Appendix 1 - Description of the direct paths in the DAG and references 

[bookmark: _GoBack][bookmark: _Hlk124168070]Figure 2 shows a Directed Acyclic Graph (DAG) illustrating the relationship between dental caries as the main exposure and Child Oral Impact on Daily Performance (C-OIDP) as outcome based on the conceptual framework of dental caries (1) and conceptual model of patient outcomes (2). The DAG was constructed to visualize the association between dental caries and C-OIDP. Initially, all possible direct paths between variables included were evaluated for plausibility based on theory and empirical evidence. Education is one of the main factors that determine the job position and income of an individual which reflects socioeconomic status (SES) (3). Several studies describe the influences of socioeconomic status on oral health-related behaviors such as tooth brushing using fluoridated toothpaste and frequency of intake of a sugary diet (4–8). Sex and age also affect oral health behaviors (7,9–13). Dental caries is a behavioral-related oral disease and therefore the behaviors are major predictors of dental caries (12,14). Parental socioeconomic status has been shown to influence child OIDP where high income is associated with better OHRQoL (15). Evidence of the relationship between gingivitis and oral impact on daily performance is provided in a cohort study that found gingivitis was associated with higher oral impacts (16). Parental SES influences oral health-related behaviors such as toothbrushing (17) and use of fluoridated toothpaste and frequency of intake of sugary diet which in turn affect the occurrence of dental caries (18). In low to middle-income countries where the main reason for dental visits is for relief of pain and not preventive, a dental visit is likely to reduce number of carious teeth but increase number of extracted teeth due to caries (19). Evidence of the relationship between sugary diet and C-OIDP is provided by a study in Turkey that reports high impacts among those taking a sugary diet more frequently (20). Based on the above scientific evidence we evaluated the direct and indirect association between dental caries and C-OIDP using a DAG (Figure 1). The indirect pathway from dental caries to C-OIDP is through causing pain and subsequently influencing OHRQoL. Dental caries is the most common cause of pain and discomfort (21). A study which evaluated oral impact on daily performance and recent use of dental services in school children revealed increased use of dental services among those with oral impacts (22). The pathways for the assumed saturated DAG are illustrated below.

Evaluated pathways 
Open front door paths (causal pathway): 
1. [bookmark: _Hlk104376148] Dental caries → C-OIDP  
2. [bookmark: _Hlk104376323] Dental caries → Pain/discomfort/Impaired esthetics arising from caries → C-OIDP 
All the two front door paths are open, the first is a direct pathway while the second is an indirect pathway through pain/discomfort/Impaired esthetics as mediators. No need for adjustment of pain discomfort/functional impairment, otherwise it will reduce the detrimental effect of dental caries on C-OIDP. 
Back door paths 
1. [bookmark: _Hlk104377138][bookmark: _Hlk104378081][bookmark: _Hlk104399685][bookmark: _Hlk104397087][bookmark: _Hlk104378160]Dental caries ← toothbrushing & toothpaste use → C-OIDP          
[bookmark: _Hlk104400106](Open backdoor path: adjust for toothbrushing & toothpaste use) 

2. [bookmark: _Hlk104398828]Dental caries ← toothbrushing & toothpaste use ← Adolescent’s sex→ C-OIDP
[bookmark: _Hlk104400753](Open backdoor path: adjust for toothbrushing & toothpaste use and Adolescents sex)

3. Dental caries ← toothbrushing & toothpaste use ← Adolescent’s age→ C-OIDP
[bookmark: _Hlk104400882](Open backdoor path: adjust for toothbrushing & toothpaste use and Adolescents age)

4. Dental caries ← toothbrushing & toothpaste use ← Parental education→ C-OIDP
(Open backdoor path: adjust for toothbrushing & toothpaste use and Parental education)

5. [bookmark: _Hlk104401172]Dental caries ← toothbrushing & toothpaste use ← Parental SES→ C-OIDP
[bookmark: _Hlk104401246](Open backdoor path: adjust for toothbrushing & toothpaste use and Parental SES)

6. [bookmark: _Hlk104401305]Dental caries ← toothbrushing & toothpaste use ← Adolescent’s sex→ Sugary diet intake→ C-OIDP
(Open backdoor path: adjust for toothbrushing & toothpaste use, Adolescent’s sex and Sugary diet intake) 

7. [bookmark: _Hlk104442655][bookmark: _Hlk104401689][bookmark: _Hlk124773174]Dental caries ← toothbrushing & toothpaste use ← Adolescent’s sex→ Dental visit→ C-OIDP
[bookmark: _Hlk104402538](Open backdoor path: Adjust for toothbrushing & toothpaste use, Adolescent’s sex and Dental visit)
8. Dental caries ← toothbrushing & toothpaste use ← Adolescent’s age→ Sugary diet→ C-OIDP
(Open backdoor path: adjust for toothbrushing & toothpaste use, Adolescent’s age and Sugary diet intake)

9. [bookmark: _Hlk124347694][bookmark: _Hlk124347603]Dental caries ← toothbrushing & toothpaste use ← Adolescent’s age→ Dental visit→ C-OIDP
[bookmark: _Hlk104402878][bookmark: _Hlk124773363](Open backdoor path: Adolescents age, toothbrushing & toothpaste use and dental visit)

10. [bookmark: _Hlk104398579]Dental caries ← toothbrushing & toothpaste use ← Parental education→ Parental SES→ C-OIDP
[bookmark: _Hlk104402743](Open backdoor path: adjust for toothbrushing & toothpaste use, Parental education and Parental SES)

11. [bookmark: _Hlk104398004][bookmark: _Hlk104397848][bookmark: _Hlk104402754][bookmark: _Hlk104397833]Dental caries ← toothbrushing & toothpaste use ← Parental education→ Parental SES→ Sugary diet intake ← Adolescents age→ C-OIDP
(Open backdoor path: adjust for toothbrushing & toothpaste use, Parental education, Parental SES, Sugary diet intake and Adolescents age,)

12. [bookmark: _Hlk104398192][bookmark: _Hlk104398316]Dental caries ←Dental visit ←Adolescent’s age → C-OIDP
[bookmark: _Hlk104403109](Open backdoor path: adjust for Adolescents age and Dental visit)

13. [bookmark: _Hlk104399051][bookmark: _Hlk104399455][bookmark: _Hlk124160405]Dental caries ←Dental visit ←Parental SES ← Parental education→ use of toothbrushing & toothpaste → C-OIDP
(Open backdoor path: Adjust for dental visit, Parental SES, Parental education and use of toothbrushing & toothpaste)

14. [bookmark: _Hlk104398854]Dental caries ←Sugary diet intake→ C-OIDP
(Open backdoor path: adjust for Sugary diet intake)

15. Dental caries ←Sugary diet intake→ Adolescent’s sex →C-OIDP
[bookmark: _Hlk104403719](Open backdoor path: adjust for Sugary diet intake and Adolescent’s sex)

16. [bookmark: _Hlk104398949][bookmark: _Hlk104399188]Dental caries ←Sugary diet intake ← Parental education →C-OIDP
[bookmark: _Hlk104403819](Open backdoor path: adjust for Sugary diet intake and Parental education)

17. [bookmark: _Hlk104399278]Dental caries ←Sugary diet intake ← Parental SES← Parental education →C-OIDP
[bookmark: _Hlk104403878]       (Open backdoor path: adjust for Sugary diet intake, Parental SES and Parental education)
18. Dental caries ←Sugary diet intake ← Parental SES← Parental education →C-OIDP
(Open backdoor path: adjust for Sugary diet intake, Parental SES and Parental education)

19. [bookmark: _Hlk104404117][bookmark: _Hlk104404314][bookmark: _Hlk104404033]Dental caries ←Sugary diet intake ← Sex →Toothbrushing & use of toothpaste →C-OIDP
[bookmark: _Hlk104404337][bookmark: _Hlk104443135](Open backdoor path: adjust for Sugary diet intake, Sex, Toothbrushing & use of toothpaste)

Minimum adjustment set for DAG 1: Parental education, Parental SES, Adolescent’s sex, Adolescent’s age, Toothbrushing & use of toothpaste, Sugary diet intake, and dental visit 
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