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Supplementary Figure 1. Positive-control analysis against type 2 diabetes mellitus (T2DM) used to grade the credibility of the drug-target genetic proxies. Odds ratios (OR) and 95% confidence intervals (CI) were estimated using the inverse-variance weighted or Wald-ratio method and scaled according to the corresponding glycemic trait. Proxies for insulin, sulfonylureas, thiazolidinediones, and GPD2 reproduced the expected diabetes-lowering direction, whereas GLP1R proxies were null and the SGLT2 panel showed a paradoxical association with higher T2DM risk. Accordingly, SGLT2-related respiratory-infection estimates were interpreted as exploratory in the main manuscript.


Supplementary Table 1. Principal drug-target MR estimates for respiratory infections
	Drug class / target
	Outcome
	Primary method
	n SNPs
	Effect estimate
	P value
	Interpretation

	Insulin / INSR
	Bacterial pneumonia
	Wald ratio
	1
	OR 0.01 (95% CI 0.00–0.18)
	0.002
	Protective

	Sulfonylureas / KCNJ11+ABCC8
	Bacterial pneumonia
	IVW
	2
	OR 7.97 (95% CI 1.55–40.91)
	0.01
	Harmful

	Sulfonylureas / KCNJ11+ABCC8
	Severe COVID-19
	IVW
	2
	OR 0.14 (95% CI 0.02–0.92)
	0.04
	Protective

	Thiazolidinediones / PPARG
	Bacterial pneumonia
	Wald ratio
	1
	OR 48.77 (95% CI 2.61–911.24)
	0.009
	Harmful

	Thiazolidinediones / PPARG
	Respiratory tuberculosis
	Wald ratio
	1
	OR 9.66 × 10^16 (95% CI 1.3 × 10^5 to 7.17 × 10^28)
	0.005
	Harmful

	Thiazolidinediones / PPARG
	Influenza pneumonia
	Wald ratio
	1
	OR 70.83 (95% CI 4.34–1155.86)
	0.003
	Harmful

	Thiazolidinediones / PPARG
	Acute lower respiratory tract infection
	Wald ratio
	1
	OR 315.27 (95% CI 3.76–2.65 × 10^4)
	0.01
	Harmful

	Metformin (overall retained targets)
	Acute lower respiratory tract infection
	Combined target MR
	5
	OR 1.03 (95% CI 1.01–1.05)
	0.001
	Harmful

	Metformin (overall retained targets)
	Sepsis
	Combined target MR
	5
	OR 0.97 (95% CI 0.96–0.98)
	<0.00001
	Protective

	Metformin (overall retained targets)
	Sepsis 28-day mortality
	Combined target MR
	5
	OR 0.94 (95% CI 0.90–0.98)
	0.002
	Protective

	Metformin / GPD1
	Viral pneumonia (excluding influenza)
	Wald ratio
	1
	Beta -0.46 (95% CI -0.82 to -0.09) per SD lower HbA1c
	0.01
	Protective

	Metformin / PRKAG2
	Bacterial pneumonia
	Wald ratio
	1
	Beta -0.42 (95% CI -0.72 to -0.11) per SD lower HbA1c
	0.008
	Protective

	SGLT2 inhibitors / SLC5A2
	Streptococcal pneumonia
	IVW
	6
	OR 0.008 (95% CI 0.0001–0.34)
	0.01
	Exploratory

	SGLT2 inhibitors / SLC5A2
	Viral pneumonia (excluding influenza)
	IVW
	6
	OR 237.65 (95% CI 7.35–7681.90)
	0.002
	Exploratory

	SGLT2 inhibitors / SLC5A2
	Sepsis 28-day mortality
	IVW
	6
	OR 8.48 (95% CI 1.05–68.43)
	0.04
	Exploratory


Only the principal statistically significant associations highlighted in the manuscript are shown. Effect estimates are scaled according to the exposure definition used in the main text. For validated primary proxies, effects are generally expressed per 0.1 mmol/L lower blood glucose, whereas retained metformin target-specific results are expressed per SD lower HbA1c when applicable. SGLT2 estimates are included for transparency but remain exploratory because the SLC5A2 positive-control analysis against type 2 diabetes failed.



Supplementary Table 2. GWAS datasets used in MR analyses
	Population
	GWAS ID
	PMID
	Outcome / trait
	Year
	Sample size
	Number of SNPs

	European
	ebi-a-GCST010783
	32404885
	COVID-19 (very severe respiratory confirmed vs population)
	2020
	626151
	11678750

	European
	ebi-a-GCST011075
	32404885
	COVID-19 (very severe respiratory confirmed vs population)
	2020
	1388342
	9739225

	European
	ebi-a-GCST011076
	32404885
	COVID-19 (very severe respiratory confirmed vs population)
	2020
	707407
	7475770

	European
	ebi-a-GCST011077
	32404885
	COVID-19 (very severe respiratory confirmed vs population)
	2020
	1059456
	7496658

	European
	ebi-a-GCST011078
	32404885
	COVID-19 (very severe respiratory confirmed vs population)
	2020
	1059456
	9817241

	European
	ebi-a-GCST004629
	27863252
	Neutrophil count
	2016
	170702
	29164935

	European
	ebi-a-GCST90002351
	32888493
	Neutrophil count
	2020
	519288
	46379899

	European
	ebi-a-GCST90002398
	32888494
	Neutrophil count
	2020
	408112
	40311480

	European
	ebi-a-GCST90013984
	34017140
	Neutrophil count
	2021
	395949
	10783686

	European
	ebi-a-GCST90018968
	34594039
	Neutrophil count
	2021
	349856
	19054226

	European
	ebi-a-GCST90025977
	34226706
	Neutrophil count
	2021
	443782
	4234417

	European
	ukb-d-30140_irnt
	
	Neutrophill count
	2018
	349856
	13586292

	European
	ieu-b-34
	
	Neutrophil count
	2020
	563946
	

	European
	finn-b-J10_PNEUMOBACT
	
	Bacterial pneumoniae
	2021
	196855
	16380385

	European
	finn-b-J10_PNEUMOBACTEROTH
	
	Bacterial pneumonia, not elsewhere classified
	2021
	196382
	16380384

	European
	finn-b-PNEUMOBACTKNOWN
	
	Bacterial pneumonia (organism specified)
	2021
	215268
	16380460

	European
	finn-b-J10_PNEUMOPNEUMO
	
	Pneumonia due to Streptococcus pneumoniae
	2021
	189516
	16380365

	European
	finn-b-J10_VIRALPNEUMO
	
	Viral pneumonia
	2021
	189568
	16380366

	European
	finn-b-VIRALPNEUMOKNOWN
	
	Viral pneumonia (known virus, not influenza)
	2021
	213470
	16380456

	European
	finn-b-J10_INFLUENZA
	
	All influenza
	2021
	193130
	16380378

	European
	finn-b-J10_INFLUPNEU
	
	Influenza and pneumonia
	2021
	218792
	16380466

	European
	ieu-b-4980
	
	Sepsis
	2021
	486484
	12243539

	European
	ieu-b-69
	
	sepsis
	2020
	462918
	12321875

	European
	ieu-b-4981
	
	Sepsis (28 day death in critical care)
	2021
	431365
	12243324

	European
	ieu-b-5086
	
	Sepsis (28 day death)
	2021
	486484
	12243487

	European
	prot-a-1307
	29875488
	Hepcidin
	2018
	3301
	10534735

	European
	prot-a-1709
	29875488
	Neutrophil gelatinase-associated lipocalin
	2018
	3301
	10534735

	European
	ieu-b-31
	
	Monocyte count
	2020
	563946
	

	European
	ebi-a-GCST90002340
	32888493
	Monocyte count
	2020
	521594
	46391183

	European
	ebi-a-GCST90025950
	34226706
	Monocyte count
	2021
	443529
	4234369

	European
	ebi-a-GCST90013983
	34017140
	Monocyte count
	2021
	395949
	10783686

	European
	ebi-a-GCST90018967
	34594039
	Monocyte count
	2021
	349856
	19052644

	European
	ukb-d-30130_irnt
	
	Monocyte count
	2018
	349856
	13586292

	European
	ebi-a-GCST004625
	27863252
	Monocyte count
	2016
	170721
	29166012


This table compiles the GWAS datasets used for the main respiratory infection analyses and for auxiliary biomarker or blood-cell traits retained in the uploaded source workbook. Dataset names, identifiers, sample sizes, and SNP counts were standardized from the uploaded materials without altering the underlying source records.



Supplementary Table 3. GWAS datasets used in positive-control analyses
	GWAS ID
	Year
	Trait
	Consortium / source
	Sample size
	Number of SNPs
	Population
	Cases
	Controls
	Author

	ebi-a-GCST006867
	2018
	Type 2 diabetes
	
	655666
	5030727
	European
	61714
	1178
	Xue A

	ebi-a-GCST90018926
	2021
	Type 2 diabetes
	
	490089
	24167560
	European
	38841
	451248
	Sakaue S

	ebi-a-GCST007515
	2018
	Type 2 diabetes
	
	298957
	190486
	European
	48286
	250671
	Mahajan A

	ieu-a-1090
	2016
	Type 2 diabetes
	UK Biobank
	120286
	8404296
	European
	4040
	116246
	Wood

	ieu-a-26
	2012
	Type 2 diabetes
	DIAGRAM
	69033
	2473442
	European
	12171
	56862
	Morris

	ebi-a-GCST90006934
	2020
	Type 2 diabetes
	
	22326
	8884933
	European
	9978
	12348
	Cai L

	ebi-a-GCST90026417
	2021
	Type 2 diabetes
	
	12230
	5379078
	European
	9486
	2744
	Mansour Aly D


Positive-control analyses used type 2 diabetes GWAS datasets assembled in the uploaded structured workbook. These datasets were used to classify each proxy as validated for primary interpretation, partially supported, null, or exploratory before respiratory-infection estimates were discussed clinically.



Supplementary Table 4. Non-metformin genetic instruments used in primary analyses
	SNP
	Effect allele
	Other allele
	Beta (exposure)
	SE (exposure)
	P value (exposure)
	Effect allele frequency
	Instrument label
	Exposure proxy
	Target gene

	rs3793342
	A
	G
	-0.017
	0.003
	1.95e-07
	0.143
	PRKAG2
	PRKAG2_XY
	PRKAG2

	rs12581493
	G
	C
	-0.02
	0.002
	1.67e-16
	0.647
	GPD1
	GPD1_XY
	GPD1

	rs1076733
	A
	G
	-0.007
	0.0016
	1.12e-05
	0.46
	GLP1R
	GLP1R
	GLP1R

	rs8103934
	T
	C
	-0.0115
	0.0027
	3.07e-05
	0.09
	INSR
	INSR
	INSR

	rs35240997
	G
	A
	-0.0073
	0.0019
	0.000163
	0.21
	PPARG
	PPARG
	PPARG

	rs1801282
	G
	C
	-0.008
	0.0024
	0.000932
	0.12
	rs1801282
	rs1801282
	rs1801282

	rs5219
	C
	T
	-0.0118
	0.0016
	9.34e-13
	0.39
	KCNJ11+ABCC8
	KCNJ11+ABCC8
	KCNJ11+ABCC8

	rs739688
	C
	T
	-0.0056
	0.0016
	0.000684
	0.35
	KCNJ11+ABCC8
	KCNJ11+ABCC8
	KCNJ11+ABCC8

	rs757110
	A
	C
	0.0115
	0.0017
	3.37e-12
	0.36
	rs757110
	rs757110
	rs757110

	rs4488457
	G
	T
	-0.013
	0.003
	2.9e-07
	0.712
	SGLT2i
	SGLT2i
	SLC5A2

	rs8057326
	C
	T
	-0.008
	0.002
	0.00028
	0.523
	SGLT2i
	SGLT2i
	SLC5A2

	rs11865835
	C
	T
	-0.011
	0.003
	1.34e-05
	0.284
	SGLT2i
	SGLT2i
	SLC5A2

	rs9930811
	G
	A
	-0.016
	0.002
	8.69e-12
	0.365
	SGLT2i
	SGLT2i
	SLC5A2

	rs34497199
	T
	C
	-0.012
	0.002
	5.98e-07
	0.475
	SGLT2i
	SGLT2i
	SLC5A2


This table lists the retained non-metformin SNP instruments curated in the uploaded workbook for the primary drug-target MR analyses. The table includes the near-gene proxy instruments for GLP1R, INSR, PPARG, KCNJ11+ABCC8, rs757110, rs1801282, and SLC5A2. Functional sensitivity variants for sulfonylureas and thiazolidinediones are retained because they were explicitly used for consistency checks in the manuscript narrative.
Supplementary Table 5. Screening and retention of metformin target instruments
	Putative target
	Protein-coding gene(s) screened
	Screening evidence
	Retained final instrument(s)
	Selection result
	Role in manuscript

	AMPK complex
	PRKAA1, PRKAA2, PRKAB1, PRKAB2, PRKAG1, PRKAG2, PRKAG3
	cis-eQTL screening against HbA1c; approximate colocalization assessed where possible
	rs3793342 (PRKAG2)
	PRKAG2 retained; three PRKAA1 instruments were excluded because F statistics were <10; other AMPK subunits were not retained after screening
	Final target-specific metformin analysis

	GPD1
	GPD1
	cis-eQTL screening against HbA1c plus approximate colocalization
	rs12581493
	Retained for final Wald-ratio analysis
	Final target-specific metformin analysis

	GPD2
	GPD2
	cis-eQTL screening against HbA1c plus approximate colocalization
	rs12615570, rs55920843, rs115087802
	Retained after clumping and positive-control support for type 2 diabetes
	Final target-specific metformin analysis

	ETFDH
	ETFDH
	cis-eQTL screening against HbA1c
	None retained in final respiratory-infection tables
	Screened but not retained after the final selection pipeline
	Screened only

	PEN2 lysosomal pathway
	PSENEN
	cis-eQTL screening against HbA1c
	None retained in final respiratory-infection tables
	Screened but not retained after the final selection pipeline
	Screened only

	Overall metformin screening summary
	11 genes across 5 putative targets
	Independent cis-eQTLs were clumped after target screening
	5 final SNPs retained from 70 clumped candidates
	Final retained panel comprised GPD1, GPD2, and PRKAG2 instruments
	Used for overall and target-specific metformin analyses


The manuscript states that 11 protein-coding genes across 5 putative metformin targets were screened, yielding 70 clumped candidate cis-eQTLs. Final retained SNPs were those carried forward into the manuscript's target-specific metformin analyses after HbA1c relevance, approximate colocalization, and weak-instrument checks. The uploaded materials support explicit retention of rs12581493 (GPD1), rs12615570/rs55920843/rs115087802 (GPD2), and rs3793342 (PRKAG2), while three PRKAA1 candidates were removed for F statistics below 10.


Supplementary Table 6. Robustness assessments for statistically significant findings
	Association
	Primary estimator
	Additional robustness evidence
	Verdict
	Comment

	PPARG -> bacterial pneumonia, respiratory tuberculosis, influenza pneumonia, and acute lower respiratory tract infection
	Wald ratio using the near-gene PPARG proxy
	The same harmful direction was reproduced with the functional variant rs1801282 in the manuscript narrative
	Consistent
	Single-SNP analyses are not amenable to pleiotropy-robust multi-SNP sensitivity methods

	KCNJ11+ABCC8 -> bacterial pneumonia
	IVW using 2 SNPs
	Functional variant rs757110 showed a stronger harmful association: OR 13.27 (95% CI 2.54–69.25), P=0.002
	Consistent
	Directionally concordant between the multi-SNP panel and the functional sensitivity variant

	KCNJ11+ABCC8 -> severe COVID-19
	IVW using 2 SNPs
	Functional variant rs757110 was also protective: OR 0.01 (95% CI 0.00–0.19), P=0.002
	Consistent
	Directionally concordant between the multi-SNP panel and the functional sensitivity variant

	Overall metformin panel -> acute lower respiratory tract infection, sepsis, and sepsis 28-day mortality
	Combined retained-target MR
	The manuscript reports that weighted median, MR-Egger, MR-RAPS, and MR-PRESSO supported robustness
	Consistent
	Detailed numerical outputs for each alternative estimator were not present in the uploaded spreadsheets

	GPD1 -> viral pneumonia (excluding influenza) and PRKAG2 -> bacterial pneumonia
	Single-SNP Wald ratio
	No multi-SNP sensitivity models available
	Not applicable
	These associations rely on single retained SNPs and should therefore be interpreted with the usual single-instrument caution

	SGLT2i-related respiratory infection and sepsis associations
	IVW / Wald ratio using 6 SNPs
	Positive-control analysis against type 2 diabetes failed: OR 2.38 (95% CI 1.52–3.71)
	Not robust for clinical inference
	All SGLT2 inhibitor associations were treated as exploratory in the manuscript


Legend. This table summarizes the robustness information recoverable from the uploaded manuscript and result files. When a functional sensitivity variant was explicitly reported in the manuscript, the concordant result is shown. For the multi-variant metformin panel, the manuscript reports supportive weighted median, MR-Egger, MR-RAPS, and MR-PRESSO results, although complete numeric outputs for each estimator were not available in the uploaded spreadsheets. Single-SNP Wald-ratio associations are identified as not amenable to conventional multi-SNP sensitivity analyses and should be interpreted accordingly.
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