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Supplementary Methods 

Classification of maternal diabetes type 

Where discrepancies were found between different registers, mothers were classified as having type 
1 diabetes if any register included a code for type 1 diabetes before the child’s birth. Otherwise, 
mothers were classified as having gestational diabetes if any register included a code for gestational 
diabetes. Mothers (n=1847) who were identified using the indicator variable in the Medical Birth 
Register but did not have a diagnosis in the hospital inpatient and outpatient registers were classified 
as having gestational diabetes. 

Assessing proportional hazards assumptions 

The assumption of proportional hazards was examined using Schoenfeld residuals, and was met for 
all cancer subtypes combined, leukemia, ALL, and lymphoma, using stratified models allowing 
separate baseline hazards for boys and girls, each decade of birth, child’s diabetes status and birth 
defects. The assumption of proportional hazards for CBT was met using stratified models as above, 
and additionally allowing separate baseline hazards for each category of birth weight by gestational 
age. 
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Supplementary Table 1a. ICD codes used to classify exposure in main analysis 

 

 

 

 

 

 

a codes for mothers were ascertained from the medical birth register, hospital inpatient and hospital outpatient registers 

b codes for the children were ascertained from the medical birth register and indicated a child of a mother with diabetes 

c ICD-8 between 1973 and 1986, ICD-9 between 1987 and 1996, ICD-10 after 1996 

d indicator variable for child of mother with diabetes (yes/no) 
 

Supplementary Table 1b. ICD codes used to classify exposure in analysis by maternal 

diabetes type 

 

a codes for mothers were ascertained from the medical birth register, hospital inpatient and hospital outpatient registers 

b codes for children were ascertained from the medical birth register and indicated a child of a mother with diabetes 

c ICD-8 between 1973 and 1986, ICD-9 between 1987 and 1996, ICD-10 after 1996 

Code for mother or child  ICD versionc ICD code 

Mothera ICD-8 250 
Mothera ICD-9 250, 648A and 648W 

Mothera ICD-10 E10, E11, O240, O241, O243, O244 and 
O249 

Childb ICD-8 76110 

Childb ICD-9 775A 

Childb ICD-10 P701 and P700 

Childb Indicator variabled  

Code for mother or child  ICD versionc ICD code Diabetes type 

Mothera ICD-8 250 Type 1/Type 2 e 
Mothera ICD-9 250 and 648A  Type 1/Type 2 e 
Mothera ICD-10 O243 and O249 Type 1/Type 2 e 

Childb ICD-8 76110 Type 1/Type 2 e 

Childb ICD-9 775A Type 1/Type 2 e 

Childb ICD-10 P701 Type 1/Type 2 e 
Mothera ICD-10 E10  Type 1 
Mothera ICD-10 O240  Type 1 
Mothera ICD-10 E11 Type 2 
Mothera ICD-10 O241  Type 2 
Mothera ICD-10 O244  Gestational diabetes 

Childb ICD-10 P700  Gestational diabetes 

Mothera ICD-9 648W  Gestational diabetes 

Childb Indicator variabled  Gestational diabetes 
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d indicator variable for child of mother with diabetes (Yes/No). If this was the only record of the mother having diabetes (i.e. she did not 

have an ICD code for diabetes recorded in the medical birth register or the inpatient or outpatient registers) she was assumed to have 
gestational diabetes (n=1793) 

 e Type 1 if mothers age at diagnosis <30 years, type 2 if mothers age at diagnosis >=30 years   
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Supplementary Table 2. Incidence rate ratios (IRRs) and 95% confidence intervals (95% CIs) of 
different types of childhood cancer by maternal diabetes status, in 2,532,252 children born 1983-
2014 and followed from birth for up to age 15 years or to December 2015, with data available on 
maternal smoking during pregnancy and maternal pre-pregnancy body mass index (BMI) 

 

 

 

 

 

 

 

 

 

 

 

CBT, childhood brain tumor; ALL, acute lymphoblastic leukemia  
 
Estimated using Cox proportional hazards models  
 
a Unadjusted estimates 

b Adjusted for child’s sex, decade of birth, maternal age, highest attained parental education level, birth order, maternal smoking during 
pregnancy and maternal pre-pregnancy BMI 
 
c Adjusted for child’s sex, decade of birth, maternal age, highest attained parental education level, birth order, maternal smoking during 
pregnancy and maternal pre-pregnancy BMI, birth weight by gestational age, gestational age, child’s diabetes status, and birth defects 
 
d All types of leukemia combined 

 

  

 
Number of 

cases 

Model 1a 

IRR (95% CI) 

Model 2b 

IRR (95% CI) 

Model 3c  

IRR (95% CI) 

All cancer subtypes 
combined 

  
 

No maternal diabetes 4833 Reference Reference Reference 

Maternal diabetes 86 1.12 (0.91,1.39) 1.11 (0.89,1.37) 1.09 (0.88,1.35) 

CBT  
 

 
 

No maternal diabetes 1118 Reference Reference Reference 

Maternal diabetes 11 0.63 (0.35,1.14) 0.63 (0.35,1.14) 0.58 (0.32,1.04) 

Leukemiad  
 

 
 

No maternal diabetes 1504 Reference Reference Reference 

Maternal diabetes 37 1.53 (1.10,2.12) 1.49 (1.07,2.07) 1.47 (1.06,2.05) 

ALL  
 

 
 

No maternal diabetes 1173 Reference Reference Reference 

Maternal diabetes 30 1.59 (1.11,2.29) 1.55 (1.07,2.24) 1.55 (1.07,2.23) 

Lymphoma  
 

 
 

No maternal diabetes 470 Reference Reference Reference 

Maternal diabetes 8 1.11 (0.55,2.23) 1.06 (0.53,2.13) 1.13 (0.56,2.27) 
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Supplementary Table 3. Incidence rate ratios (IRRs) and 95% confidence intervals (95% CIs) of 
different types of childhood cancer by maternal diabetes status, in 4,239,965 children born 
between 1973-2014 and followed from birth for up to age 6 years or to December 2015 
 
 
 

CBT, childhood brain tumor; ALL, acute lymphoblastic leukemia 
 
Estimated using Cox proportional hazards models  
 
a Unadjusted estimates 

b Adjusted for child’s sex, decade of birth, maternal age, highest attained parental education level and birth order 

c Adjusted for child’s sex, decade of birth, maternal age, highest attained parental education level, birth order, birth weight by gestational 

age, gestational age, child’s diabetes status, and birth defects 

d All types of leukemia combined 

 

  

 
Number 

of cases 

Model 1a 

IRR (95% CI) 

Model 2b 

IRR (95% CI) 

Model 3c  

IRR (95% CI) 

All cancer subtypes combined 
 

No maternal diabetes 5009 Reference Reference Reference 

Maternal diabetes 80 1.12 (0.90,1.40) 1.10 (0.88,1.37) 1.06 (0.85,1.32) 

CBT  
 

 
 

No maternal diabetes 993 Reference Reference Reference 

Maternal diabetes 6 0.43 (0.19,0.95) 0.42 (0.19,0.94) 0.39 (0.18,0.87) 

Leukemiad  
 

 
 

No maternal diabetes 1754 Reference Reference Reference 

Maternal diabetes 43 1.73 (1.28,2.34) 1.67 (1.24,2.27) 1.58 (1.16,2.15) 

ALL  
 

 
 

No maternal diabetes 1372 Reference Reference Reference 

Maternal diabetes 37 1.91 (1.38,2.65) 1.84 (1.33,2.56) 1.80 (1.30,2.49) 

Lymphoma  
 

 
 

No maternal diabetes 340 Reference Reference Reference 

Maternal diabetes 8 1.66 (0.83,3.35) 1.57 (0.78,3.16) 1.64 (0.81,3.32) 
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Supplementary Table 4. Incidence rate ratios (IRRs) and 95% confidence intervals (95% CIs) of 
different types of childhood cancer by maternal diabetes status, in 4,239,965 children born 
between 1973-2014 and followed from birth for up to age 20 years or to December 2015 
 
 
 

CBT, childhood brain tumor; ALL, acute lymphoblastic leukemia 
 
Estimated using Cox proportional hazards models  
 
a Unadjusted estimates 

b Adjusted for child’s sex, decade of birth, maternal age, highest attained parental education level and birth order 

c Adjusted for child’s sex, decade of birth, maternal age, highest attained parental education level, birth order, birth weight by gestational 

age, gestational age, child’s diabetes status, and birth defects 

d All types of leukemia combined 

 

 

 
Number of 

cases 

Model 1a 

IRR (95% CI) 

Model 2b 

IRR (95% CI) 

Model 3c  

IRR (95% CI) 

All cancer subtypes combined  
 

No maternal diabetes 12136 Reference Reference Reference 

Maternal diabetes 175 1.14 (0.98,1.32) 1.12 (0.97,1.31) 1.09 (0.94,1.27) 

CBT  
 

 
 

No maternal diabetes 2485 Reference Reference Reference 

Maternal diabetes 23 0.72 (0.48,1.09) 0.73 (0.48,1.10) 0.70 (0.47,1.06) 

Leukemiad  
 

 
 

No maternal diabetes 2913 Reference Reference Reference 

Maternal diabetes 60 1.54 (1.20,1.99) 1.50 (1.16,1.94) 1.45 (1.12,1.88) 

ALL  
 

 
 

No maternal diabetes 2195 Reference Reference Reference 

Maternal diabetes 49 1.66 (1.25,2.21) 1.61 (1.21,2.14) 1.58 (1.19,2.09) 

Lymphoma  
 

 
 

No maternal diabetes 1412 Reference Reference Reference 

Maternal diabetes 28 1.63 (1.12,2.36) 1.59 (1.09,2.31) 1.57 (1.08,2.29) 
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Supplementary Table 5. Loci identified in genome-wide association studies for diabetes traits that are also associated with risk of cancer 

 
 
 

SNP: lead SNP from GWAS for diabetes traits as specified in the study referred to in PMID for Diabetes association. EA: Effect allele, i.e. the allele that is associated with higher risk of diabetes 
/ cancer. EAF: effect allele frequency. OR: odds ratio for the effect allele. Consistency in direction: 1 if SNP-diabetes and SNP-cancer associations are consistent with the direction of effect for 

diabetes and cancer at a trait level; NA for rs1334893, since the direction of effect of the A allele on fasting insulin depends on BMI. ALL: acute lymphoblastic leukemia. aAssociation with 

neuroblastoma only available for a proxy in full linkage disequilibrium (rs6852535; r2=1.0); results translated to rs2069762.  
 

  

 
Diabetes association Cancer association 

 
 

SNP chr Position Trait EA EAF P-value PMID Trait E
A 

OR P-value PMID Consistency 
in direction 

rs308971 3 12,075,120 Insulin resistance G 0.13 2.97E-11 27841877 Neuroblastoma A 1.141 0.031 21124317 1 

rs2069762a 4 122,557,561 Type 1 diabetes 
autoantibodies 

A 0.71 5.00E-07 21829393 Neuroblastoma A 1.126 0.012 21124317 0 

rs7005992 8 125,516,620 Insulin resistance C 0.15 5.87E-06 27841877 Neuroblastoma C 1.154 0.014 21124317 0 

rs1561927 8 128,555,832 Type 2 diabetes C 0.28 1.00E-07 24509480 Neuroblastoma T 1.104 0.040 21124317 1 

rs13334893 10 27,404,376 Fasting insulin 
(interaction with BMI) 

A 0.95 5.00E-06 22581228 Neuroblastoma A 1.194 0.028 21124317 NA 

rs1004446 11 2,148,913 Type 1 diabetes 
autoantibodies 

G 0.65 3.00E-23 21829393 Neuroblastoma G 1.125 8.80E-03 21124317 0 

rs5215 11 17,387,083 Type 2 diabetes C 0.28 3.00E-11 24509480 Neuroblastoma T 1.116 0.014 21124317 1 

rs1483121 11 48,311,808 Fasting glucose 
(interaction with BMI) 

G 0.94 2.00E-08 22581228 Neuroblastoma G 1.152 0.022 21124317 0 

rs2293941 13 27,917,061 Fasting glucose 
(interaction with BMI) 

A 0.29 5.00E-10 22581228 Neuroblastoma G 1.122 0.026 21124317 1 

rs4804833 19 7,905,750 Insulin resistance A 0.44 9.89E-08 27841877 Neuroblastoma A 1.096 0.035 21124317 0 

rs2476601 1 113,834,946 Type 1 diabetes 
autoantibodies 

A 0.04 2.00E-111 21829393 Common Hodgkin's 
Lymphoma 

A 1.240 3.70E-03 22286212 1 

rs7756992 6 20,679,478 Type 2 diabetes G 0.40 2.00E-26 24509480 Childhood ALL A 2.393 0.012 20189245 0 

rs17169104 7 15,844,102 Insulin resistance G 0.42 1.52E-06 27841877 Childhood ALL C 2.237 0.027 20189245 0 
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Supplementary Table 6. Genomic annotation of loci identified in genome-wide association studies for diabetes traits that are also associated with 

risk of neuroblastoma, common Hodgkin lymphoma or childhood acute lymphoblastic leukemia 

SNP chr position variant nearest 
gene 

Transcription factor binding Gene expression eQTL 

rs308971 3 12,075,120 intron SYN2 A proxy SNP (rs2648337) is located in a 
RUNX3 binding site 

SYN2 is almost 
exclusively expressed in 
brain, adipose tissue and 
breast 

The A allele of rs308971 is associated with a 
lower expression of SYN2 in pancreas (P=2.3E-
08), tibial artery (P=8.4E-09) and thyroid (P=1.3E-
07), amongst others 

rs2069762 4 122,557,561 intergenic IL2 Proxy SNPs are located in binding sites 
for FOS (rs45463791) and ATF1, 
EP300, GATA2, POLR2A, RCOR1 and 
TAL1 (rs4833829) 

IL2 is most highly 
expressed in small 
intestine, spleen and 
lung 

- 

rs7005992 8 125,516,620 intergenic LOC105375
746 

rs7005992 is located in a CTCF binding 
site 

No information available - 

rs1561927 8 128,555,832 intron LINC00824 rs1561927 is located in a POLR2A 
binding site 

LINC00824 encodes 
long intergenic non-
protein coding RNA 824 

- 

rs1334893 10 27,404,376 intron PTCHD3 - PTCHD3 is mainly 
expressed in testis, 
pancreas, adipose 
tissues and breast 

- 

rs1004446 11 2,148,913 intron IGF2 - IGF2 is expressed in 
adipose tissue and liver, 
amongst others 

The G allele of rs1004446 is associated with a 
lower expression of IGF2 in esophagus - mucosa 
(P=3.2E-5) 

rs5215 11 17,387,083 missense KCNJ11 - KCNJ11 is most highly 
expressed in skeletal 
muscle and brain 

rs5215 is a tolerated missense variant (based on 
Provean). The T allele tends to be associated with 
lower expression of KCNJ11 in skeletal muscle 
(P=3.2E-3), cortex (P=0.016), hypothalamus 
(P=0.028) and cerebellum (P=0.032) 

rs1483121 11 48,311,808 intergenic PTPRJ - FOLH1 is mainly 
expressed in prostate 
and brain 

The G allele of rs1483121 is associated with 
higher expression of FOLH1 in artery (aorta, 
P=2.2E-5) 
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rs2293941 13 27,917,061 intron PDX1-AS1 rs2292941is located in a binding site for 
TRIM28. Proxy SNPs are located in 
binding sites for EZH2 (rs3812861, 
rs7331478, rs61944006), SIN3A, 
ZNF263, IKZF1 (rs7331478), CHD1, 
CTBP2, SUZ12 (rs61944006) 

PDX1-AS1 is expressed 
in testis, pancreas and 
cells 

- 

rs4804833 19 7,905,750 intron MAP2K7 rs480833 is located in a ZNF263 binding 
site 

MAP2K7 is ubiquitously 
expressed 

The A allele of rs480493 is associated with higher 
expression of  CTD-3193O13.8 in esophagus 
muscularis (P=4.0E-6) 

rs2476601 1 113,834,946 intron AP4B1-AS1 rs2476601 is located in a binding site for 
FOS and STAT3 

AP4B1-AS1 is 
ubiquitously expressed 

The A allele of rs2476601 is associated with lower 
expression of AP4B1-AS1 in cells (P=1.0E-4) 

rs7756992 6 20,679,478 intron CDKAL1 rs7756992 is located in a binding site for 
RFX3 

CDKAL1 is ubiquitously 
expressed 

- 

rs17169104 7 15,844,102 intergenic LOC105375
167 

No information available No information available - 

Variant and nearest gene: identified using dbSNP; transcription factor binding: proxies identified using SNIPA, transcription factor binding sites identified using regulomeDB; Gene expression: Identified using GTEx; eQTL 
(expression quantitative trait locus): association of the cancer increasing allele with expression of nearby genes across 44 tissues using GTEx. 

 


