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Table S1 SNPs selected for pharmacogenetics analysis
	Categorya
	Gene
	SNP
	Alleles
	MAF Europeansb
	Type
	Consequence(s) [reference]
	Associated phenotype(s) [reference]

	(2), 3
	GLP1R
	rs10305420
	C>T
	0.39 (T)
	Missense Pro7Leu
	Located in the N-terminal signal peptide. Functional consequence unknown
	Poorer treatment response to liraglutide regarding weight loss in women with obesity and polycystic ovarian syndrome [1]

	1, 2, 3
	GLP1R
	rs6923761
	G>A
	0.33 (A)
	Missense Gly168Ser
	Located in the 1st cytoplasmic loop
Associated with reduced cell surface expression and reduced agonist-induced Ca2+ mobilization [2]
	Better treatment response to liraglutide regarding weight loss in overweight patients with T2DM [3]
Nominally associated with altered β-cell responsivity in response to GLP-1 infusion [4]
Higher basal GLP-1 levels in treatment-naïve patients with T2DM [5]
Lower body mass index, weight, fat mass, waist circumference, triglycerides, leptin, resistin, and IL-6 serum levels among subjects with obesity and without diabetes [6]
Poorer weight loss response to biliopancreatic diversion surgery [7]
Affects treatment response to antipsychotics [8]

	2, 3
	GLP1R
	rs1042044
	C>A
	0.44 (A)
	Missense Phe260Leu
	Located in the 2nd cytoplasmic loop
Associated with reduced cell surface expression [2]
	Hypothalamus–pituitary–adrenal axis regulation; higher morning cortisol levels in children [9]
Affects treatment response to antipsychotics [8]

	3
	TCF7L2
	rs7903146
	C>T
	0.32 (T)
	Non-coding, intronic
	Likely functional variant. Associated with altered TCF7L2 splicing and transcription [10, 11]
	Increased T2DM risk [12]
Reduced GLP-1–induced insulin secretion [13]
Attenuates bodyweight loss in response to lifestyle intervention among individuals at risk for T2DM [14]

	1
	KCNQ1
	rs151290
	C>A
	0.21 (A)
	Non-coding, intronic
	ND
	Increased T2DM risk [15, 16]
Affects glucose-stimulated GLP-1 increase [17]
Nominally associated with reduced first-phase glucose-stimulated insulin secretion [16] 

	3
	WFS1
	rs10010131
	G>A
	0.37 (A)
	Non-coding, intronic
	ND
	Reduced T2DM risk (A allele) and increased T2DM risk (G allele) [18, 19]
T2DM risk allele associated with impaired GLP-1–induced insulin secretion [20]

	3
	IL6R
	rs2228145
	A>C
	0.36 (C)
	Missense Asp358Ala
	Increases proteolytic cleavage of membrane IL-6 receptor and attenuates classical IL-6 signaling [21]
	Increased circulating IL-6 concentrations, reduced C-reactive protein and fibrinogen concentrations, and reduced coronary heart disease risk [22]



GLP-1 glucagon-like peptide-1, IL-6 interleukin-6, MAF minor allele frequency, ND not determined, SNP single-nucleotide polymorphism, T2DM type 2 diabetes mellitus
a 1) SNPs affecting endogenous GLP-1 levels; 2) SNPs affecting the function or activity of the GLP-1 receptor; and 3) SNPs affecting GLP-1–mediated downstream pathways/biological effects (insulin secretion; central nervous system-mediated effects such as food intake, bodyweight loss, hypothalamic–pituitary–adrenal axis regulation; or IL-6/IL-6 receptor levels or functioning)
b MAF 1000 Genomes Project (EUR)
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Fig. S1 Study design, sample size at time points, and analysis sets. Inset white numbers represent numbers of participants with available data at each time point (the drop in numbers at 24 weeks in the transition from the double-blind to open-label periods represents those participants that did not continue into the extension period; two and three participants in the DAPA+ExQW and placebo groups, respectively). The full analysis sets (FAS) were employed for the generalized linear models and mixed-effects models for repeated measures analyses, and the pooled population of participants exposed to 24–28 weeks of DAPA+ExQW for the initial pharmacogenetic analyses. DAPA dapagliflozin, ExQW exenatide once weekly, R randomization
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Table S2 Baseline variables entered into iBMA and LASSO analyses (full analysis set)
	Variable
	Baseline mean ± SD or n (%)
	Data coverage

	General
	DAPA+ExQW
(n = 25)
	Placebo
(n = 24)
	Non-missing, na
	Missing, %

	Age, years
	52.6 ± 13.5
	49.2 ± 11.8
	49
	0.0

	Sex, n (%)
	
	
	49
	0.0

	Male
	10 (40.0)
	9 (37.5)
	
	

	Female
	15 (60.0)
	15 (62.5)
	
	

	Pharmacogenetic
	
	
	
	

	rs10010131
	
	
	49
	0.0

	0 A allele
	8 (32.0)
	9 (37.5)
	
	

	1 A allele
	12 (48.0)
	12 (50.0)
	
	

	2 A alleles
	5 (20.0)
	3 (12.5)
	
	

	Physical
	
	
	
	

	Weight, kg
	106.4 ± 15.6
	102.7 ± 17.3
	49
	0.0

	Body mass index, kg/m2
	35.9 ± 2.9
	35.0 ± 3.6
	49
	0.0

	Waist circumference, cm
	117.3 ± 10.9
	114.2 ± 13.0
	49
	0.0

	Hip circumference, cm
	120.9 ± 9.1
	117.7 ± 5.7
	49
	0.0

	Waist-to-hip ratio
	0.97 ± 0.10
	0.97 ± 0.11
	49
	0.0

	Total lean tissue, L
	42.6 ± 9.6
	40.4 ± 9.1
	46
	6.1

	Body fat, %
	41.7 ± 6.7
	39.2 ± 6.0
	49
	0.0

	Total adipose tissue, L
	57.1 ± 9.7
	53.4 ± 7.0
	46
	6.1

	Visceral adipose tissue, L
	6.3 ± 3.1
	5.7 ± 2.4
	47
	4.1

	Subcutaneous adipose tissue, L
	14.3 ± 3.8
	14.0 ± 2.4
	46
	6.1

	SAT-to-VAT ratio
	2.86 ± 1.55
	2.9 ± 1.1
	44
	10.2

	Liver volume, L
	1.89 ± 0.40
	1.79 ± 0.34
	47
	4.1

	Liver fat, %
	10.9 ± 10.6
	10.0 ± 8.5
	48
	2.0

	Total liver fat, L
	0.23 ± 0.26
	0.18 ± 0.19
	47
	4.1

	Glycemic
	
	
	
	

	Fasting plasma glucose, mmol/L
	5.9 ± 0.6
	5.8 ± 0.4
	49
	0.0

	2-h postprandial glucose, mmol/L
	7.8 ± 2.3
	7.1 ± 1.1
	49
	0.0

	Glucose AUC, mmol/L•min
	1474 ± 335
	1323 ± 181
	48
	2.0

	Prediabetes, n (%)
	17 (68.0)
	19 (79.2)
	49
	0.0

	Glycated hemoglobin, mmol/mol
	37.2 ± 3.9
	38.1 ± 3.3
	49
	0.0

	Glucose regulation
	
	
	
	

	Insulin fasting, mU/L
	13.5 ± 6.5
	15.1 ± 8.6
	49
	0.0

	Insulin AUC, mU/L•min
	13,341 ± 9023
	16,106 ± 10,262
	48
	2.0

	Insulinogenic index
	19.3 ± 31.2
	36.0 ± 21.6
	49
	0.0

	Quicki 
	0.32 ± 0.03
	0.32 ± 0.02
	49
	0.0

	Matsuda index (adjusted for UGE)
	3.69 ± 2.26
	3.08 ± 1.55
	48
	2.0

	Glucagon fasting, nM
	10.0 ± 6.6
	8.4 ± 4.7
	43
	12.2

	2-h glucagon, nM
	3.1 ± 3.5
	3.4 ± 2.3
	43
	12.2

	GLP-1 fasting, pM
	23.5 ± 21.8
	21.3 ± 16.8
	49
	0.0

	GLP-1 AUC, pM•min
	3116 ± 2299
	3189 ± 1680
	49
	0.0

	Amylin fasting, pM
	24.5 ± 40.0
	17.6 ± 24.7
	49
	0.0

	Amylin AUC, pM•min
	4024 ± 5142
	3218 ± 3311
	49
	0.0

	Interleukin-6 fasting, pg/mL
	1.33 ± 1.03
	1.37 ± 1.51
	49
	0.0

	Lipid metabolism
	
	
	
	

	FFA fasting, nM
	255.0 ± 129.8
	205.0 ± 53.5
	43
	12.2

	FFA AUC, nM•min
	13,526 ± 7545
	10,915 ± 4534
	43
	12.2

	Glycerol fasting, nM
	120.0 ± 40.3
	116.8 ± 42.2
	43
	12.2

	Glycerol AUC, nM•min
	9433 ± 2664
	9218 ± 3041
	43
	12.2

	Beta-OH-butyrate fasting, mmol/L
	0.23 ± 0.11
	0.21 ± 0.07
	49
	0.0

	Other clinical chemistry
	
	
	
	

	Creatinine, µmol/L
	73.3 ± 14.5
	72.5 ± 11.5
	47
	4.1

	eGFR, mL/min/1.73 m2
	85.0 ± 17.3
	84.6 ± 12.1
	47
	4.1

	C-peptide, nmol/L
	1.06 ± 0.38
	1.03 ± 0.30
	45
	8.2

	Sodium, mmol/L
	142.0 ± 1.6
	142.8 ± 1.3
	48
	2.0

	Potassium, mmol/L
	3.76 ± 0.30
	3.68 ± 0.25
	49
	0.0

	Calcium, mmol/L
	2.29 ± 0.08
	2.31 ± 0.09
	49
	0.0

	B-hemoglobin, g/L
	140.9 ± 15.8
	143.2 ± 12.1
	48
	2.0

	Hematocrit, %
	41.3 ± 4.7
	42.0 ± 3.0
	49
	0.0

	Albumin, g/L
	37.6 ± 2.2
	38.3 ± 2.5
	48
	2.0

	Alanine transaminase, µkat/L
	0.63 ± 0.38
	0.61 ± 0.33
	48
	2.0

	Aspartate transaminase, µkat/L
	0.54 ± 0.19
	0.51 ± 0.14
	48
	2.0

	Alkaline phosphatase, µkat/L
	1.22 ± 0.27
	1.12 ± 0.24
	48
	2.0

	Total bilirubin, µmol/L
	12.4 ± 5.6
	10.7 ± 3.3
	49
	0.0

	Creatine kinase, µkat/L
	2.21 ± 1.43
	2.04 ± 1.10
	48
	2.0

	C-reactive protein, mg/L
	3.36 ± 2.51
	3.20 ± 2.58
	48
	2.0

	Total cholesterol, mmol/L
	5.34 ± 1.00
	5.35 ± 0.95
	49
	0.0

	HDL cholesterol, mmol/L
	1.26 ± 0.28
	1.26 ± 0.31
	49
	0.0

	LDL cholesterol, mmol/L
	3.52 ± 0.91
	3.44 ± 0.89
	49
	0.0

	Triglycerides, mmol/L
	1.40 ± 0.57
	1.59 ± 0.59
	49
	0.0



AUC area under the concentration–time curve, DAPA dapagliflozin, eGFR estimated glomerular filtration rate, ExQW exenatide once weekly, FFA free fatty acid, GLP-1 glucagon-like peptide-1, HDL high-density lipoprotein, iBMA iterative Bayesian model averaging, LASSO least absolute shrinkage and selection operator, LDL low-density lipoprotein, SAT subcutaneous adipose tissue, SD standard deviation, UGE urinary glucose excretion, VAT visceral adipose tissue
a Based upon full analysis set (n = 49) as denominator



Supplementary Statistical Methods
For exploratory analyses investigating a large number of potential explanatory variables, missing data heterogeneity can result in a substantial reduction of participants available for analysis when simultaneously entering the ensemble of explanatory variables. This can lead to major association bias. To overcome this difficulty, missing data were first imputed using the R package missForest [1], which uses random forest methods to impute continuous and/or categorical data, including complex interactions and nonlinear relations.
To mitigate the inherent uncertainty in model selection, two differing techniques were employed using the imputed dataset with the aim of assessing consistency in variable selection. The first was iterative Bayesian model averaging (iBMA) [2], which accounts for the model uncertainty inherent in the variable selection process by exhaustively testing all possible models and averaging over the best models according to approximate Bayesian posterior model probability. The second was least absolute shrinkage and selection operator (LASSO) regression, which is a regression analysis method that performs both variable selection and regularization to enhance the prediction accuracy and interpretability of statistical models [3].
Variable selection was undertaken for the outcome of change in bodyweight at 24 weeks (this could not be undertaken for change at 52 weeks because treatment effects could not be controlled at this time point).
To confirm that variables selected by iBMA and LASSO provided unique contributions, variables selected by either model were entered into a stepwise generalized linear model (GLM) for change in bodyweight at 12 and 24 weeks using the Bayesian information criterion for variable selection [4] in the imputed dataset. To assess potential bias of the imputation process, variables found to have independent effects in the imputed dataset were then reanalyzed using GLM in the original nonimputed dataset.
Final selected variables with significant associations with kilogram change in bodyweight at 24 weeks (GLM in original nonimputed 24-week full analysis set) were then analyzed for statistical inference in longitudinal mixed-effects model for repeated measures (MMRM) analyses including all available data in the 0–52-week full analysis set. MMRM has the additional advantage of being robust to data missing at random. For continuously distributed baseline explanatory covariates, adjusted least-squares mean changes and differences in bodyweight were estimated at the 25th and 75th percentiles of that covariate; for categorical factors and additive single-nucleotide polymorphism associations, least-squares mean changes and differences in bodyweight were estimated at each factor level and at 0, 1, and 2 alleles, respectively.
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Table S3 Descriptive SNP statistics (n = 49)
	Gene
	SNP
	Major allele
	Minor allele
	MAF
	HWE P value

	KCNQ1
	rs151290
	C
	A
	0.30
	0.50

	GLP1R
	rs1042044
	C
	A
	0.44
	0.77

	IL6R
	rs2228145
	A
	C
	0.48
	0.15

	GLP1R
	rs6923761
	G
	A
	0.30
	0.73

	TCF7L2
	rs7903146
	C
	T
	0.22
	1.00

	WFS1
	rs10010131
	G
	A
	0.41
	1.00

	GLP1R
	rs10305420
	C
	T
	0.43
	0.57



MAF minor allele frequency, HWE Hardy–Weinberg equilibrium, SNP single-nucleotide polymorphism



Supplementary Statistical Results
Iterative Bayesian model averaging (iBMA) and least absolute shrinkage and selection operator (LASSO) analyses in the imputed dataset consistently selected dapagliflozin + exenatide once weekly (DAPA+ExQW), rs10010131, body mass index (BMI), and the insulinogenic index as variables influencing kilogram bodyweight change at 24 weeks. In addition, iBMA selected insulin area under the concentration–time curve (AUC) and LASSO selected amylin AUC. On stepwise generalized linear model (GLM) in the imputed dataset, the independence of all variables selected by iBMA and LASSO was confirmed. On GLM in the original nonimputed full analysis set, all variables apart from insulin AUC remained significantly associated with kilogram bodyweight change at week 24 (Table 1).
Table 1 Multivariate baseline associations with kilogram change in bodyweight: initial selection by exploratory iBMA and LASSO regression with missing values imputed, confirmatory stepwise GLM using Bayesian information criterion in the imputed data set to confirm independence of effects, and a final GLM using variables retained after the stepwise procedure in the original nonimputed full analysis set to confirm absence of bias from imputation
	Variable
	Imputed dataset
	Full analysis set

	
	iBMA
	LASSO
	Stepwise GLM
	GLM

	
	Coefficient
	Coefficient
	β
	P value
	β
	P value

	DAPA+ExQW vs. PBO
	−2.882
	−1.101
	−2.737
	0.0018
	−3.025
	0.0032

	rs10010131 (0, 1, or 2 A alleles)
	−1.385
	−1.093
	−1.310
	0.0375
	−1.598
	0.0266

	Body mass index
	0.383
	0.052
	0.466
	0.0009
	0.429
	0.0074

	Insulinogenic index
	0.060
	0.025
	0.067
	<0.0001
	0.052
	0.0113

	Insulin AUC
	−0.0001
	Not selected
	−0.0001
	0.0098
	−0.0001
	0.0700

	Amylin AUC
	Not selected
	−0.00001
	−0.0002
	0.0126
	−0.0002
	0.0376



AUC area under the concentration–time curve, DAPA dapagliflozin, ExQW exenatide once weekly, GLM generalized linear model, iBMA iterative Bayesian model averaging, LASSO least absolute shrinkage and selection operator, PBO placebo

A similar analysis was also conducted for percent change in bodyweight, which also selected DAPA+ExQW, rs10010131, and BMI, but additionally selected creatine kinase and serum glucagon-like peptide-1 at 120 min of the oral glucose tolerance test (Table 2). Given that lifestyle changes were not monitored in this study, the finding that individuals with higher levels of creatine kinase at baseline had greater degrees of percent bodyweight loss might reflect those participants at baseline who were actively engaging in higher levels of exercise. However, this interpretation requires replication in independent studies.
Table 2 Multivariate baseline associations with percent change in bodyweight: initial selection by exploratory iBMA and LASSO regression with missing values imputed, confirmatory stepwise GLM using Bayesian information criterion in the imputed data set to confirm independence of effects, and a final GLM using variables retained after the stepwise procedure in the original nonimputed full analysis set to confirm absence of bias from imputation
	Variable
	Imputed dataset
	Full analysis set

	
	iBMA
	LASSO
	Stepwise GLM
	GLM

	
	Coefficient
	Coefficient
	β
	P value
	β
	P value

	DAPA+ExQW vs. PBO
	−3.575
	−0.935
	−2.944
	0.0008
	−3.209
	0.0010

	rs10010131 (0, 1, or 2 A alleles)
	−0.999
	−0.841
	−1.530
	0.0123
	−1.565
	0.0166

	Body mass index
	0.616
	0.028
	0.544
	0.0003
	0.620
	0.0002

	Creatine kinase
	−1.121
	Not selected
	−0.872
	0.0154
	−1.316
	0.0027

	GLP-1 at 120 mina
	−0.048
	Not selected
	−0.064
	0.0157
	−0.061
	0.0272

	Insulinogenic index
	Not selected
	0.012
	0.031
	0.0540
	0.025
	0.1312



DAPA dapagliflozin, ExQW exenatide once weekly, GLM generalized linear model, GLP-1 glucagon-like peptide-1, iBMA iterative Bayesian model averaging, LASSO least absolute shrinkage and selection operator, PBO placebo
a Of an oral glucose tolerance test



Fig. S2 Associations between baseline bodyweight and the WFS1 single-nucleotide polymorphism rs10010131
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