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Supplementary methods 

UK population-based study: data collection and statistical methods 

Methods for the UK population study were described in depth previously 1. The study was approved by the London School of Hygiene and 

Tropical Medicine Ethics Committee.  Briefly, data were collected from the UK Clinical Practice Research Datalink (CPRD), which contains 

computerised primary-care records from general practitioners who use the Vision IT system and have agreed at the practice level to participate 

(covering about 9% of the UK population). The CPRD dataset is representative of the UK population in terms of age, sex, ethnicity and BMI 

when compared with census data 2,3 Study entry began 12 months after registration and we assigned BMI records as exposure only 12 months 

after their recording, to guard against reverse causality (ie, BMI being affected by undiagnosed cancer). We included all people aged 16 years or 

older with BMI and subsequent eligible follow-up time. BMI was recorded as per local general practice. Individuals with any record of cancer 

before study entry were excluded. BMI records and diagnosis collected between years 1987-2012 were included in the analysis. To identify 

outcomes of specific leukaemia sub-types, CPRD clinical records were searched for codes relating to: AML (ICD-10 codes: C92.0, C92.5, 

C92.6, C93.0, C94.0, C95.0); APL (ICD-10 code C92.4); LL (ICD-10 code C91); and any other leukaemias that were not specifically coded 

("other").  

Subjects were followed-up from study entry until the earliest of: first cancer diagnoses (any site), death, transfer out of CPRD, or last data 

collection of the practice. To relate BMI to risk of each type of leukaemia, we fitted Cox regression models with attained age as the underlying 



timescale. We fitted fully adjusted models, with BMI as a continuous linear term to estimate the average effect of a 5 kg/m² increase in BMI on 

leukaemia risk. We also fitted a model including BMI as a 3-knot spline in case of non-linearity in the relationship with leukaemia risk; we 

tested for evidence of non-linearity by conducting a likelihood ratio test comparing nested models with and without the non-linear terms in the 

spline basis. We controlled for the following covariates at time of the BMI record(s): age (three-knot restricted cubic spline to allow for non-

linearity); smoking status (never smoker, current smoker, ex-smoker); alcohol use (non-drinker, current drinker [light, moderate, heavy, 

unknown], ex-drinker); previous diabetes diagnosis; index of multiple deprivation (in quintiles, a measure of socioeconomic status); calendar 

period (<1989, 1990–94, 1995–99, 2000–04, 2005–09, ≥2010); and stratified by sex. We excluded people with missing smoking (49 206/5.24 

million [0.9%]) and alcohol status (394 196/5.24 million [7.5%]. All CIs are presented at the 95% level.  

Cross-sectional studies: data collection and statistical methods 

APL cases from Spain were extracted from the PETHEMA database to include 414 cases diagnosed between 1998 and 2012. APL cases from 

Italy were 134 adult patients treated with AIDA protocol included in the previously described cohort 4.  APL cases from USA included the entire 

cohort of the published AML TCGA project 5 (n=20) plus 22 additional APL cases, unselected for any clinical variable, diagnosed at 

Washington University (Expanded TCGA cohort). For all case cohorts, BMI was measured at the time of diagnosis. Data collection was 

approved by the Research Ethics Board of each participating institution, as referenced 5–8 

We compared the distribution of BMI observed in the three APL case cohorts to the distribution of BMI expected in the general population of 



the same countries. Specifically, to calculate the expected distribution of BMI in Italy we used data from the Italian National Institute of 

Statistics 9 and we selected the area of Lazio, where the APL cases were diagnosed, in the years 2000-2010. For Spain, we used data from the 

Eurostat 10 and we selected the general population of Spain in the year 2008, the only year available. For both Italy and Spain, the expected BMI 

distribution was calculated using the available age- and sex- specific BMI distribution of the general population classified in 3 categories (<25; 

25-29.9; ≥30). For USA we used the 2009-2010 data from the American National Health and Nutrition Examination Survey 11. The expected 

BMI distribution was calculated using the available race-, age- and sex- specific BMI distribution of the general population classified in 4 

categories (<25; 25-29.9; 30.0-34.9; ≥35). 

The global null hypothesis that the observed counts did not differ from the expected ones across the BMI categories was tested in a null Poisson 

regression model, where the observed counts were considered as dependent variable and the expected counts as the offset. We included in the 

model BMI as an ordinal variable to test the log-linear relationship between BMI and the observed to expected ratio (i.e. to test for linear trend). 

The Pearson's chi-square goodness of fit test p-value was reported. 

Expression data analysis 

Expression data (RPKM matrix) were downloaded from the AML TCGA data portal. Cases with available RNAseq, BMI and FAB classification 

data (177/200) were used in the present study. Cases were classified by FAB in "APL" (FAB="M3") and "non-APL" (FAB ≠ "M3") and by BMI 

in "obese" (BMI ≥ 30) and "non-obese" (BMI < 30). Genes with < 0.2 RPKM in at least 75% of patients were removed 5. The Quantitative Set 



Analysis for Gene Expression method as implemented in the quSAGE package 12 in the R programming language (v 3.2.3) was used to conduct 

supervised	gene	set	enrichment	analysis.	For	each	expressed	gene,	the	quSAGE	algorithm	calculates	a	probability	density	function	(PDF)	

of	differential	expression	between	two	groups	of	samples.	For	each	gene	set,	it	then	calculates	"activity",	ie	the	mean	difference	in	log-

expression	of	individual	genes	included	in	a	gene	set. Gene sets with False Discovery Rate (FDR) < 0.05 were considered significant. We 

focused on the KEGG and CGP gene set collections, downladed from MSigDB (http://software.broadinstitute.org/gsea/msigdb/). The CGP 

collection was used to confirm enrichment of previously identified APL-specific gene signatures 13 (supplementary table S2). We focused on the 

KEGG collection as it is enriched for metabolism-associated gene annotations14. The script to generate the present results is available upon 

request.  

Mutational data analysis 

For the analysis in the TCGA data, mutational data were retrieved from the TCGA AML paper5 and AML driver genes were downloaded from 

IntOgen 15. For each gene, different mutations were conflated so that gene status in each patient was either "mutated" or "wild type". For each 

gene we then calculated the number of mutated or wild-type patients in the obese or non-obese groups, and calculated Odds Ratios (OR), 95% 

confidence intervals (CI) and p-values by Fisher's test with Benjamini-Hochberg correction. Only genes with >1 mutation in the dataset were 

considered, using the fdsm package in R. 



For the analysis of the retrospective cohort, FLT3 Internal Tandem Duplication (ITD) mutational data were provided by the referring centers. 

Logistic regression was employed to calculate ORs with 95% CI. 
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Table	S1.	quSage	activity	scores	of	previously	idntified	APL-associated	signature	and	PPARG	transcriptional	targets			
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ange		

p.Va	
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00		
0.0	
000		 -0.0506		 0.29	
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53		
0.0	
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00		
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24		
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0.6578		

	
0.00	
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000		
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0.94	
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995		
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0.4	
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-0.0167		 0.84	42		 		
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Table	S2.	quSage	activity	scores	of	KEGG	gene	sets.	Only	gene	sets	with	FDR	<	0.05	in	at	least	one	comparison	are	shown	
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KEGG_RENIN_ANGIOTENSIN_SYSTEM		 0.6503		 0.0	
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0.0	
09	3		 -0.0187		 0.8	

880		
0.9	
85	9		 -0.2661		 0.5	
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297		
0.9	
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KEGG_LINOLEIC_ACID_METABOLISM		 	
0.6381		
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0.0	
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0.9	
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KEGG_ARACHIDONIC_ACID_METABOLI	SM		 	
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0.0	
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13	0		
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0.9	
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0.7	
26	4		
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0.3	
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KEGG_GLYCOSAMINOGLYCAN_DEGRA	DATION		 0.3208		 0.0	

000		
0.0	
00		 0.1114		 0.0	
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1		
			

KEGG_HISTIDINE_METABOLISM		 0.2996		 0.0	
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14	8		 0.0633		 0.3	

112		
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0.0	
001		
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-0.0136		
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0.2	
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0.3	
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-0.0421		
0.4	
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0.9	
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KEGG_LIMONENE_AND_PINENE_DEGR	ADATION		 0.1662		 0.0	
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0.0	
25	0		 0.0088		 0.8	
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0.9	
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0.0	
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0.0321		
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85	9		
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KEGG_PROTEIN_EXPORT		 0.1439		 0.0	
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0.9	
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0.9	
90	1		
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0.0	
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0.0002		
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Table	S3.	Mutation	prevalences	in	obese	("OB")	and	non-obese	("NW")	patients	in	the	TCGA	dataset		

ID		 OB_MUT		 NW_MU	T		 OB_WT		 NW_WT		 	
OR		 CI_inf		 CI_sup		 fisher		 mLogPva	l		 FDR		 Sum_Mut		

FLT3		 33		 22		 55		 88		 	
2.4000		 1.2706		 4.5335		 0.0070		 4.9636		 0.1607		 55		

NPM1		 23		 30		 65		
		
80		
			

0.9436		
	
0.5005		
		

	
1.7791		
		

	
0.8732		
		

	
0.1355		
		

	
1		
		

	
53		
		

DNMT3A		 20		 29		 68		 81		 0.8215		 0.4269		 1.5808		 0.6206		 0.4771		 1		 49		

IDH2		 9		 11		 79		 99		 	
1.0253		 0.4049		 2.5967		 1.0000		 0.0000		 1		 20		

IDH1		 10		 9		 78		
		
101		
			

1.4387		
	
0.5577		
		

	
3.7119		
		

	
0.4757		
		

	
0.7430		
		

	
1		
		

	
19		
		



RUNX1		 7		 12		 81		 98		 0.7058		 0.2655		 1.8758		 0.6287		 0.4642		 1		 19		

TET2		 7		
		

10		
		

81		 100		 	
0.8642		 0.3150		 2.3712		 0.8052		 0.2167		 1		 17		

TP53		 6		 10		 82		 100		 0.7317		 0.2552		 2.0981		 0.6100		 0.4943		 1		 16		

NRAS		 7		 8		 81		 		
102		 1.1019		 	

0.3835		
	
3.1660		

	
1.0000		

	
0.0000		

	
1		

	
15		

CEBPA		 6		
		

6		
		

82		 		
104		 1.2683		 	

0.3944		
	
4.0783		

	
0.7689		

	
0.2628		

	
1		

	
12		

WT1		 6		 6		 82		 104		 1.2683		 0.3944		 4.0783		 0.7689		 0.2628		 1		 12		

PTPN11		 4		
		

5		
		

84		 		
105		 1.0000		 	

0.2604		
	
3.8410		

	
1.0000		

	
0.0000		

	
1		

	
9		

KIT		 5		 3		 83		 107		 2.1486		 0.4991		 9.2497		 0.4703		 0.7544		 1		 8		

KRAS		 	
3		

	
5		 85		 105		

			
0.7412		 0.1722		

		
3.1903		
		

0.7348		
		

0.3081		
		

1		
		

8		
		

U2AF1		 2		 6		 86		 104		 0.4031		 0.0793		 2.0483		 0.3037		 1.1916		 1		 8		

STAG2		 	
2		

	
5		 86		 105		 0.4884		 0.0924		 2.5799		 0.4654		 0.7649		 1		 7		

PHF6		 	
1		

	
5		 87		 105		 0.2414		 0.0277		 2.1051		 0.2291		 1.4735		 1		 6		

ASXL1		 2		 3		 86		 107		 	
0.8295		 0.1355		 5.0763		 1.0000		 0.0000		 1		 5		

RAD21		 1		 4		 87		
		
106		
			

0.3046		
	
0.0334		
		

	
2.7754		
		

	
0.3843		
		

	
0.9564		
		

	
1		
		

	
5		
		

KDM6A		 2		 2		 86		 108		 1.2558		 0.1733		 9.0985		 1.0000		 0.0000		 1		 4		

DIS3		 1		 2		 87		 108		
	
0.6207		
		

0.0554		 6.9593		 1.0000		 0.0000		 1		 3		

EZH2		 0		 3		 88		 107		 0.0000		 0.0000		 NA		 0.2555		 1.3645		 1		 3		

SUZ12		 0		 3		 88		 		
107		

0.0000		
		

	
0.0000		

	
NA		

	
0.2555		

	
1.3645		

	
1		

	
3		

	


