absenteeism 

p-value  Poor Average Good Excellent p-value 

Age group           

5−6-year-olds 48.8 51.2 0.110  2.9 14.7 42.2 40.2 <0.001a 

12-year-olds  55.5 44.5  13.2 41.1 34.7 11.0 

15-year-olds  58.0 42.0  20.3 55.8 16.1 7.8 

Gender          

Boys 54.0 46.0 0.569  12.1 40.6 31.7 15.6 0.216 

Girls  55.9 44.1  15.4 41.5 26.3 16.8 

Location          

Urban  68.2 31.8 <0.001a  15.3 31.3 32.8 20.6 <0.001a 

Rural  36.9 63.1  11.7 53.4 24.5 10.4 

School type           

Public 38.4 61.6 <0.001a  21.8 52.6 22.4 3.2 <0.001a 

Private  78.0 20.2  1.6 23.9 39.3 35.3 

Ecological region           

Mountain  53.5 46.5 0.854  17.8 56.2 19.4 6.6 <0.001a 

Hilly  55.7 44.3  6.7 40.3 33.7 19.2 

Tarai  54.6 45.4  25.9 22.2 20.7 21.2 
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Characteristics  School absenteeism (%)  School performance (%) 

Minimum 

absenteeism 

Maximum 

absenteeism 

p-value  Poor Average Good Excellent p-value 

Developmental 

region  

Eastern 46.6 53.4 <0.001a  18.8 47.6 22.6 11.1 <0.001a 

Central 80.4 19.6  22.1 40.0 24.2 13.8 

Western 64.6 35.4  1.7 26.8 43.0 28.5 

Mid-western 47.9 52.1  6.9 41.6 43.6 7.9 

Far-western  27.3 72.7  12.5 47.6 22.6 17.3 

Total 54.9 45.1 -  13.7 41.0 29.2 16.1 - 

Poor: 1–39.99%; Average: 40–59.99%; Good: 60–79.99%; and Excellent: ≥ 80%. 

Minimum absenteeism: ≤13% absent of total school days; Maximum absenteeism: >13% absent of total 

school days. 
ap<0.001. 

5.5 Dental caries and periodontal status (II, IV and V) 

Among the study participants, the proportion of those who had dental caries 
experience (dt+DT>0) was 68.8%, the mean figure for dt/DT being 2.86 (SD 3.72) 
(Table 9, Table 10). The respective figures for pufa+PUFA were 26.8% and 0.59 
(1.30). Among the entire study population, 7.8% of the participants had most severe 
grades of the grading the severity of untreated dental caries (GUDC, grade 4). The 
prevalence of gingival bleeding (BOP >15%) among the entire study participants 
was 96.9%. 

Among 5−6-year-olds, the prevalence of dental caries needing restorative care 
(dt+DT) was 78.8%, and its severe consequences (pufa+PUFA) was 47.1%. It was 
higher among the 5−6-year-olds than the other age groups. Also, GUDC grade 4 
was higher among 5−6-year olds (20.9%) than the other age groups. The proportion 
of those with untreated dental caries and its severe consequences was higher among 
those living in the rural area compare to those living in the urban areas in all age 
groups (Table 9). Among the 5−6-year-olds, those studying in private schools had 
more need for restorative treatment compared to those studying in public schools 
(Table 10). On the other hand, the proportion of those with BOP>15% was lower 
in private (93.7%) compared to public (99.0%) schools in all age groups. The same 
was true for urban areas (95.0%) compared to the rural ones (99.1%). 
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Table 9. Distribution (%) of dental caries, severe consequences of untreated dental 
caries, grades of GUDC, gingival bleeding, and CPI score stratified with age groups, 
and location. 

Characteristics  5−6-year-olds  12-year-olds 15-year-olds  p-valueb 

Urban Rural p-valuea  Urban Rural p-valuea Urban Rural p-

valuea 

  

Dental status             

dt+DT>0 77.5 80.2 0.530  61.7 71.5 0.035c 60.7 64.6 0.435  <0.001d 

pufa+PUFA>0 45.1 49.1 0.458  19.2 20.0 0.829 15.5 18.3 0.473  <0.001d 

GUDC             

Grade 1 22.5 19.8 0.424  38.3 28.5 0.182 39.3 35.4 0.591  <0.001d 

Grade 2 32.4 31.1  42.5 51.2 45.2 46.3  

Grade 3 27.7 24.6  16.4 17.5 13.2 17.1  

Grade 4 17.3 24.6  2.8 2.5 2.3 1.2  

Periodontal status 

BOP >15% 93.1 96.4 0.089  91.1 98.5 <0.001d 97.3 98.8 0.192  0.099 

CPI score             

Score 1        17.4 22.6 0.061   

Score 2        76.7 66.5   

Score 3        5.9 11.0   
adifference between locations. 
bdifference between age groups. 
cp≤0.05, dp<0.001. 

Table 10. Mean and standard deviation (SD) values of dental caries (dt+DT), severe 
consequences of untreated dental caries (pufa+PUFA), and gingival bleeding (BOP) 
stratified with age groups and school types. 

Characteristics  5−6-year-olds  12-year-olds  15-year-olds 

Public Private p-valuea  Public Private p-valuea  Public Private p-valuea 

Dental status            

dt+DT 4.11 

(3.76) 

5.79 

(4.49) 

<0.001d  2.01 

(2.28) 

1.80 

(1.82) 

0.334  1.97 

(2.38) 

1.77 

(2.09) 

0.427 

pufa+PUFA 1.05 

(1.59) 

1.50 

(2.14) 

0.029c  0.28 

(0.70) 

0.37 

(0.90) 

0.263  0.27 

(0.76) 

0.29 

(0.72) 

0.871 

Gingival 

bleeding 

           

BOP  14.65 

(5.34) 

13.08 

(5.24) 

0.007c  18.57 

(5.69) 

14.69 

(7.47) 

<0.001d  20.64 

(6.56) 

18.11 

(7.01) 

<0.001d 

adifference between school types. 
cp≤0.05, dp<0.001. 
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5.6 Anthropometric measurements (III and IV) 

5.6.1 National growth references 

The proposed Nepalese BMI cut-off values had a high discriminating power to 
determine thinness, overweight, and obesity using two international gold standards, 
the International Obesity Task Force (IOTF), and World Health Organization 
(WHO) growth references. The area under the curve (AUC) was also high for each 
of the BMI categories (Table 11). The proposed Nepalese BMI cut-off values for 
underweight was -1.2 SD/12th percentile, for overweight +1.2 SDS/88th percentile, 
and for obesity +2.1 SDS/98th percentile (Table 3, III). 

Table 11. Receiver Operating Characteristics (ROC) analysis to determine the 
appropriate BMI cut-off values for thinness, overweight, and obesity according to 
Nepalese BMI reference system. 

Characterist

ics 

Thinness Overweight Obesity 

IOTF WHO IOTF WHO IOTF WHO 

Sensitivity 86.2 73.9 100 100 100 100 

Specificity 99.5 98.2 96.6 93.4 99.1 98.6 

AUC  

(95% CI) 

0.997  

(0.995,0.999) 

0.997  

(0.996,0.999) 

0.996  

(0.993,0.998)

0.997 

 (0.995,0.999)

0.999  

(0.998,1.000) 

0.999 

 (0.998-1.000) 

AUC (95% CI), Area under the curve (95% confidence interval). 

5.6.2 Prevalence of low, normal, and high body mass index 

Most of the participants had a normal BMI irrespective of the growth reference 
used. The IOTF reference criteria determined the high prevalence of low BMI, 
when all three growth references (the IOTF, WHO, and Nepalese) were applied 
(Figure 4). Proportion of overweight and obese was higher among the children 
belonging to the Newar and Janajati ethnic groups than others, while the proportion 
of underweight was higher among the children belonging to the Muslim ethnic 
group than others. Proportion of overweight and obese was also high among those 
living in the Kathmandu Valley, and Mustang district compared to those living in 
other districts. 
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5.6.3 Prevalence of central obesity 

One-third (33.2%) of the study participants had WHR more than 0.50 indicating 
central obesity. The proportion of centrally obese children studying in private 
schools (WHR 39.2% and WHtR 13.0%) was higher compared to those in public 
schools (WHR 29.4% and WHtR 6.5%) (Table 12).  

Table 12. Prevalence of central obesity stratified by gender, and school types. 

Anthropometric 

measures  

Gender  School types 

Boys Girls p-value  Public Private p-value 

Waist 

circumference 

       

Normal 90.8 89.8 0.580  92.9 86.3 <0.001b 

Obese 9.2 10.2  7.1 13.7 

Waist-to-hip 

ratio (WHR) 

       

Normal 69.8 63.3 0.020a  70.6 60.8 0.001a 

Obese 30.2 36.7  29.4 39.2 

Waist-to-height 

ratio (WHtR) 

       

Normal 90.1 91.9 0.309  93.5 87.0 <0.001b 

Obese 9.9 8.1  6.5 13.0 

Waist circumference: obese >90th percentile. 

Waist-to-hip ratio: obese > 0.90 (boys), >0.85 (girls). 

Waist-to-height ratio: obese > 0.50. 
ap≤0.05, bp<0.001. 

5.7 Factors associated with dental caries, and its severe 
consequences 

5.7.1 Sociodemographic factors 

Restorative treatment need were high among children living inside the Kathmandu 
valley (Kathmandu, Lalitpur, and Bhaktapur districts) compared to those living 
outside (Figure 5). The same was true among children living in the mountain and 
hilly regions compared to those living in the Tarai (Table 13). Children belonging 
to the youngest age group had higher dental caries indices than the 15-year-olds. 
This was true in regard with pufa+PUFA scores (Table 13). Indices indicating 
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restorative treatment need (dt/DT) were similar to those indicating both present 
treatment need and treatment history (dmf/DMF). 

Fig. 5. Geo-map showing the association between restorative treatment need (dt+DT) 
and place of residence. 

5.7.2 Oral health-related behaviours 

The result from the adjusted generalized linear mixed model revealed that 
consuming sweets or candies once or more daily was associated with high dental 
caries and its severe consequences (pufa/PUFA), and GUDC (Table 13). 
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Table 13. Association between dental caries, and its severe consequences with socio-
demographic factors, and oral health-related behaviours. 

Explanatory factors dt+DT 

RR (95% CI)a 

pufa+PUFA 

RR (95% CI)a 

GUDC ≥ Grade 2 

OR (95% CI)b 

Age group     

5−6-year-olds 2.74 (2.28,3.29)d 2.32 (1.72,3.14)d 3.99 (2.54,6.27)d 

12-year-olds  1.01 (0.86,1.19) 2.06 (0.82,1.399 1.23 (0.90,1.68) 

15-year-olds  1 1 1 

Gender    

Boys 1.07 (0.93,1.22) 0.96 (0.76,1.20) 0.95 (0.71,1.27) 

Girls  1 1 1 

Location     

Urban  0.85 (0.71,1.01) 0.88 (0.65,1.18) 0.99 (0.54,1.73) 

Rural  1 1 1 

School type     

Private 1.01 (0.87,1.17) 1.09 (0.85,1.40) 0.83 (0.52,1.35) 

Public 1 1 1 

Ecological region     

Mountain  1.76 (1.38,2.25)d 1.22 (0.82,1.82) 2.31 (1.06,5.01)c 

Hilly  1.41 (1.16,1.72)c 0.93 (0.68,1.28) 2.33 (1.24,4.35)c 

Tarai  1 1 1 

Tooth brushing frequency     

Once daily 1.01 (0.76,1.25) 1.14 (0.76,1.75) 1.13 (0.67,1.91) 

Several times in a week 1.02 (0.83,1.25) 1.17 (0.89,1.63) 1.37 (0.87,2.17) 

Twice or more daily 1 1 1 

Use of toothpaste    

No 1.03 (0.61.1.73) 1.52 (0.68-3.47) 0.65 (0.20,2.01) 

Yes 1 1 1 

Sweet bakery products    

Once or more daily 0.94 (0.79,1.12) 0.99 (0.74,1.31) 0.82 (0.66,1.01) 

Several times in a week 0.98 (0.83,1.16) 1.03 (0.78,1.37) 0.83 (0.69,1.10) 

Several times in a month 1 1 1 
 

 

 

 

 

 

 

 

 

 



 

66 

Explanatory factors dt+DT 

RR (95% CI)a 

pufa+PUFA 

RR (95% CI)a 

GUDC ≥ Grade 2 

OR (95% CI)b 

Sweet or candies    

Once or more daily 1.28 (1.08,1.51)c 1.24 (0.94,1.64) 1.63 (1.14,2.33)c 

Several times in a week 1.13 (0.95,1.34) 1.26 (0.95,1.68) 1.39 (0.97,1.98) 

Several times in a month 1 1 1 

Tea with sugar    

Once or more daily 1.12 (0.95,1.31) 1.28 (0.98,1.67) 1.24 (0.89,1.73) 

Several times in a week 1.16 (0.90,1.48) 1.01 (0.66,1.53) 1.14 (0.68,1.90) 

Several times in a month 1 1 1 
a Generalized linear mixed model with negative binomial distribution.  
b Generalized linear mixed model with binary logistic regression.  

RR (95% CI): Rate ratio (95% confidence interval).  

OR (95% CI): Odds ratio (95% confidence interval). 
cp≤0.05, dp<0.001. 

Models adjusted for sociodemographic factors (age, gender, and location,), frequency of tooth brushing, 

use of toothpaste, and dietary habits (consumption of sweet bakery products, sweets or candies, and tea 

with sugar). 

5.7.3 Anthropometric measurements 

Using the Nepalese growth reference, untreated dental caries (dt+DT) was 
associated with overweight among the 5−6-year-old children (Table 14). In the 
same age group, the estimates of risk for dental caries and its consequences among 
underweight, overweight, and obese children were higher compared to the normal 
BMI group. For 12-year-olds, being obese was a protective factor for dental caries 
when children were categorized using the Nepalese growth reference. Despite 
being statistically not significant, severe grades of the GUDC were associated with 
BMI categories, and estimates of the underweight, overweight, and obesity were 
higher than normal BMI group (data not shown). 

When children were categorized based on their WHR, those with central 
obesity had a higher prevalence of untreated dental caries (dt+DT) and its 
consequences (pufa+PUFA) (Table 15). Also, those with central obesity according 
to the WHtR had more untreated dental caries (dt+DT) than those with normal 
WHtR. 
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5.8 Factors associated with OHRQoL (V) 

The 15-year-olds children had poor OHRQoL compared to the other age groups 
(Table 16). Higher untreated dental caries (dt+DT) and its severe consequences 
(high pufa+PUFA or GUDC) were associated with poor OHRQoL. Body mass 
index (according to the Nepalese growth reference) was not associated with 
OHRQoL. 

Table 16. Association between OHRQoL (Child-OIDP score ≥ 1) and socio-demographic 
factors, body mass index, and untreated dental caries and its severe consequences. 

Explanatory factors Model 1  

OR (95% CI) 

Model 2 

OR (95% CI) 

Model 3 

OR (95% CI) 

Age group     

5−6-year-olds 0.67 (0.46,0.97)a 0.23 (0.15,0.38)b 0.26 (0.17,0.41)b 

12-year-olds  0.94 (0.69,1.27) 0.91 (0.67,1.25) 0.85 (0.62,1.18) 

15-year-olds  1 1 1 

Gender    

Boys 0.93 (0.70,1.22) 0.90 (0.67,1.21) 0.93 (0.69,1.25) 

Girls  1 1 1 

Location     

Urban  1.79 (0.79,4.02) 1.78 (0.72,4.34) 1.90 (0.76,4.76) 

Rural  1 1 1 

Ecological regions     

Mountain  1.45 (0.48,4.39) 1.07 (0.32,3.64) 1.07 (0.31,3.74) 

Hilly  1.13 (0.46,2.73) 1.01 (0.38,2.68) 0.90 (0.33,2.47) 

Tarai  1 1 1 

Ethnicity     

Brahman/Chhetri 0.81 (0.57,1.16) 0.79 (0.55,1.17) 0.79 (0.54,1.17) 

Tarai Madhesi & Muslim 0.69 (0.34,1.38) 0.77 (0.37,1.61) 0.70 (0.33,1.49) 

Dalit 1.07 (0.65,1.76) 1.24 (0.73,1.12) 1.37 (0.79,2.35) 

Janajati & Newar 1 1 1 

Body mass index    

Low 0.95 (0.63,1.41) 0.83 (0.55,1.28) 0.84 (0.55,1.30) 

High  0.91 (0.56,1.46) 0.87 (0.53,1.45) 0.88 (0.53,1.46) 

Normal 1 1 1 

dt+DT - 1.13 (1.06,1.21)b - 

pufa+PUFA - 1.62 (1.35,1.94)b - 
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Explanatory factors Model 1  

OR (95% CI) 

Model 2 

OR (95% CI) 

Model 3 

OR (95% CI) 

GUDC    

Grade 1 - - 0.05 (0.02,0.09)b 

Grade 2 - - 0.12 (0.06,0.23)b 

Grade 3 - - 0.37 (0.19,0.73)a 

Grade 4 - - 1 

OR (95% CI); Odds ratio (95% confidence interval). 
ap≤0.05, bp<0.001. 

Model 1 adjusted for sociodemographic factors (age, gender, location, ecological region, and ethnicity), 

body mass index; model 2 further adjusted for dental caries and its severe consequences; Model 3 

adjusted for sociodemographic factors, body mass index, and grading of the severity of untreated dental 

caries; model 4 adjusted for sociodemographic factors, body mass index, untreated dental caries and its 

severe consequences, and school absenteeism. 

5.9 Factors associated with school-related information (V) 

5.9.1 Factors associated with school absenteeism 

Untreated dental caries and its consequences were associated with high school 
absenteeism (Table 17). 

Table 17. Association between school absenteeism and untreated dental caries and its 
severe consequences, and OHRQoL. 

Explanatory Factors Model 1 

OR (95%CI) 

Model 2 

AOR (95% CI) 

Model 3 

AOR (95%CI) 

Age group     

5−6-year-olds - 5.02 (2.51,10.05)b 6.39 (3.37,12.11)b 

12-year-olds  - 1.12 (0.69,1.83) 1.13 (0.69,1.84) 

15-year-olds  - 1 1 

Gender    

Boys - 1.05 (0.69,1.60) 1.07 (0.70,1.62) 

Girls  - 1 1 

Location     

Urban  - 0.04 (0.01,0.57)a 0.05 (0.01,0.59)a 

Rural  - 1 1 

Ecological regions     

Mountain  - 0.05 (0.01,1.29) 0.05 (0.01,1.36) 

Hilly  - 0.20 (0.01,3.15) 0.21 (0.01,3.24) 

Tarai  - 1 1 
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Explanatory Factors Model 1 

OR (95%CI) 

Model 2 

AOR (95% CI) 

Model 3 

AOR (95%CI) 

Ethnicity     

Brahman/Chhetri - 1.31 (0.76,2.27) 1.75 (0.74,2.18) 

Tarai Madhesi & Muslim - 3.78 (1.24,11.45)a 3.45 (1.14,10.46)a 

Dalit - 1.04 (0.45,2.39) 0.96 (0.42,2.22) 

Janajati & Newar - 1 1 

dt+DT 1.15 (1.08,1.22)b 1.09 (1.03,1.22)a - 

pufa+PUFA 1.18 (1.02,1.36)a 0.94 (0.71,1.05) - 

Child-OIDP score 1.01 (0.97,1.05) 1.02 (0.97,1.06) 1.02 (0.97,1.06) 

GUDCc 1.49 (0.97,2.27) - 1.07 (0.66,1.74) 

OR (95% CI); Odds ratio (95% confidence interval). 

AOR (95% CI); Adjusted odds ratio (95% confidence interval). 
ap≤0.05, bp<0.001. 
cGrading the severity of untreated dental caries. Grade 1 is the reference group. 

Model 1 unadjusted model; model 2 adjusted for sociodemographic factors (age, gender, location, 

ecological region, and ethnicity), untreated dental caries and its severe consequences, and Child-OIDP 

score; model 3 adjusted for GUDC, and Child-OIDP score. 

5.9.2 Factors associated with school performance 

High school absenteeism was inversely associated with school performance, but 
there was no significant association between untreated dental caries and its severe 
consequences and school performance (Table 18). It was found that GUDC (grade 
≥2), BMI (both low and high), and high Child-OIDP score were all associated with 
school performance. 
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Table 18. Association between school performance and untreated dental caries and its 
severe consequences, body mass index, Child-OIDP score, and school absenteeism. 

Explanatory Factors Model 1 

β(95% CI) 

Model 2 

β(95% CI) 

Model 3 

β(95% CI) 

Model 4 

β(95% CI) 

Age group      

5−6-year-olds 16.90 (14.28,19.54)d 15.26 

(12.31,18.22)d 

16.88 (13.87,19.88)d 17.64 

(14.88,20.39)d 

12-year-olds  5.52 (3.63,7.41)d 5.54 (3.64,7.44)d 5.77 (3.84,7.68)d 5.87 (3.96, 7.79)d 

15-year-olds  1 1 1 1 

Gender     

Boys -0.45 (-2.14,1.25) -0.33 (-2.08,1.42) -0.07 (-1.70,1.84) -0.02 (-1.79,1.75) 

Girls  1 1 1 1 

Location      

Urban  5.21 (-6.17,16.58) 5.06 (-6.51,16.62) 2.33 (-8.87, 13.54) 2.39 (-8.85,13.64) 

Rural  1 1 1 1 

Ecological regions      

Mountain  1.94 (-13.18,17.07) 1.71 (-

13.65,17.06) 

-3.07 (-17.99,11.85) -2.74 (-

17.71,12.22) 

Hilly  3.90 (-8.56,16.35) 3.70 (-8.95,16.34) 1.27 (10.98,13.52) 1.52 (-10.77,13.81) 

Tarai  1 1 1 1 

Ethnicity      

Brahman/Chhetri 1.20 (-1.17,3.56) 1.37 (-1.05,3.78) 1.48 (-0.98,3.93) 1.47 (-0.98,3.92) 

Tarai Madhesi & 

Muslim 

-5.20 (-9.88,-0.53)c -4.72 (-9.42,-

0.02)c 

-2.62 (-7.37,2.13) -2.64 (-7.37,2.10) 

Dalit -3.22 (-6.54,0.11) -2.84 (-6.25,0.57) -2.47 (-5.92,0.98) -2.68 (-6.12,0.75) 

Janajati & Newar 1 1 1 1 

Body mass indexa     

Low -0.06 (-2.55,2.44) 0.22 (-2.33,2.77) -0.28 (-2.84,2.27) -0.20 (-2.74,2.35) 

High -0.16 (-3.18,2.87) -0.26 (-3.35,2.84) -0.37 (-3.45,2.71) -0.34 (-3.42,2.70) 

dt+DT 0.08 (-0.30,0.47) 0.06 (-0.34,0.47) 0.02 (-0.39,0.43) - 

pufa+PUFA -0.25 (-1.16,0.65) 0.10 (-0.87,1.08) 0.32 (-0.66,1.30) - 

Child-OIDP score - -0.11 (-0.29,0.07) -0.12 (-0.32,0.07) -0.09 (-0.27,0.10) 

School Absenteeism - - -0.37 (-0.48,-0.26)d -0.37 (-0.48,-0.25)d 

GUDCb - - - -1.28 (-3.08,1.02) 
a Body Mass Index classified according to Nepalese growth reference. Normal BMI is the reference group. 
b Grading the severity of untreated dental caries. Grade 1 is the reference group. 

β (95% CI) : estimate of regression coefficient (95% confidence interval). 
cp<0.05; dp<0.001. 

Model 1 adjusted for sociodemographic factors (age, gender, location, ecological region, and ethnicity), 

body mass index, untreated dental caries and its severe consequences; model 2 further adjusted for 

Child-OIDP score model 3 further adjusted for school absenteeism; model 4 adjusted for GUDC, body 

mass index, Child-OIDP score, and school absenteeism. 
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5.10 Main findings 

– The Child-OIDP index was adapted into the Nepali language and context, and 
it was found to be a valid and reliable instrument to measure OHRQoL among 
Nepalese schoolchildren in age groups (5−6, 12- and 15- years) (I). 

– The Nepalese national growth reference that was developed had high 
discriminating power to detect thinness, overweight, and obesity for WHO 
indexed age groups (III). 

– Oral problems were common among Nepalese schoolchildren (II) 

– For 5−6-year-olds, 78.8% were affected by dental caries (dt), while 47.1% 
had severe consequences of untreated dental caries (pufa). Gingival 
bleeding (BOP>15%) was highly prevalent (96.5%). 

– For 12-year-olds, 66.4% were affected by dental caries (dt+DT), while 19.6% 
had severe consequences of untreated dental caries (pufa). Gingival 
bleeding (BOP>15%) was highly prevalent (95.9%). 

– For 15-year-olds, 62.4% were affected by dental caries (dt+DT), while 16.7% 
had severe consequences of untreated dental caries (pufa+PUFA). 
Gingival bleeding (BOP>15%) was highly prevalent (98.4%), and 8% of 
15-year-olds had a CPI score 3. 

– Prevalence of dental caries was highest among (II) 

– The youngest children (5−6-year-olds). 
– Those living in the Mountain, and Hilly regions and the Kathmandu Valley. 
– Those living in the rural area. 
– Those who consumed sweets or candy once or more daily. 

–  Both low and high BMI were associated with untreated dental caries (IV). 

– For 5−6-year-old children, untreated dental caries (dt) was associated with 
overweight. 

– Centrally obese children, according to the WHR and WHtR had a higher 
untreated dental caries (dt+DT) and its consequences (pufa+PUFA) than 
those who were not centrally obese. 

– Oral problems had impact on daily performance among two-fifths of the 
Nepalese schoolchildren (V). 

– Dental caries and its severe consequences (pufa+PUFA, and GUDC ≥2) 
were associated with poor OHRQoL. 
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– The youngest children (5−6-year-olds) had lower Child-OIDP score than 
the oldest ones.  

– Dental caries, BMI and OHRQoL were associated with school absenteeism 
and/or with poor school performance (V). 

– Untreated dental caries (dt+DT) and its severe consequences (pufa+PUFA, 
and GUDC ≥2) were associated with maximum school absenteeism. 

– Severe grades of the GUDC (grade ≥2), both high and low BMI, and poor 
OHRQoL were associated with poor school performance (n.s.). 
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6 Discussion 

6.1 Principal findings 

This school-based national cross-sectional study revealed that oral diseases, 
particularly dental caries and gingival bleeding, are common among Nepalese 
schoolchildren. The overall prevalence of dental caries (dt+DT) was high 
(62−79%), and one in three children had severe consequences (pufa+PUFA) 
because of untreated dental caries. Notably, 5−6-year-olds had a higher prevalence 
of dental caries and its severe consequences than the older ones. One in ten children 
had a severe burden of dental illness (Grading the severity of untreated dental caries 
(GUDC), grade 4). Gingival bleeding (BOP > 15%) was highly prevalent among 
the entire study sample. 

Almost all of Nepalese schoolchildren had a habit of brushing their teeth only 
once daily. Majority (96%) of the participants used toothpaste but hardly anyone 
(9%) knew if their toothpaste contained fluoride. The 5−6-year-olds consumed 
sweet bakery products, and sweets or candies more often than the other age groups. 
Among the 15-year-olds, one in seven reported using some tobacco products, boys 
more often than girls.  

Living in Kathmandu Valley or in mountain or hilly regions was associated 
with untreated dental caries and its severe consequences. These findings support 
the association between dental caries and sociodemographic factors as well as 
residence-based factors. The high need for restorative treatment and the severe 
consequences of dental caries among those who consumed sweets or candies, or 
tea with sugar on a frequent basis, and who brushed their teeth infrequently was 
observed in this study. This emphasizes the fact that dental caries is closely related 
to oral health behavioural factors. 

The Nepali version of the Child-Oral Impact on Daily Performances (Child-
OIDP) was found to be a valid and reliable instrument for measuring the oral 
health-related quality of life (OHRQoL) among Nepalese children of the World 
Health Organization (WHO) indexed age groups (5−6-, 12- and 15-year-olds). 
Dental caries with its consequences was associated with poor OHRQoL and 
specifically on eating, followed by cleaning the mouth, and sleeping. The Child-
OIDP score was the highest among 15-year-olds. 

National and ethnic-specified growth references are considered necessary (de 
Wilde et al., 2018). Therefore, a Nepalese national growth reference was developed 



 

76 

and had a high discriminating power to detect thinness, overweight, and obesity 
among Nepalese children of the WHO age groups. The prevalence of low BMI was 
relatively high using the International Obesity Task Force (IOTF) and the WHO 
growth references compared to the Nepalese BMI reference. Regardless of the 
reference system used (IOTF, WHO, and Nepalese), the proportion of children with 
low BMI was higher than the proportion of those with high BMI. Even though 
about 70% of Nepalese schoolchildren had a normal BMI, one-fourth of them had 
a waist-to-hip ratio (WHR) higher than 0.50 indicating central obesity. 

The association between dental caries and BMI varied between different age 
groups. For the 5−6-year-olds as well as for the 15-year-olds, both high and low 
BMI were associated with dental caries occurrence. Centrally obese children had a 
high dental caries rate (dt+DT) and its severe consequences (pufa+PUFA). Both 
low and high BMI were associated with the most severe grade 4 of GUDC. 

Children studying in public schools and living in rural areas had the highest 
rates of school absenteeism, and the poorest school performance. Untreated dental 
caries and its severe consequences were associated with high school absenteeism. 
Predictably, high school absenteeism was inversely associated with school 
performance. Despite being statistically not significant, severe grades of the GUDC 
(grade ≥2), both low and high BMI, and poor OHRQoL were all inversely 
associated with school performance. 

6.2 Study population 

The study population in this study is representative for the ecological and 
developmental regions, including the capital and its surrounding districts. The 
study sample also included the WHO indexed age groups of schoolchildren, and 
those belonging to the major ethnic groups (Lynn et al., 2008) from both urban and 
rural locations. The practical reason for selecting 5−6-year-olds was to measure 
dental caries in the primary dentition. The reason to include 12- and 15-year-olds 
was to assess the dental caries in permanent teeth except the third molars may have 
erupted. In 15-year-olds, all the permanent teeth except third molars have been 
exposed to the oral environment for three to nine years (WHO, 2013). 

This study population comprised 1137 schoolchildren from randomly selected 
districts of Nepal representing different geographic areas and ethnic groups. Power 
calculations with a non-parametric test were carried out to determine the sample 
size for each age group. The size of the study sample is in accord with previous 
studies conducted in Herat Province, Afghanistan (Schwendicke et al., 2015), in 
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Cambodia (Chher et al., 2016), and in Tamil Nadu, India (Veerasamy et al., 2016). 
Furthermore, randomization of the oldest schoolchildren (12- and 15-year-olds) 
and restricted selection criteria for the vulnerable aged children (5−6-year-olds) to 
include only those accompanied by parents may add to the value of the study 
findings. 

The samples in both the pre-pilot and pilot surveys, which aimed to adapt and 
validate the Nepali Child-OIDP, were similar to previous ones (Gherunpong et al., 
2004a; Yusof and Jaafar, 2012). For the validation of the patient-reported outcome 
measures, sample size determination is not common (Locker et al., 2002; Anthoine, 
Moret, Regnult, Sébille, & Hardouin, 2014), and was not done in this study, either. 

Stratified randomization was done for the districts, with one to two schools 
conveniently selected in every district. The densest populated urban area 
Kathmandu and its surrounding districts namely Lalitpur and Bhaktapur were 
included among the sample sites. This kind of sample site selection is in line with 
previous studies conducted in Afghanistan (Schwendicke et al., 2015a), Cambodia 
(Chher et al., 2016), Tamil Nadu, India (Veeasamy et al., 2016), and Vietnam (Pham 
& Nguyen, 2018). 

A high participation response rate is a strength, and the study findings can thus 
be considered as nationally representative. On the other hand, it should be kept in 
mind that the cross-sectional study design could at its best only establish the 
association between exposure and outcome (Rothman, 2012). 

6.3 Methodological considerations 

6.3.1 Questionnaires 

Questionnaires are effective tools for collecting health-related information. This 
information is useful for studying the causal associations between the disease and 
the risk factors. Therefore, careful consideration is required when developing, 
adapting, and validating the questionnaires. Here, the protocol suggested by 
Guillimen et al. (1993) and Locker et al. (2002) for validating the psychometric 
instrument was followed. Translation of the compiled version of the questionnaire 
by native speakers with expert discussions ensured appropriate wordings, which 
was further pretested for face validity. Later, adaptation of this pretested version 
also ensured content validity, resulting in the acceptability and effectiveness of the 
questions. A pre-pilot and pilot study preceded the national study for this purpose.  
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Oral health-related behaviours 

This study incorporated the survey forms developed by the WHO (most widely 
used) (WHO, 2013) and by the University of Oulu (previously used in population-
based studies) (Anttonen et al., 2014) for the assessment of oral health-related 
behaviours among schoolchildren. The questionnaire covered the majority of oral 
health-related risk behaviours associated with oral diseases in Nepal (Yee & Mishra, 
2004). The questionnaire validation process was in line with recent studies from 
North Korea (Tarvonen, Suominen, Yang, Ri & Sipilä, 2017), and Thailand 
(Kaewkamnerdpong & Krisdapong, 2018a). 

Oral health-related quality of life 

Oral health-related quality of life (OHRQoL) was assessed by the Child-OIDP in 
this study as was later suggested by Zaror et al. (2019). Gherunpong et al. (2004a) 
developed Child-OIDP for Thai children, which is culturally somewhat like Nepal. 
Furthermore, this index has been used worldwide (Thomson & Broder, 2018; Zaror 
et al., 2019). The Child-OIDP is a brief and simple psychometric instrument to use 
because of its only 8-item-related questions and scoring system (with frequency 
and severity quantifying the impact). 

The Nepali version of the Child-OIDP went through an adaptation and 
validation process following the standard protocols as mentioned above (Guillemin 
et al., 1993; Locker et al., 2002). For this reason, comparison of the OHRQoL 
outcome is justifiable. 

The Nepali Child-OIDP showed acceptable Cronbach’s alpha and standardized 
alpha values for internal reliability (Nunnllay & Bernstein, 1994). The alpha values 
computed were in line with previous validation studies (Nurelhuda, Ahmed, Trovik 
& Åstrøm 2010; Yusof & Jaafar, 2012). Furthermore, all inter-item correlations 
were positive. The weakest correlation coefficient was found between smiling and 
carrying out schoolwork (0.08). In this study, it is expected due to the effect of 
skewness in the distribution of both items; the respondents may have deliberated 
between smiling and laughing, because the correlation coefficient for this particular 
item with the rest was below 0.3. Doing schoolwork has shown a weak correlation 
with other items of OHRQoL in previous studies (Yusuf, Gherunpong, Sheiham & 
Tsakos, 2006; Nurelhuda et al., 2010). 

In the pilot study, the major reason for not carrying out test re-testing was the 
political instability throughout the country (blockade in winter 2015), which 
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limited the mobility of the research team. Test re-test can also be challenging in 
terms of participation rates (Thomson & Broder, 2018), and the carryover effects 
of a very short interval follow-up may lead to higher agreement (Polit, 2014). 
Conversely, a long interval may lead to response shift, or real change that reduces 
the degree of agreement as suggested by Polit (2014). 

Modes of questionnaire administration 

Considering the feedback from the pre-pilot study, Child-OIDP underwent an 
interviewer-administered method for all the respondents in the pilot study. After the 
pilot study, no further adjusting was needed in the protocol. One of the reasons for 
the interviewer-administered method was to achieve a high response rate from the 
parents of the 5−6-year-olds, and another one was to prevent conferring among 
children of 12 and 15 years. No such major discrepancies were noted between the 
interviewer-administered and the self-administered method, except for saving time 
and cost (Tsakos, Bernabé, O’Brien, Sheiham & de Oliveira, 2008). This also 
supports the reason for approaching the 12- and 15-year-olds, who underwent a 
self-administered approach for the oral health-related behaviours questionnaire. 
Members of the research team supervised the self-administered questionnaire to 
ensure the completion of the questionnaire. This technique eventually limited the 
drawbacks of the self-administered technique as regards access to information 
(Akbayrak, 2000). 

6.3.2 School-related information 

School-related information is valuable in epidemiological studies, meaning that 
health-related data can be linked with learning behaviours and cognitive 
development. In this study, school performance was used for the assessment of 
learning behaviours and cognitive development, because participants from the 
same educational background can be assumed to have similar performance. 

In most public and private schools in Nepal, children have to go through a final 
exam at the end of each academic year to be promoted to the next standard. The 
Government of Nepal has made Nepali, English, and Mathematics the core subjects 
regardless of the students’ academic standard (Ministry of Education [MOE], 2007). 
Schools are responsible also for maintaining a daily attendance registry for the 
entire academic year. These facts made it possible to collect children’s school-
related information, including school attendance and school performance from the 
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past academic year. School-related information was obtained with the full co-
operation of school authorities, after permission received from the Ministry of 
Education, Nepal. 

To investigate the association between dental caries and school performance, 
Kaewkamnerdpong and Krisdapong collected information on the total score of the 
National Standard Examination, while the data on school absenteeism were based 
on a 4-month semester (Kaewkamnerdpong & Krisdapong, 2018b). Maharani and 
colleagues also obtained the information based on the score in mathematics 
(Maharani et al., 2017). In the present study, marks in the three core subjects were 
considered, and school attendance was collected from the past one year. National 
board exams in Nepal are conducted at the end of class five (Centre level), class 
eight (District level), class ten (Regional level), and class twelve (National level); 
however, the curriculum for these core subjects is the same all over the country 
(MOE, 2007). 

6.3.3 Clinical examinations 

Clinical examination is essential in epidemiological studies in addition to surveys, 
as they complement the survey findings. Furthermore, the use of common 
instruments of disease measurement, or indices also allows easy comparison 
between (or within) populations, and disease monitoring in the future. 

Dental and periodontal status 

The clinical phase of the study included the training and calibration, which 
followed the protocol suggested by the WHO for field studies on oral health. The 
WHO based criteria on dental status (WHO, 2013), the dmf/DMF index, was used 
in this study to determine the carious status at the tooth level. During training, 
criteria of the International Caries Detection and Assessment System (ICDAS) 
were introduced to improve the quality of the examinations (Ismail et al., 2007). 
The intra- and inter-examiner agreement for caries record was excellent. This is in 
line with previous literature (Schwendicke et al., 2015a; Chher et al., 2016; Pham 
& Nguyen, 2018). Because the field study lasted for only two and a half months, 
no re-training or calibration was needed after baseline. 

A pufa/PUFA index used to investigate the infections caused by untreated 
caries lesions, which adds the value of the present study. This index has been quite 
rarely used in national studies in Asia (Benzian et al., 2011; Chher et al., 2016). 
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This study also presented a new index, grading the severity of untreated dental 
caries (GUDC) that combines the total scores of both untreated dental caries (dt/DT) 
and its consequences (pufa/PUFA). The GUDC is a mathematical index based on 
dt/DT and pufa/PUFA, and it fulfils the properties of an index except for validation. 
The association of grading the severity of untreated dental caries (GUDC) with 
OHRQoL and with BMI was stronger than in the case of the other two caries indices. 
It could be hypothesized that the grading could describe the burden of dental illness 
requiring operative treatment in a community. 

There has been debate about the value of a dmf/DMF index in registering 
dental caries lesions. DMF gives no information at the surface level, nor about the 
activity of the caries disease (Ismail, 1997). However, it measures the disease 
burden at a population level, as was the case in this study, and is suggested by the 
WHO (WHO, 2013). In this study, the examiners were trained to distinguish 
between different stages and activity of dental caries by the ICDAS system. This is 
known to improve the sensitivity of caries detection (Ekstrand, Martignon, Ricketts 
& Qvist, 2007). 

This national study was conducted around the lowlands (Tarai) and highlands 
(Mountain) regions, where radiographs would not have been feasible due to the 
geographic topography of Nepal. Carrying the radiographic instruments in different 
parts of Nepal, especially in the hilly and mountainous regions would not have been 
possible in a field survey. Furthermore, the WHO does not suggest the use of 
radiographs in population-based studies (WHO, 2013). 

For an assessment of the periodontium condition, the Community Periodontal 
Index (CPI) was used. The protocol was introduced as suggested in the manual by 
the WHO (WHO, 2013). There has been debate on the use and value of CPI, which 
considers population-based treatment needs and does not evaluate disease activity 
(Slots, 2013). In this study, gingival pockets were measured on the indexed teeth of 
the 15-year-olds according to the WHO recommendation. The samples of the 
present study were children and adolescents, among whom chronic periodontitis is 
uncommon. In addition to the CPI index, bleeding on probing (BOP) was registered, 
which correlates with gingivitis (Chaves et al., 1993). As regards BOP, calibration 
of examiners was not done, but, examiners were trained to achieve identical 
technique and scoring criteria using standard force (20g). Loss of attachment and 
plaque index were not recorded in this study, although the use of a plaque index 
would have been of great advantage. 
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Anthropometric measurements 

Measuring the anthropometric variables was conducted as per the WHO guidelines. 
A self-zeroing scale and standard stadiometer were used for assessing weight and 
height, respectively, in this study. However, registration of weight measurement 
was done throughout the day without ensuring either overnight fasting or previous 
medical history. Because of meticulous training for the waist- and hip-
circumference measurements, assessment of the degree of agreement was not 
considered necessary. Furthermore, measurement was done with inelastic tape 
following the anatomical landmarks. This simple measurement reduces the 
possibility of errors (WHO, 1995). 

The body mass index (BMI) was calculated for assessment of body adiposity. 
It has been reported that BMI does not accurately differentiate lean mass from fat 
mass, and body composition changes with age and varies between gender and 
ethnicity (Horan, Gibney, Molloy & McAuliffe, 2015). BMI is commonly used in 
population-based studies per se, and waist circumference, waist-hip- and waist-to-
height ratios studied in this study complement the BMI for assessing adiposity. 
Considering the positive secular change in growth during puberty stages (de Wilde 
et al., 2018) the use of Iso-BMI values would allow national and international 
comparison. Iso-BMI is a calculator for children based on age- and gender-
specified BMI up to 18 years of age, allowing the use of the same limits with adults 
(Cole, Bellizzi, Flegal & Dietz, 2000). 

Nevertheless, accurate differentiation between lean mass and fat mass requires 
expensive measures like computed tomography, magnetic resonance imaging, and 
dual-energy X-ray absorptiometry (Horan et al., 2015), which were not available. 
These instruments are, however, used for assessing the difference between lean 
mass and fat mass in high-income countries (Srikanthan, Horwich, & Tseng, 2016). 

6.3.4 Statistical methods 

Statistical procedures for cross-cultural validation of the psychometric instrument, 
construction of a growth reference, and determination of the association were 
performed in this study. As no gold standard OHRQoL index is present, two proxy 
measures (perceived pain and perceived restorative treatment need) were used for 
construct validation. High construct validity could be expected if the tests were 
properly executed by setting up a number of hypotheses that could measure the 
claimed issues (Kline, 2000). 
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In this study, age- and gender-specific centiles were constructed using the LMS 
method. The age range used in the present study could be criticized, although the 
benefits of the LMS method of treating multiple datasets as a single entity to 
generate smooth centile curves have been well explained by Cole and Green (1992). 
They have also highlighted the benefits of the approach on working on the 
equivalent degree of freedom required to produce smoothness of the parameters 
(Cole & Green, 1992). Furthermore, these LMS values were used to compute Z 
scores. Receiver Operating Characteristics (ROC) analysis was performed using 
the WHO and IOTF growth references as the gold standard for computing the BMI 
cut-off values. The WHO cut-off (-2 SD) and the IOTF cut-off <17 kg/m2 are close 
to each other, therefore we considered these as our gold standard to detect thinness 
(Cole et al., 2000). Furthermore, these values have also been considered the bridge 
between child and adult thinness (Cole, Flegal, Nicholls & Jackson, 2007). 

Regression models were used to determine the association between the 
outcome variable and explanatory variables. Regression models were selected 
depending on the properties of the outcome measure. Untreated dental caries 
(dt+DT) and its consequences (pufa+PUFA) were measured per tooth, and the 
outcome variables were considered as count data. As the outcome variables in this 
study were common diseases (>10%), and the distributions were over-dispersed, 
regression analyses with negative binomial distribution were used. For 
dichotomized data, logistic regression analyses were used. 

An argument may arise on the analysis for complex sampling, which was not 
performed in this study. However, the conveniently selected schools (sampling 
units) were considered as random effects in each model. Random effect represents 
those variables whose precise values are of no interest but are arbitrary samples. 
An empty linear mixed model with schools as a random effect was also performed, 
which also confirmed the effect of schools in the analysis as a significant effect 
with a variance of 46.9%. Another empty model with schools and ecological 
regions as a random effect was again performed. A significant effect was obtained, 
but, the variance remained constant, confirming the effect of school rather than 
ecological region. In addition, the result from a study with a random effect can also 
be generalized to the population (Bonate, 2006). Furthermore, the aim of this study 
was to assess the associations between the outcome variable and explanatory 
variables, which may not always require adjustment for complex sampling (Caplan, 
Slade & Gansky, 1999). 
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6.4 Results 

6.4.1 Findings on oral diseases and oral health-related quality of life 

Almost three-fourths of the participants in the present study required restorative 
treatment. These findings were in concordance with the epidemiological studies 
conducted in Bhutan (Ngedup & Phurpa, 2017), Palestine (Abuhaloob & Petersen, 
2018), and Thailand (Jienmaneechotechai et al., 2013). But in contrast to studies 
conducted in Afghanistan (Schwendicke et al., 2015a), Cambodia (Chher et al., 
2016), and the Philippines (Centeno, 2013) where need for restorative treatment 
was higher. 

The prevalence of gingival bleeding was similar to the findings from children 
of Medak, India (Kumar et al., 2017), and of Dhamar, Yemen (Amran et al., 2016). 

The prevalence of dental caries and its severe consequences was the highest 
among the youngest age group. This is an alarming situation, because caries in the 
primary dentition predicts caries in the permanent dentition (Du et al., 2017). It is 
worth remembering that the findings on dental caries in this study are based on the 
restorative treatment need (dt+DT) rather than dmf/DMF. The reason behind this 
was the idea to investigate the present treatment need. However, the restorative 
treatment needs in this study (dt+DT) was found to be almost the same as the 
dmf/DMF values. This suggests that at present, almost all dental caries lesions in 
Nepal remain untreated. Parental perception on treating the deciduous teeth with 
carious lesions may be one of the reasons for this. Another one can be the lack of 
resources, as dental treatment is one of the most expensive health expenditures (Yee 
& Sheiham, 2002). It was also evident from a recent study that the oral health 
workforce is insufficient in Nepal, and most of them are confined to urban areas 
and major cities (Shrestha, Shrestha & Kunwar, 2017). This could also explain the 
high prevalence of untreated dental caries and its severe consequences in rural areas 
compared to urban ones. 

Two-fifths of the participants suffered from impacts on daily performance due 
to oral diseases in the past three months. It can be speculated that these participants 
may have problems in daily activities due to the combination of both untreated 
dental caries and its severe consequences, as a similar proportion of children also 
had GUDC grade 3 and 4. In addition, untreated dental caries and its severe 
consequences were associated with poor OHRQoL. Most children who reported 
having poor OHRQoL had problems on eating food, followed by cleaning the 
mouth, and sleeping. These findings are in concordance with previous studies 
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conducted in Laos (Jürgensen & Petersen, 2009) and Malaysia (Yusof & Jaafar, 
2012). Pain or discomfort due to dental caries and pulpitis can explain this. 
Chewing and hot or cold stimuli during eating or cleaning the mouth cause pain in 
decayed/infected teeth. The same is true for infected teeth causing pain during 
sleeping due to increased pulpal pressure. Notably, pulpitis (P-component) and 
abscess (A-component) of the PUFA index were more common than ulcers (U-
component) and fistulas (F-component) in this study. However, the role of any 
specific component of the PUFA index in OHRQoL was not studied. 

Resilience and coping strategies are considered strong determinants of health 
and well-being. The inclusion of the ‘Sense of Coherence’ concept in oral health 
has been more common recently. Children’s high sense of coherence was 
associated with low oral disease occurrence and consequently, less impact on 
OHRQoL was reported in a longitudinal study (Gururatana, Baker & Robinson, 
2014). However, these aspects of psychosocial protective factors were not studied 
here. 

6.4.2 Factors associated with dental caries and oral health-related 
quality of life 

Sociodemographic factors 

The place of residence was associated with dental caries and OHRQoL. Those 
living outside the Kathmandu Valley and in the Tarai ecological region had less 
need for restorative treatment than others. The capital and surrounding districts are 
considered the most convenient urban areas of Nepal, also with the most available 
health care facilities. However, availability and easy accessibility of commercial 
foods and drinks containing free sugars in these areas may be responsible for the 
high occurrence of dental caries. Consumption of sugar and sweets has increased 
tenfold in Nepal during the past three decades (Subedi, Marais & Newlands, 2017). 
A reason for the disparities between ecological regions may also be the negligence 
of oral health by health authorities, including oral health promotion, preventive 
measures, and poor access to oral health care. Indeed, oral health with its 
consequences is neglected in the developing countries like Nepal due to either 
limited resource mobilization or economic development of the country (Kandelman 
et al., 2012). It was also found that the children living in the Tarai ecological region, 
and those living in rural areas, also had better OHRQoL compared to those living 
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in the mountainous or hilly ecological region or in the urban areas. The reason may 
be the low prevalence of dental caries among those living in Tarai eventually 
responsible for a low Child-OIDP score. However, better OHRQoL among those 
living in rural areas despite of high disease prevalence can be due to coping 
strategies or high sense of coherence among them (Gururatana, Baker & Robinson, 
2014). Disparities in OHRQoL depending on the place of residence were also found 
in previous studies (Amalia, Schaub, Stewart, Widyanti & Groothoff, 2017; Gaber, 
Galarneau, Feine & Emami 2018). 

Fluoride in drinking water was available only in some places in Tarai, where 
dental caries prevalence was also fairly low. However, fluoride toothpaste is now 
available throughout the country. Knowledge and awareness of the benefits of 
fluoride for oral health needs promotion. 

The literature also indicates that socioeconomic status is associated with dental 
caries and oral health practices (Schwendicke et al., 2015b; André Kramer, Petzold, 
Hakeberg & Östberg, 2018; André Kramer et al., 2019) as well as with OHRQoL 
(Kaewkamnerdpong & Krisdapong, 2018b; Mohamed & Vettore, 2018). These 
determinants influence children’s life course (Watt & Sheiham, 2012), eventually 
leading to oral health deprivation in later life (Heilmann, Tsakos & Watt, 2015). 

Oral health-related behaviours 

The youngest children in this study had higher dental caries rates and more severe 
consequences than older ones. The reason for this can be the frequent consumption 
of sweet bakery products and sweets or candies, and infrequent tooth brushing 
habits among this age group. Eating behaviour, mainly sugary foods and drinks, 
and irregular tooth brushing are associated with dental caries (Sheiham & James, 
2015; Kumar et al., 2016). Children’s exposure to sugar-containing food items at 
an early age was also reported in a recent survey conducted in the Kathmandu 
Valley (Pries et al., 2016) and a study by Skafida and Chamber (2017) found that 
the lack of parental control over the amount of sugar was associated with high 
dental caries experience. High intake of refined sugar from early life is a risk for 
dental caries in later life, and habit modification is less likely to occur (Ruottinen 
et al., 2004). 

The majority of Nepalese schoolchildren had a habit of brushing their teeth 
only once daily. Tooth brushing early in the morning is a social norm in Nepal, and 
still in practice. This was also evident in a survey conducted among Nepalese adults, 
where almost 95% of the participants reported brushing their teeth once daily 
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(Thapa et al., 2016). An inadequate tooth brushing frequency is a well-known risk 
factor for both dental caries and periodontal diseases. 

The local effect of fluoride is considered most important in preventing 
manifestations of dental caries. However, fluoridated toothpaste in Nepal became 
easily available only after the late 1990s (Yee, McDonald & Walker, 2003), and 
people may not be aware of the fluoride content in toothpaste. It was also evident 
in this study that in spite of the use of the toothpaste, hardly anyone knew about the 
fluoride content in their toothpaste. Nepal being a low-income country with almost 
a 30% poverty rate (National Planning Commission, Government of Nepal, 2018), 
affordability and accessibility to fluoridated toothpaste by ordinary citizens is 
questionable. As most of the dental hygiene products are imported from private 
multinational companies, prices have remained high because of taxes. Low anti-
caries efficacy due to a lack of free fluoride in toothpaste available in developing 
countries was reported by Benzian and colleagues, which may also prevail in Nepal 
(Benzian et al., 2012). To achieve the WHO goal of minimizing the oral disease 
burden, low-cost dental hygiene products of a high standard and quality, including 
fluoridated toothpaste, should be manufactured locally (Goldman, Yee, Holmgren 
& Benzian, 2008). 

Even though the 5−6-year-olds had higher dental caries rates and its severe 
consequences compared to the older ones, their parents reported them to have a 
significantly low effect on the OHRQoL measure. This suggests poor parental 
perception of children’s oral health and symptoms. Similar discrepancies on the 
child’s OHRQoL were also observed in a study conducted in Germany (Reissmann, 
John, Sagheri & Sierwald, 2017). It is evident that this age group is dependent on 
their parents or caretakers, whose role is crucial for fostering their children’s health 
(National Academies of Sciences, Engineering, and Medicine, 2016). 

Anthropometric measurements 

In this study, the association between BMI and dental caries varied between age 
groups, thus indicating the unclear nature of the association. A similar U-shaped 
relation was also reported in a hospital-based study conducted in Morocco (Chala, 
El Aidouni, Abouqal & Abdallaoui, 2017). Low and high BMI were associated with 
severe consequences of dental caries, mainly the severe grades of the dental illness. 
In contrast, a significant inverse association between BMI and dental caries was 
found in studies conducted in Bangladesh (Mishu et al., 2018), and China (Liang 
et al., 2016), and a weak inverse association was found in India (Kumar et al., 2017). 
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However, in epidemiological studies, a nonlinear relation between risk factors and 
disease outcome is common (Lemmens, 2010). 

Dental caries and malnutrition (both low and high BMI) share risk factors in 
common. As mentioned above, a remarkable nutritional shift toward commercial 
foods enriched with refined sugars and fat has taken place in Nepal recently (Subedi 
et al., 2017). This shift is considered responsible for developing dental caries 
(Sheiham & James, 2015) as well as overweight or obesity (WHO, 2015). On the 
other hand, pain/discomfort and infections related to dental caries may compromise 
diet with nutritive values resulting in impaired growth (Alkarimi et al., 2014). 
Likewise, pain and discomfort may also cause a shifting of the diet towards soft 
processed foods rich in refined sugars and fat that eventually leads to overweight 
or obesity (Soares et al., 2017). However, longitudinal studies are the best 
approaches to identify the precise relation between dental caries and 
anthropometric measurements. 

Despite the high proportion of those with low BMI compared to those with 
high BMI in this study, a waist-to-hip ratio (WHR) higher than 0.50 was observed 
among one-fourth of the participants. This may be related to a genetic background 
of body proportions, particularly among South Asians (Misra & Khurana, 2011). 
The same may be true as for the differences in BMI among different ethnic groups. 
Regarding the place of residence and BMI, behavioural as well as genetic factors 
may be involved. A recent study also reported geographical differences in genetic 
structure among Nepalese adults (Cole et al., 2017). However, extensive research 
is needed in this multi-ethnic country. 

It was found that centrally obese children had a high rate of dental caries and 
its severe consequences in this study. This is in line with a recent study conducted 
in Hong Kong (Li et al., 2018). It is possible that behavioural factors may be 
involved here, too, because those studying in private schools had central obesity 
more often than those studying in public schools. Furthermore, two-thirds of the 
Nepalese children belonging to the higher economic status (fourth and fifth quintile) 
attend private schools (Central Bureau of Statistics, Government of Nepal, 2011). 
Children from a high economic status may have more opportunities to consume 
sugary and fatty processed foods (Babo Soares, Allen, Bettiol & Crocombe, 2016). 
This might also explain the association between central obesity and dental caries in 
this study. 

Studying in private schools was associated with high BMI, but a high 
restorative treatment need was found only among the youngest age group and those 
studying in public schools. It may be presumed that oral hygiene practices were 
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better among those studying in private schools, and they may have had an 
opportunity to seek oral health care. In addition, regular tooth brushing and use of 
fluoridated toothpaste partly may have moderated the impact of sugar on dental 
caries as suggested by Bernabé et al. (2016) and Skafida & Chamber (2018). 
Regular tooth brushing was common for those studying in private schools in all age 
groups, as gingival bleeding was less common among them than those studying in 
public schools. 

When studying the relation between BMI and OHRQoL, it was found that 
insufficient sleep was associated with poor dietary habits and obesity (Tambalis, 
Panagiotakos, Psarra & Sidossis, 2018). In contrast to that study, BMI was not 
associated with OHRQoL in the present study. However, both were associated with 
severe consequences of dental caries affecting different domains of quality of life. 
It can be speculated that BMI can rather be linked with those domains of quality of 
life per se, and are beyond the scope of this study. It should be noted that the Child-
OIDP is based on the oral status, not general health status. 

School-related factors 

More than half of the Nepalese schoolchildren studying in public schools, and those 
living in rural areas had more school absenteeism than others. High school 
absenteeism was associated with poor school performance. One-fourth of those 
studying in public schools also had poor school performance. These facts reflect 
the existence of disparities in academic attainment and learning practices in Nepal, 
where almost three-fourths of the students are enrolled in public schools throughout 
the country (Thapa, 2015). 

Children studying in public schools often have a low socioeconomic status 
(Central Bureau of Statistics, Government of Nepal, 2011), and are likely to spend 
time on household chores, thus resulting in poor school attendance and 
consequently poor school performance. In addition, the long distance to school, 
specifically among children living in rural areas may also have influenced school 
attendance. Indeed, in this study children living in rural areas had distinctly more 
school absenteeism than others. The same was true with Tarai Madeshi, and Muslim 
ethnic groups. Other reason for poor school performance and high school 
absenteeism in Nepal (MOE, 2016) are beyond the scope of this study. 

Untreated dental caries and its severe consequences were found to have an 
impact on school absenteeism. In addition, a weak inverse association was found 
between school performance and severe dental sickness (GUDC). A recent study 
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conducted in Thailand reported that high dental caries experience of children had 
an impact on OHRQoL, negatively influencing the school performance 
(Kaewkamnerdpong & Krisdapong, 2018b). Furthermore, two recent meta-
analyses also found an association between dental caries and poor school 
performance, as well as high school absenteeism (Rebelo et al., 2018; Ruff et al., 
2019). 

Pain/discomfort and infections related to dental caries are most likely to have 
considerable impact on eating, sleeping, and school activities. These factors may 
contribute to poor school attainment, and eventually poor school performance. This 
was also evident in this study; poor OHRQoL was associated with high school 
absenteeism and it was also inversely associated with school performance. The 
results of the present study are in line with those of Short et al. (2018) who reported 
that adequate sleep is associated with improved cognitive functions among children 
and can even improve learning and school performance in later life (Li et al., 2013). 

In this study, a weak inverse association was also found between BMI (both 
low and high) and school performance. It can be speculated that nutrition-related 
health consequences may also impair cognitive functions. For instance, 
consumption of high-fat diet and poor dietary habits early in life are linked with 
memory deficits (Spencer, Korosi, Layé, Shukitt-Hale & Barrientos, 2017). In 
addition, impaired cognitive function due to micronutrient deficiencies during 
prenatal or early life is also evident (Black, 2003). Although little is known about 
the mechanism, epidemiological studies have found an association between BMI 
and academic achievement. For instance, undernourished children in northwest 
Ethiopia had poor academic performance compared to their counterparts with 
normal BMI (Asmare, Taddele, Berihun & Wagnew, 2018); the same was true for 
obese children from China (Wu, Chen, Yang & Li, 2017). 

6.5 Strengths and limitations 

So far, to our knowledge, this population-based national cross-sectional study is the 
first one to include information on dental status, oral health-related quality of life, 
growth and development (nutritional status), as well as school absenteeism and 
school performance in Nepal. This study investigated schoolchildren from 
randomly selected districts of Nepal representing different geographic areas 
(ecological and developmental regions) and major ethnic groups. The high 
participation rate (99%) is also a strength of this study. 
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The adaptation and validation process of the Child-OIDP index for the Nepali 
language and culture followed the standard protocols. The construction of national 
growth references for Nepalese children is a recognizable strength of this study. 
BMI reference values for Nepalese children computed here for the first time also 
prevented a healthy child from being misclassified as underweight or 
overweight/obese according to other available growth reference systems. For the 
present study the GUDC index was created that simultaneously described the 
restorative treatment needs and the severe consequences of dental caries. This index 
was also found to be associated more strongly with both BMI and OHRQoL 
compared to the clinical indices alone. Furthermore, there was excellent intra- and 
inter-examiner consistency. 

Biases and confounding factors are important to consider in cross-sectional 
studies like the present one (Rothman, 2012). Inclusion of the youngest children 
(5−6-year-old) who were accompanied by their parents might have led to selection 
bias in this study. As regards the Child-OIDP, which includes the impact of oral 
diseases in the past three months, it might have subjected the study to recall bias. 
This cannot be avoided because of the content of the index but explaining each 
impact during the interview may have prevented this. 

It is known from the literature that sociodemographic factors (age, gender, 
place of residence) and oral health-related behaviours (tooth brushing habits and 
consumption of sugary foods) are potential confounders (Skafida & Chambers, 
2018; André Kramer et al., 2018; Kaewkamnerdpong & Krisdapong, 2018a; André 
Kramer et al., 2019; Mohamed & Vettore, 2019). The same is true for high 
consumption of foods and drinks with refined sugar (Lee, Chowdhury & Welsh, 
2015) and low socioeconomic position during childhood, which are associated with 
high BMI (Bann, Johnson, Li, Kuh & Hardy, 2017). The confounding effect of 
these factors were controlled in the analyses using regression models. 

6.6 Implication of the study findings and future research 

Compared to the past decades, the burden of oral diseases is increasing in Nepal 
(Yee & Mishra, 2004). In particular, the situation among the youngest children is 
alarming, because caries is known to predict caries in later life (Du et al., 2017). 
The results suggest an urgent and high treatment need among the Nepalese 
schoolchildren. However, considering the cost and effectiveness, population-based 
preventive methods like tooth brushing with fluoridated toothpaste, systemic 
fluoride supplements, and dietary habit modification are necessary. That would be 
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in line with present schemata of controlling dental caries. Moreover, oral health 
promotion should remain a key agenda in health policies, and its implementation 
down to the ground level should be monitored. The new National Health Insurance 
Policy-2015 of Nepal should incorporate oral health promotion and a preventive 
dental programme, as well as equitable oral health services. For effective planning 
and reviewing of the outcomes, geo-mapping can be a valuable tool (Strömberg, 
Holmn, Magnusson & Twetman, 2012). 

This study also showed that Nepalese adolescents use tobacco products. They 
seem to have easy access to these products, despite the existence of the Tobacco 
Product Control and Regulation Act-2011, which restricts sale to minors (under 18-
year-olds). The effort to control use of tobacco products seems to be challenging in 
Nepal, when no effective enforcement of the act is being practised. This topic needs 
monitoring and future research. 

Irrespective of the nature of association, dental caries co-exists with both low 
and high BMI in the present study population. Nepalese children consume more 
sugar-containing foods than before. Their intake of free sugars should be restricted 
to less than 10% of their total energy, or even 2–5% of total energy, as 
recommended by the WHO (WHO, 2015). Although the proportion of overweight 
and obese Nepalese children is low for now, restriction of refined sugar would 
benefit specifically those who are at risk for obesity. Furthermore, considering the 
positive secular change, periodic and systematic assessment for screening and 
monitoring the growth is also necessary for Nepalese children and adolescents. The 
growth reference curves established here can be valuable for the development of a 
national and ethnic based growth reference, and for instance, Iso-BMI for Nepalese 
children and adolescents including other age groups. 

Dental caries had considerable impact on the oral health-related quality of life, 
particularly on eating, followed by cleaning the mouth, sleeping, and carrying out 
schoolwork. It was observed that these factors were associated with high school 
absenteeism, and poor school performance in this study. This information is 
valuable; however, more research is needed. Furthermore, regular monitoring of 
oral diseases should be done nationally as recommended by the WHO, and grading 
the severity of untreated dental caries would add to the value of caries examinations. 

The findings of this study raise the question of attaining the Sustainable 
Development Goals on promoting good health and well-being, as well as ensuring 
quality education by 2030 in Nepal. It is therefore recommended that policy makers 
and authorities concerned to focus on the structural determinants of health 
inequalities, including oral health, as Nepal is exercising the new federal 
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governance system. This would not only reduce the health inequalities, but would 
be of social benefit, if good and accountable governance and transparent political 
decisions are practised (Watt, 2012). This was also evident in a recent cross-
national study, according to which a country’s governance, macroeconomic, and 
social and public policies were associated with children’s oral health and oral 
health-related quality of life (Baker et al., 2018). 

This study strongly urges the design of longitudinal studies aiming to control 
Early Childhood Caries (ECC) in Nepal, as the situation was found to be alarming 
in this study. Additionally, this study also encourages the design and 
implementation of population-based interventional studies targeting oral health, 
and oral health-related behaviours. Future studies should also include monitoring 
and control of the use of tobacco products among children and adolescents. Finally, 
yet importantly, this study also recommends future research to be oriented toward 
identifying the relation between oral diseases and body mass index (including 
genetic background), and measures to control them. 
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7 Summary and conclusions 
This national cross-sectional study illustrates the current oral health status and oral 
health-related quality of life among Nepalese schoolchildren of the WHO indexed 
age groups. It shows that the oral diseases, particularly dental caries with severe 
consequences and gingival bleeding, are common among Nepalese schoolchildren, 
and that the situation among the youngest children is the poorest.  

The well-established association of untreated dental caries and its severe 
consequences with various influencing factors (sociodemographic factors, oral 
hygiene behaviours, and dietary habits) is supported by this study. In Nepal, dental 
caries is common in the Kathmandu Valley as well as remote, mountain or hilly 
areas. Consumption of free sugar containing foods/drinks is high in these areas. 
Tooth brushing only once daily is a common oral hygiene habit, and one in seven 
15-year-olds reports using tobacco products. 

The Child-OIDP index, an instrument to measure the oral health-related quality 
of life was translated into the Nepali language. It was found to be valid and reliable 
and can therefore be used in the Nepalese child population for assessing oral health-
related quality of life. In this study, untreated dental caries and its severe 
consequences were associated with a poor oral health-related quality of life. Oral 
problems particularly had impact on eating, followed by cleaning the mouth, 
sleeping, and carrying out schoolwork. It was also observed that these factors were 
associated with high school absenteeism and poor school performance. The same 
is true for the dental caries and its severe consequences. 

The national growth reference on various anthropometric indices established 
here can be applied to future research, allowing for national and international 
comparisons. The BMI values computed were based on the international criteria 
and found to be relevant. Dental caries co-exists among those with both low and 
high BMI, and it was found to be associated with central obesity.  

The findings suggest urgent treatment need and need for behavioural 
modification among Nepalese schoolchildren. Policy makers and concerned 
authorities need to consider oral health as a part of overall health, thereby including 
it in a national health policy, and scrutinizing its implementation. The new federal 
governance system in Nepal allows considering structural determinants of health 
inequalities, including oral health. This would then support achieving Sustainable 
Development Goal 3 in Nepal. 
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