
Supplementary Figure 1. (A) Diagram for key assumptions of MR analyses. Childhood sunburn

SNPs were used as the genetic instruments to investigate the causal effect of childhood sunburn

upon melanoma and non-melanoma Skin Cancer. Line with arrows indicate that the genetic

instruments (SNPs) are associated with the exposure and could only affect the outcome via the

exposure. Dashed lines indicate that the genetic instruments (SNPs) are independent of any

confounding variables between the results. (B) Schematic design for the mendelian randomization

analysis. MM, malignant melanoma; NMSC, non-melanoma skin cancer; MIS, melanoma in situ; BCC,

basal cell carcinoma; SCC, squamous cell carcinoma.

Supplementary Figure 2. Scatter plots of the univariable mendelian randomization analysis of

childhood sunburn and malignant melanoma of skin. The slope of each line corresponding to the

estimated MR effect in different models, including the conventional IVW, MBE, WMM, MR-Egger,

MR-RAPS and MR-PRESSO methods.

Supplementary Figure 3. Scatter plots of the univariable mendelian randomization analysis of

childhood sunburn and non-melanoma skin cancer. The slope of each line corresponding to the

estimated MR effect in different models, including the conventional IVW, MBE, WMM, MR-Egger,

MR-RAPS and MR-PRESSO methods.

Supplementary Figure 4. Scatter plots of the univariable mendelian randomization analysis of

childhood sunburn and squamous cell carcinomas of the skin. The slope of each line corresponding to

the estimated MR effect in different models, including the conventional IVW, MBE, WMM, MR-Egger,

MR-RAPS and MR-PRESSO methods.

Supplementary Figure 5. Scatter plots of the univariable mendelian randomization analysis of

childhood sunburn and basal cell carcinomas of the skin. The slope of each line corresponding to the

estimated MR effect in different models, including the conventional IVW, MBE, WMM, MR-Egger,

MR-RAPS and MR-PRESSO methods.

Supplementary Figure 6. Scatter plots of the univariable mendelian randomization analysis of

childhood sunburn and melanoma in situ. The slope of each line corresponding to the estimated MR

effect in different models, including the conventional IVW, MBE, WMM, MR-Egger, MR-RAPS and

MR-PRESSO methods.

Supplementary Figure 7. Scatter plots of the univariable mendelian randomization analysis of

childhood sunburn and melanoma in situ of face. The slope of each line corresponding to the estimated



MR effect in different models, including the conventional IVW, MBE, WMM, MR-Egger, MR-RAPS

and MR-PRESSO methods.

Supplementary Figure 8. Scatter plots of the univariable mendelian randomization analysis of

childhood sunburn and childhood sunburn on melanoma in situ of trunk. The slope of each line

corresponding to the estimated MR effect in different models, including the conventional IVW, MBE,

WMM, MR-Egger, MR-RAPS and MR-PRESSO methods.

Supplementary Figure 9. Scatter plots of the univariable mendelian randomization analysis of

childhood sunburn and childhood sunburn on melanoma in situ of lowerlimb. The slope of each line

corresponding to the estimated MR effect in different models, including the conventional IVW, MBE,

WMM, MR-Egger, MR-RAPS and MR-PRESSO methods.

Supplementary Figure 10. Scatter plots of the univariable mendelian randomization analysis of

childhood sunburn and childhood sunburn on melanoma in situ of upperlimb. The slope of each line

corresponding to the estimated MR effect in different models, including the conventional IVW, MBE,

WMM, MR-Egger, MR-RAPS and MR-PRESSO methods.

Supplementary Figure 11. Scatter plots of the replicate univariable mendelian randomization analysis

of childhood sunburn and malignant melanoma of skin (controls excluding all cancers). The slope of

each line corresponding to the estimated MR effect in different models, including the conventional

IVW, MBE, WMM, MR-Egger, MR-RAPS and MR-PRESSO methods.

Supplementary Figure 12. Scatter plots of the replicate univariable mendelian randomization analysis

of childhood sunburn and non-melanoma skin cancer (controls excluding all cancers). The slope of

each line corresponding to the estimated MR effect in different models, including the conventional

IVW, MBE, WMM, MR-Egger, MR-RAPS and MR-PRESSO methods.

Supplementary Figure 13. Scatter plots of the replicate univariable mendelian randomization analysis

of childhood sunburn and melanoma in situ (controls excluding all cancers). The slope of each line

corresponding to the estimated MR effect in different models, including the conventional IVW, MBE,

WMM, MR-Egger, MR-RAPS and MR-PRESSO methods.

Supplementary Figure 14. Scatter plots of the replicate univariable mendelian randomization analysis

of childhood sunburn and melanoma in situ of face (controls excluding all cancers). The slope of each

line corresponding to the estimated MR effect in different models, including the conventional IVW,

MBE, WMM, MR-Egger, MR-RAPS and MR-PRESSO methods.



Supplementary Figure 15. Scatter plots of the replicate univariable mendelian randomization analysis

of childhood sunburn and melanoma in situ of trunk (controls excluding all cancers). The slope of each

line corresponding to the estimated MR effect in different models, including the conventional IVW,

MBE, WMM, MR-Egger, MR-RAPS and MR-PRESSO methods.

Supplementary Figure 16. Scatter plots of the replicate univariable mendelian randomization analysis

of childhood sunburn and melanoma in situ of lowerlimb (controls excluding all cancers). The slope of

each line corresponding to the estimated MR effect in different models, including the conventional

IVW, MBE, WMM, MR-Egger, MR-RAPS and MR-PRESSO methods.

Supplementary Figure 17. Scatter plots of the replicate univariable mendelian randomization analysis

of childhood sunburn and melanoma in situ of upperlimb (controls excluding all cancers). The slope of

each line corresponding to the estimated MR effect in different models, including the conventional

IVW, MBE, WMM, MR-Egger, MR-RAPS and MR-PRESSO methods.

Supplementary Figure 18. Leave-one-out stability tests of the univariable mendelian randomization

analysis of childhood sunburn and malignant melanoma of skin. Calculate the MR results of the

remaining IVs after removing the IVs one by one.

Supplementary Figure 19. Leave-one-out stability tests of the univariable mendelian randomization

analysis of childhood sunburn and non-melanoma skin cancer. Calculate the MR results of the

remaining IVs after removing the IVs one by one.

Supplementary Figure 20. Leave-one-out stability tests of the univariable mendelian randomization

analysis of childhood sunburn and squamous cell carcinomas of the skin. Calculate the MR results of

the remaining IVs after removing the IVs one by one.

Supplementary Figure 21. Leave-one-out stability tests of the univariable mendelian randomization

analysis of childhood sunburn and basal cell carcinomas of the skin. Calculate the MR results of the

remaining IVs after removing the IVs one by one.

Supplementary Figure 22. Leave-one-out stability tests of the univariable mendelian randomization

analysis of childhood sunburn and melanoma in situ. Calculate the MR results of the remaining IVs

after removing the IVs one by one.

Supplementary Figure 23. Leave-one-out stability tests of the univariable mendelian randomization

analysis of childhood sunburn and melanoma in situ of face. Calculate the MR results of the remaining

IVs after removing the IVs one by one.



Supplementary Figure 24. Leave-one-out stability tests of the univariable mendelian randomization

analysis of childhood sunburn and melanoma in situ of trunk. Calculate the MR results of the

remaining IVs after removing the IVs one by one.

Supplementary Figure 25. Leave-one-out stability tests of the univariable mendelian randomization

analysis of childhood sunburn and melanoma in situ of lowerlimb. Calculate the MR results of the

remaining IVs after removing the IVs one by one.

Supplementary Figure 26. Leave-one-out stability tests of the univariable mendelian randomization

analysis of childhood sunburn and melanoma in situ of upperlimb. Calculate the MR results of the

remaining IVs after removing the IVs one by one.

Supplementary Figure 27. Leave-one-out stability tests of the replicate univariable mendelian

randomization analysis of childhood sunburn and malignant melanoma of skin (controls excluding all

cancers). Calculate the MR results of the remaining IVs after removing the IVs one by one.

Supplementary Figure 28. Leave-one-out stability tests of the replicate univariable mendelian

randomization analysis of childhood sunburn and non-melanoma skin cancer (controls excluding all

cancers). Calculate the MR results of the remaining IVs after removing the IVs one by one.

Supplementary Figure 29. Leave-one-out stability tests of the replicate univariable mendelian

randomization analysis of childhood sunburn and melanoma in situ (controls excluding all cancers).

Calculate the MR results of the remaining IVs after removing the IVs one by one.

Supplementary Figure 30. Leave-one-out stability tests of the replicate univariable mendelian

randomization analysis of childhood sunburn and melanoma in situ of face (controls excluding all

cancers). Calculate the MR results of the remaining IVs after removing the IVs one by one.

Supplementary Figure 31. Leave-one-out stability tests of the replicate univariable mendelian

randomization analysis of childhood sunburn and melanoma in situ of trunk (controls excluding all

cancers). Calculate the MR results of the remaining IVs after removing the IVs one by one.

Supplementary Figure 32. Leave-one-out stability tests of the replicate univariable mendelian

randomization analysis of childhood sunburn and melanoma in situ of lowerlimb (controls excluding

all cancers). Calculate the MR results of the remaining IVs after removing the IVs one by one.

Supplementary Figure 33. Leave-one-out stability tests of the replicate univariable mendelian

randomization analysis of childhood sunburn and melanoma in situ of upperlimb (controls excluding

all cancers). Calculate the MR results of the remaining IVs after removing the IVs one by one.



Supplementary Figure 34. The forest plot of the CAUSE method MR analysis. Causal estimates were

given as beta and 95% confidence intervals (CIs).

Supplementary Figure 35. The forest plot of the replicate CAUSE method MR analysis (controls

excluding all cancers). Causal estimates were given as beta and 95% confidence intervals (CIs).

Supplementary Figure 36. The forest plot of the mediation MR analyses. Causal estimates given as

odds ratio (OR) and 95% confidence intervals (CIs) for the effect of childhood sunburn and skin

carcinoma risk. Red:total effect; Green: effect of skin colour; Purple: effect of serum vitamin D levels;

Blue: effect of body mass index; Orange: effect of alcohol intake; Black: effect of smoking; Brown:

effect of hair colour; Grey: effect of facial ageing.

Supplementary Figure 37. The forest plot of the replicate mediation MR analyses (controls excluding

all cancers). Causal estimates given as odds ratio (OR) and 95% confidence intervals (CIs) for the

effect of childhood sunburn and skin carcinoma risk. Red:total effect; Green: effect of skin colour;

Purple: effect of serum vitamin D levels; Blue: effect of body mass index; Orange: effect of alcohol

intake; Black: effect of smoking; Brown: effect of hair colour; Grey: effect of facial ageing.



Supplementary Figure 1. (A) Diagram for key assumptions of MR analyses. Childhood sunburn

SNPs were used as the genetic instruments to investigate the causal effect of childhood sunburn

upon melanoma and non-melanoma Skin Cancer. Line with arrows indicate that the genetic

instruments (SNPs) are associated with the exposure and could only affect the outcome via the

exposure. Dashed lines indicate that the genetic instruments (SNPs) are independent of any

confounding variables between the results. (B) Schematic design for the mendelian randomization

analysis. MM, malignant melanoma; NMSC, non-melanoma skin cancer; MIS, melanoma in situ; BCC,

basal cell carcinoma; SCC, squamous cell carcinoma.



Supplementary Figure 2. Scatter plots of the univariable mendelian randomization analysis of

childhood sunburn and malignant melanoma of skin. The slope of each line corresponding to the

estimated MR effect in different models, including the conventional IVW, MBE, WMM, MR-Egger,

MR-RAPS and MR-PRESSO methods.



Supplementary Figure 3. Scatter plots of the univariable mendelian randomization analysis of

childhood sunburn and non-melanoma skin cancer. The slope of each line corresponding to the

estimated MR effect in different models, including the conventional IVW, MBE, WMM, MR-Egger,

MR-RAPS and MR-PRESSO methods.



Supplementary Figure 4. Scatter plots of the univariable mendelian randomization analysis of

childhood sunburn and squamous cell carcinomas of the skin. The slope of each line corresponding to

the estimated MR effect in different models, including the conventional IVW, MBE, WMM, MR-Egger,

MR-RAPS and MR-PRESSO methods.



Supplementary Figure 5. Scatter plots of the univariable mendelian randomization analysis of

childhood sunburn and basal cell carcinomas of the skin. The slope of each line corresponding to the

estimated MR effect in different models, including the conventional IVW, MBE, WMM, MR-Egger,

MR-RAPS and MR-PRESSO methods.



Supplementary Figure 6. Scatter plots of the univariable mendelian randomization analysis of

childhood sunburn and melanoma in situ. The slope of each line corresponding to the estimated MR

effect in different models, including the conventional IVW, MBE, WMM, MR-Egger, MR-RAPS and

MR-PRESSO methods.



Supplementary Figure 7. Scatter plots of the univariable mendelian randomization analysis of

childhood sunburn and melanoma in situ of face. The slope of each line corresponding to the estimated

MR effect in different models, including the conventional IVW, MBE, WMM, MR-Egger, MR-RAPS

and MR-PRESSO methods.



Supplementary Figure 8. Scatter plots of the univariable mendelian randomization analysis of

childhood sunburn and childhood sunburn on melanoma in situ of trunk. The slope of each line

corresponding to the estimated MR effect in different models, including the conventional IVW, MBE,

WMM, MR-Egger, MR-RAPS and MR-PRESSO methods.



Supplementary Figure 9. Scatter plots of the univariable mendelian randomization analysis of

childhood sunburn and childhood sunburn on melanoma in situ of lowerlimb. The slope of each line

corresponding to the estimated MR effect in different models, including the conventional IVW, MBE,

WMM, MR-Egger, MR-RAPS and MR-PRESSO methods.



Supplementary Figure 10. Scatter plots of the univariable mendelian randomization analysis of

childhood sunburn and childhood sunburn on melanoma in situ of upperlimb. The slope of each line

corresponding to the estimated MR effect in different models, including the conventional IVW, MBE,

WMM, MR-Egger, MR-RAPS and MR-PRESSO methods.



Supplementary Figure 11. Scatter plots of the replicate univariable mendelian randomization analysis

of childhood sunburn and malignant melanoma of skin (controls excluding all cancers). The slope of

each line corresponding to the estimated MR effect in different models, including the conventional

IVW, MBE, WMM, MR-Egger, MR-RAPS and MR-PRESSO methods.



Supplementary Figure 12. Scatter plots of the replicate univariable mendelian randomization analysis

of childhood sunburn and non-melanoma skin cancer (controls excluding all cancers). The slope of

each line corresponding to the estimated MR effect in different models, including the conventional

IVW, MBE, WMM, MR-Egger, MR-RAPS and MR-PRESSO methods.



Supplementary Figure 13. Scatter plots of the replicate univariable mendelian randomization analysis

of childhood sunburn and melanoma in situ (controls excluding all cancers). The slope of each line

corresponding to the estimated MR effect in different models, including the conventional IVW, MBE,

WMM, MR-Egger, MR-RAPS and MR-PRESSO methods.



Supplementary Figure 14. Scatter plots of the replicate univariable mendelian randomization analysis

of childhood sunburn and melanoma in situ of face (controls excluding all cancers). The slope of each

line corresponding to the estimated MR effect in different models, including the conventional IVW,

MBE, WMM, MR-Egger, MR-RAPS and MR-PRESSO methods.



Supplementary Figure 15. Scatter plots of the replicate univariable mendelian randomization analysis

of childhood sunburn and melanoma in situ of trunk (controls excluding all cancers). The slope of each

line corresponding to the estimated MR effect in different models, including the conventional IVW,

MBE, WMM, MR-Egger, MR-RAPS and MR-PRESSO methods.



Supplementary Figure 16. Scatter plots of the replicate univariable mendelian randomization analysis

of childhood sunburn and melanoma in situ of lowerlimb (controls excluding all cancers). The slope of

each line corresponding to the estimated MR effect in different models, including the conventional

IVW, MBE, WMM, MR-Egger, MR-RAPS and MR-PRESSO methods.



Supplementary Figure 17. Scatter plots of the replicate univariable mendelian randomization analysis

of childhood sunburn and melanoma in situ of upperlimb (controls excluding all cancers). The slope of

each line corresponding to the estimated MR effect in different models, including the conventional

IVW, MBE, WMM, MR-Egger, MR-RAPS and MR-PRESSO methods.



Supplementary Figure 18. Leave-one-out stability tests of the univariable mendelian randomization

analysis of childhood sunburn and malignant melanoma of skin. Calculate the MR results of the

remaining IVs after removing the IVs one by one.



Supplementary Figure 19. Leave-one-out stability tests of the univariable mendelian randomization

analysis of childhood sunburn and non-melanoma skin cancer. Calculate the MR results of the

remaining IVs after removing the IVs one by one.



Supplementary Figure 20. Leave-one-out stability tests of the univariable mendelian randomization

analysis of childhood sunburn and squamous cell carcinomas of the skin. Calculate the MR results of

the remaining IVs after removing the IVs one by one.



Supplementary Figure 21. Leave-one-out stability tests of the univariable mendelian randomization

analysis of childhood sunburn and basal cell carcinomas of the skin. Calculate the MR results of the

remaining IVs after removing the IVs one by one.

Supplementary Figure 22. Leave-one-out stability tests of the univariable mendelian randomization

analysis of childhood sunburn and melanoma in situ. Calculate the MR results of the remaining IVs

after removing the IVs one by one.



Supplementary Figure 23. Leave-one-out stability tests of the univariable mendelian randomization

analysis of childhood sunburn and melanoma in situ of face. Calculate the MR results of the remaining

IVs after removing the IVs one by one.



Supplementary Figure 24. Leave-one-out stability tests of the univariable mendelian randomization

analysis of childhood sunburn and melanoma in situ of trunk. Calculate the MR results of the

remaining IVs after removing the IVs one by one.



Supplementary Figure 25. Leave-one-out stability tests of the univariable mendelian randomization

analysis of childhood sunburn and melanoma in situ of lowerlimb. Calculate the MR results of the

remaining IVs after removing the IVs one by one.



Supplementary Figure 26. Leave-one-out stability tests of the univariable mendelian randomization

analysis of childhood sunburn and melanoma in situ of upperlimb. Calculate the MR results of the

remaining IVs after removing the IVs one by one.

Supplementary Figure 27. Leave-one-out stability tests of the replicate univariable mendelian

randomization analysis of childhood sunburn and malignant melanoma of skin (controls excluding all

cancers). Calculate the MR results of the remaining IVs after removing the IVs one by one.



Supplementary Figure 28. Leave-one-out stability tests of the replicate univariable mendelian

randomization analysis of childhood sunburn and non-melanoma skin cancer (controls excluding all

cancers). Calculate the MR results of the remaining IVs after removing the IVs one by one.



Supplementary Figure 29. Leave-one-out stability tests of the replicate univariable mendelian

randomization analysis of childhood sunburn and melanoma in situ (controls excluding all cancers).

Calculate the MR results of the remaining IVs after removing the IVs one by one.



Supplementary Figure 30. Leave-one-out stability tests of the replicate univariable mendelian

randomization analysis of childhood sunburn and melanoma in situ of face (controls excluding all

cancers). Calculate the MR results of the remaining IVs after removing the IVs one by one.



Supplementary Figure 31. Leave-one-out stability tests of the replicate univariable mendelian

randomization analysis of childhood sunburn and melanoma in situ of trunk (controls excluding all

cancers). Calculate the MR results of the remaining IVs after removing the IVs one by one.



Supplementary Figure 32. Leave-one-out stability tests of the replicate univariable mendelian

randomization analysis of childhood sunburn and melanoma in situ of lowerlimb (controls excluding

all cancers). Calculate the MR results of the remaining IVs after removing the IVs one by one.



Supplementary Figure 33. Leave-one-out stability tests of the replicate univariable mendelian

randomization analysis of childhood sunburn and melanoma in situ of upperlimb (controls excluding

all cancers). Calculate the MR results of the remaining IVs after removing the IVs one by one.



Supplementary Figure 34. The forest plot of the CAUSE method MR analysis. Causal estimates were

given as beta and 95% confidence intervals (CIs).

Supplementary Figure 35. The forest plot of the replicate CAUSE method MR analysis (controls

excluding all cancers). Causal estimates were given as beta and 95% confidence intervals (CIs).





Supplementary Figure 36. The forest plot of the mediation MR analyses. Causal estimates given as 

odds ratio (OR) and 95% confidence intervals (CIs) for the effect of childhood sunburn and skin 

carcinoma risk. Red:total effect; Green: effect of skin colour; Purple: effect of serum vitamin D levels;

Blue: effect of body mass index; Orange: effect of alcohol intake; Black: effect of smoking; Brown:

effect of hair colour; Grey: effect of facial ageing.





Supplementary Figure 37. The forest plot of the replicate mediation MR analyses (controls excluding 

all cancers). Causal estimates given as odds ratio (OR) and 95% confidence intervals (CIs) for the 

effect of childhood sunburn and skin carcinoma risk. Red:total effect; Green: effect of skin colour;

Purple: effect of serum vitamin D levels; Blue: effect of body mass index; Orange: effect of alcohol 

intake; Black: effect of smoking; Brown: effect of hair colour; Grey: effect of facial ageing.


