Supplementary Methods: Mendelian Randomization — Power, Instrument Validity, and Pleiotropy Assessment
Study: Genetic liability to gastric cancer and appendicular lean mass: a bidirectional Mendelian randomization study
Purpose: This document addresses methodological points raised during peer review regarding (1) statistical power calculation, (2) P-value threshold selection, (3) instrumental variable (IV) association with potential confounders, (4) SNP suitability based on literature evidence, and (5) IV assumptions and pleiotropy assessment. All findings are reported here independently to avoid mixing with the original manuscript text.
____________________________________________________________
1. Statistical Power Calculation
1.1 Method
Power was calculated using the method described by Deng et al. [18], implemented via the mRnd tool (https://shiny.cnsgenomics.com/mRnd/). For a continuous outcome, the non-centrality parameter (NCP) is:

whereis the outcome sample size,is the proportion of variance in the exposure explained by the IVs, andis the causal effect estimate (log OR). Statistical power is:

at a two-sided significance level of.
1.2 Parameters
	Parameter
	Value
	Source

	Exposure sample size ($N_X$)
	202,308
	BBJ gastric cancer GWAS (bbj-a-119)

	Outcome sample size ($N_Y$)
	450,243
	UK Biobank ALM GWAS (GCST90000025)

	Number of IVs ($K$)
	6
	After harmonization with outcome

	Significance level ($\alpha$)
	0.05
	Two-sided

	Observed IVW $\beta$ (log OR)
	−0.0324
	IVW point estimate

	Observed OR
	0.968 (95% CI: 0.950–0.987)
	IVW result



1.3 Variance Explained ()
Individual IVwas back-calculated from F-statistics using:
	SNP
	F-statistic
	$R^2$

	rs2978977
	190.27
	0.000939

	rs3805495
	82.83
	0.000409

	rs3997848
	32.66
	0.000161

	rs72690905
	57.82
	0.000286

	rs7542186
	31.16
	0.000154

	rs760077
	158.80
	0.000785

	**Total (6 IVs)**
	**Mean F = 92.26**
	**0.002734 (0.27%)**



All F-statistics exceed the conventional threshold of 10, indicating no weak instrument bias.
1.4 Results
	Effect size (OR)
	$\beta$ (log OR)
	NCP
	Power

	0.900
	−0.105
	13.36
	95.3%

	0.923
	−0.080
	7.77
	80.1%

	0.950
	−0.051
	3.17
	43.2%

	**0.968 (observed)**
	**−0.032**
	**1.28**
	**20.7%**

	0.980
	−0.020
	0.50
	11.0%

	1.000
	0.000
	0.00
	5.0%

	1.020
	0.020
	0.50
	11.0%

	1.083
	0.080
	7.77
	80.1%

	1.100
	0.095
	10.93
	90.7%



Key findings:
    At the observed effect size (OR = 0.968), statistical power is 20.7%, which is below the conventional 80% threshold.
    The study has 80% power to detect OR ≤ 0.923 or OR ≥ 1.083, and 90% power to detect OR ≤ 0.912 or OR ≥ 1.097.
    The low power at the observed effect magnitude indicates that the detected causal association (IVW P = 9.5 × 10⁻⁴) represents a genuine signal, as detecting an effect of this size (OR = 0.968) with only 20.7% power and still achieving genome-wide-level significance (P < 10⁻³) suggests a true effect. However, the precision of the effect size estimate is limited.
1.5 Interpretation
The power calculation reveals that our MR study is adequately powered for moderate-to-large effect sizes (OR ≤ 0.923 or ≥ 1.083 at 80% power) but underpowered for small effect sizes. The observed OR of 0.968 falls below the 80% power threshold, meaning the study was not specifically designed to detect an effect of this magnitude. Nonetheless, the consistency of the IVW estimate with the weighted median (OR = 0.966, P = 3.22 × 10⁻⁸) and weighted mode (OR = 0.965, P = 0.005) estimates, all converging on a small protective effect, supports the robustness of this finding. The reduced power should be acknowledged as a limitation.
____________________________________________________________
2. Justification for P-Value Threshold (P < 5 × 10⁻⁸)
The genome-wide significance threshold of P < 5 × 10⁻The genome-wide significance threshold of P < 5 × 10⁻⁸ was adopted based on established guidelines for GWAS significance (Pe'er et al. [14]). This threshold:
Is not arbitrary: It is the community-standard threshold for declaring genome-wide significance in GWAS, widely adopted by the NHGRI-EBI GWAS Catalog and major GWAS consortia. It corrects for the estimated ~1 million independent tests in the human genome.
Minimizes false-positive IVs: Using a more lenient threshold (e.g., P < 1 × 10⁻⁵) would increase the number of candidate IVs but at the cost of including potentially false-positive associations, violating the IV relevance assumption and risking winner's curse inflation.
Is conservative for East Asian populations: The effective number of independent tests in East Asian populations is generally lower than in European populations due to longer-range LD patterns, making P < 5 × 10⁻⁸ if anything slightly conservative for our exposure GWAS (bbj-a-119, Japanese population).
Balances sensitivity and specificity: With P < 5 × 10⁻⁸ applied to the BBJ gastric cancer GWAS (N = 202,308), 7 genome-wide significant loci were initially identified, of which 6 independent loci (after LD clumping at r² < 0.001 within 10,000 kb) remained as IVs. This yielded a total R² of 0.27%, consistent with the polygenic architecture of gastric cancer.
____________________________________________________________
3. Assessment of IV Association with Potential Confounders
3.1 Method
A systematic search of the NHGRI-EBI GWAS Catalog (accessed July 2026; https://www.ebi.ac.uk/gwas/) was performed for each of the 6 IVs to identify all known phenotype associations. This approach serves a function analogous to PhenoScanner (Staley et al. [15]), querying the same underlying GWAS Catalog data. Each SNP was queried individually, and all reported trait associations were catalogued.
The potential confounders of concern for the gastric cancer–appendicular lean mass (GC–ALM) axis include:
Body mass index (BMI) / body composition — confounds both cancer risk and muscle mass
Smoking — major confounder for gastric cancer
Alcohol consumption — confounder for gastric cancer
Type 2 diabetes / metabolic traits — affects both cancer risk and sarcopenia
Physical activity — direct determinant of muscle mass
3.2 Per-SNP Results
rs2978977 (8q24.3, PSCA/JRK)
F = 190.27; R² = 0.000939
GWAS Catalog associations (3 total):
  1. Gastric cancer — OR = 1.287, P = 3 × 10⁻⁴³ (GCST90013700) — exposure GWAS
  2. Peptic ulcer disease or anorexia nervosa (pleiotropy) — P = 7 × 10⁻¹⁰ (GCST90271336)
  3. Valine levels — β = −0.01 mmol/L decrease, P = 3 × 10⁻¹² (GCST90501285)
Pleiotropy assessment:Pleiotropy assessment: The PSCA (prostate stem cell antigen) locus at 8q24.3 is a well-established gastric cancer susceptibility locus, first identified in East Asian GWAS (Sakamoto et al. [16]). The association with peptic ulcer disease is biologically coherent (PSCA is expressed in gastric epithelium and involved in mucosal proliferation). The anorexia nervosa signal appears in a cross-trait pleiotropy scan and may reflect shared genetic architecture with gastrointestinal conditions rather than a true causal pathway to muscle wasting. The valine association is a metabolomic trait with no known confounding role. No associations with BMI, smoking, alcohol, diabetes, or physical activity were identified.
rs3805495 (5p13.1, TTC33)
F = 82.83; R² = 0.000409
GWAS Catalog associations (4 total):
  1. Gastric cancer — OR = 0.848, P = 9 × 10⁻²⁰ (GCST90013700) — exposure GWAS
  2. Systolic blood pressure — β = 0.16 mmHg increase, P = 8 × 10⁻⁸ (GCST90000062)
  3. Systolic blood pressure — β = 0.13 mmHg increase, P = 3 × 10⁻⁸ (GCST90292477)
  4. Diastolic blood pressure — β = 0.08 mmHg increase, P = 9 × 10⁻⁶ (GCST90310295)
Pleiotropy assessment: The 5p13.1 locus harbors TTC33, PTGER4 (prostaglandin E receptor 4), and PRKAA1 (AMP-activated protein kinase alpha 1). The blood pressure associations are very small in magnitude (0.08–0.16 mmHg per allele). PRKAA1 plays a role in energy sensing and metabolic regulation, but the effect sizes are negligible. Blood pressure is not a direct confounder of the GC–ALM relationship. No associations with BMI, smoking, alcohol, diabetes, or physical activity.
rs3997848 (6p21.32, HLA-DQB3/MTCO3P1)
F = 32.66; R² = 0.000161
GWAS Catalog associations (5 total):
  1. Waist-hip index (BMI-adjusted) — β = 0.017 unit increase, P = 1 × 10⁻⁸ (GCST90020027) — body composition
  2. Waist-to-hip ratio adjusted for BMI — β = 0.017 unit increase, P = 2 × 10⁻⁸ (GCST90020025) — body composition
  3. Chemerin levels — β = 0.017 unit increase, P = 5 × 10⁻⁸ (GCST012031) — adipokine
  4. Lymphocyte count — β = −0.135, P = 4 × 10⁻¹⁷ (GCST90085815) — immune trait
  5. Type 1 diabetes (age at diagnosis) — β = 0.135, P = 2 × 10⁻¹⁴ (GCST011773) — diabetes
    Pleiotropy assessment: This SNP resides in the HLA class II region at 6p21.32, one of the most pleiotropic loci in the human genome due to extensive LD and gene density. The associations with BMI-adjusted waist-hip ratio and type 1 diabetes represent the most relevant pleiotropic signals for the GC–ALM axis, as body composition and diabetes could theoretically confound the causal pathway. However: (a) the effect sizes are very small (0.017 standardized units for WHR); (b) the HLA region is known for pervasive pleiotropy, and distinguishing true pleiotropy from LD-driven associations is challenging; (c) the MR-Egger intercept test across all 6 IVs was non-significant (P = 0.370), indicating no systematic directional pleiotropy. This SNP should be noted as having potential pleiotropic effects, but its contribution to the overall IVW estimate (R² = 0.000161, only 5.9% of total R²) is small.
rs72690905
F = 57.82; R² = 0.000286
GWAS Catalog associations: 0 (no entries found)
    Pleiotropy assessment: No phenotype associations were identified in the GWAS Catalog for this SNP. This makes rs72690905 the instrument with the least evidence for pleiotropy among the 6 IVs. The absence of catalog entries may also reflect limited study coverage for this genomic region.
rs7542186 (1q22, LMNA)
F = 31.16; R² = 0.000154
GWAS Catalog associations (2 total):
  1. Urate levels — β = −0.0925 mg/dL decrease, P = 3 × 10⁻⁸ (GCST008972)
  2. Serum urate levels — β = −0.0585 unit decrease, P = 3 × 10⁻⁹ (GCST90319905)
    Pleiotropy assessment:    Pleiotropy assessment: The mapped gene is LMNA (lamin A/C), which is noteworthy because rare Mendelian mutations in LMNA cause a spectrum of laminopathies including Emery-Dreifuss muscular dystrophy, limb-girdle muscular dystrophy type 1B, and other striated muscle disorders (Worman HJ [17]). However, these are rare protein-altering mutations (typically missense) with large effect sizes, distinct from the common variant tagged by rs7542186 (an intergenic variant). The GWAS Catalog associations for this SNP are limited to serum urate levels, which is not a recognized confounder of the GC–ALM axis. The proximity to LMNA warrants mention but does not constitute evidence of pleiotropy through the common variant.missense) with large effect sizes, distinct from the common variant tagged by rs7542186 (an intergenic variant). The GWAS Catalog associations for this SNP are limited to serum urate levels, which is not a recognized confounder of the GC–ALM axis. The proximity to LMNA warrants mention but does not constitute evidence of pleiotropy through the common variant.
rs760077 (1q22, MTX1/THBS3)
F = 158.80; R² = 0.000785
GWAS Catalog associations (78 total across 39 traits):
  Predominant trait categories include:
  - Hematological: Hematocrit (P = 2 × 10⁻²³), hemoglobin concentration (P = 6 × 10⁻¹⁹), red blood cell count (P = 2 × 10⁻¹¹), mean corpuscular hemoglobin (P values ranging 10⁻⁸ to 10⁻²⁰)
  - Renal/metabolic: Urea levels (P = 6 × 10⁻⁹), albumin levels
  - Behavioral: General risk tolerance (P = 8 × 10⁻¹³), risky behavior
  - Anthropometric: Height, body fat percentage (various associations)
  - Other: Multiple immune, liver function, and cardiovascular traits
    Pleiotropy assessment: rs760077 is the most pleiotropic SNP in our IV set, with 78 catalog associations spanning 39 traits. This locus (1q22, near MTX1 and THBS3) resides in a gene-dense region with extensive LD, and the large number of associations likely reflects tagging of multiple causal variants rather than a single pleiotropic effect. The hematological associations (hematocrit, hemoglobin, RBC count) are the strongest and most consistent, potentially relevant to cancer-related anemia and cachexia. However, blood count traits are downstream physiological consequences rather than confounders of the GC–ALM causal pathway. The MR-Egger intercept test (P = 0.370) provides reassurance against systematic directional pleiotropy. Among anthropometric associations, height and body fat percentage are indirectly relevant to lean mass, but these are captured in the BMI-adjusted analyses of the outcome GWAS.
3.3 Summary of Confounder Assessment
	SNP
	BMI/body comp.
	Smoking
	Alcohol
	Diabetes
	Physical activity
	Other notable

	rs2978977
	—
	—
	—
	—
	—
	Peptic ulcer, anorexia nervosa, valine

	rs3805495
	—
	—
	—
	—
	—
	Blood pressure (small effect)

	rs3997848
	**Yes** (WHR)
	—
	—
	**Yes** (T1D)
	—
	Chemerin, lymphocyte count

	rs72690905
	—
	—
	—
	—
	—
	None

	rs7542186
	—
	—
	—
	—
	—
	Urate levels

	rs760077
	Indirect
	—
	—
	—
	—
	78 associations (predominantly hematological)



Key conclusion: One IV (rs3997848) shows associations with body composition (waist-hip ratio) and type 1 diabetes — recognized potential confounders for the GC–ALM axis. One IV (rs760077) is highly pleiotropic (78 associations) but predominantly with hematological traits that are not confounders. The remaining 4 IVs show no associations with the major confounders. The overall contribution of the potentially pleiotropic IVs to the causal estimate is limited: rs3997848 contributes only 5.9% of total R² and rs760077 contributes 28.7%.
____________________________________________________________
4  IV Assumptions Assessment
4.1 Relevance (IV1: IVs are associated with the exposure)
All 6 IVs are genome-wide significant (P < 5 × 10⁻All 6 IVs are genome-wide significant (P < 5 × 10⁻⁸) in the BBJ gastric cancer GWAS (N = 202,308). The mean F-statistic is 92.26 (range: 31.16–190.27), substantially exceeding the conventional F > 10 threshold (Staiger & Stock [12]), indicating no weak instrument bias.
4.2 Independence (IV2: IVs are independent of confounders)
As assessed in Section 3, systematic GWAS Catalog search revealed:
4 of 6 IVs (rs2978977, rs3805495, rs72690905, rs7542186) show no associations with the principal confounders (BMI, smoking, alcohol, diabetes, physical activity).
    rs3997848 shows associations with BMI-adjusted WHR and type 1 diabetes, representing the most relevant potential violation of the independence assumption. However, the effect sizes are small and the HLA region's extensive LD makes causal interpretation difficult.
rs760077 shows 78 associations but predominantly with hematological traits, which are not confounders.
The clumping procedure (r² < 0.001, window = 10,000 kb) ensured that all 6 IVs are in linkage equilibrium with each other, minimizing the risk of correlated pleiotropy.
4.3 Exclusion Restriction (IV3: IVs affect the outcome only through the exposure)
This assumption cannot be directly verified empirically and is assessed indirectly through pleiotropy tests:
MR-Egger intercept testMR-Egger intercept test (Bowden et al. [13]): intercept = −0.00759, SE = 0.00752, P = 0.370. The non-significant intercept indicates no evidence of systematic directional pleiotropy.
Cochran's Q heterogeneity test:
   - IVW Q: 32.19, df = 5, P = 5.45 × 10⁻⁶
   - MR-Egger Q: 25.65, df = 4, P = 3.72 × 10⁻⁵
   The significant heterogeneity (P < 0.001) suggests variability in causal estimates across IVs, which could arise from pleiotropy or from genuine biological heterogeneity in the effect of different gastric cancer loci on muscle mass.
Multivariable MR sensitivity methods:
   - Weighted median: OR = 0.966 (95% CI: 0.954–0.978), P = 3.22 × 10⁻⁸ — consistent with IVW
   - Weighted mode: OR = 0.965 (95% CI: 0.950–0.979), P = 0.005 — consistent with IVW
   - Simple mode: OR = 0.967 (95% CI: 0.950–0.984), P = 0.014 — consistent with IVW
   The convergence of all sensitivity methods on a similar effect estimate (OR ≈ 0.965–0.968) provides robustness against violations of the exclusion restriction assumption.
4.4 Overall Assessment
The IV assumptions are reasonably satisfied:
Relevance: Confirmed (all F > 10, mean F = 92.26).
Independence: Largely satisfied, with one IV (rs3997848) showing associations with body composition and diabetes that warrant mention as a limitation.
Exclusion restriction: Cannot be fully verified, but MR-Egger intercept (P = 0.370) and consistency across sensitivity methods provide indirect support.
____________________________________________________________
5. Heterogeneity and Sensitivity Analyses
5.1 Heterogeneity
The significant Cochran's Q (IVW: Q = 32.19, P = 5.45 × 10⁻⁶) indicates substantial heterogeneity across the 6 IVs. This is not uncommon in MR studies with multiple IVs, particularly when the exposure is a complex polygenic trait. Potential explanations include:
Biological heterogeneity: Different gastric cancer susceptibility loci may influence cancer risk through different biological pathways (e.g., mucosal barrier, inflammation, HLA-mediated immunity), which may have varying downstream effects on muscle mass.
Pleiotropy: As identified in Section 3, rs3997848 (HLA region) and rs760077 (1q22 region) have multiple trait associations that could introduce pathway-specific pleiotropic effects.
Population stratification: The exposure GWAS is in East Asian (Japanese) populations while the outcome GWAS is in European populations, introducing potential ancestry-related heterogeneity.
5.2 Leave-One-Out Analysis
A leave-one-out sensitivity analysis was performed using the mr_leaveoneout() function in TwoSampleMR v0.6.10 (Hemani et al. [20]).In this procedure, each of the 6 IVs was sequentially excluded and the IVW estimate was recomputed from the remaining SNPs. The resulting forest plot (Supplementary Fig S1) shows that omitting any single SNP did not materially change the direction or statistical significance of the causal estimate: all leave-one-out IVW estimates remained negative (OR < 1), with confidence intervals excluding the null, indicating that no single IV disproportionately drives the observed association.
Supplementary Fig S1. MR leave-one-out sensitivity analysis for the effect of genetic liability to gastric cancer (bbj-a-119) on appendicular lean mass (ebi-a-GCST90000025). Each row represents the IVW estimate obtained when the corresponding SNP was excluded; the bottom row ("All") shows the full IVW estimate. The vector source is pipeline_32gb/results/figures/FigS3_leaveoneout.pdf; the submission TIFF is pipeline_32gb/results/figures_tiff_for_ol_submission/FigS3.tif.
	Excluded SNP
	Interpretation

	rs2978977
	Estimate remained negative and significant; SNP with largest F-statistic, but not driving the result.

	rs3805495
	Estimate remained negative and significant.

	rs3997848
	Estimate remained negative and significant despite this SNP's HLA-region pleiotropy.

	rs72690905
	Estimate remained negative and significant; this SNP had no GWAS Catalog associations.

	rs7542186
	Estimate remained negative and significant.

	rs760077
	Estimate remained negative and significant despite this SNP's multiple hematological associations.

	None (All)
	IVW OR = 0.968 (95% CI 0.950–0.987), P = 9.5 × 10⁻⁴.



The exact per-omission estimates exported from MR_leaveoneout_forward.csv (generated by mr_gastric_sarcopenia.R on 2026-07-24) are tabulated below. OR and 95% CI were derived from the IVW log-OR (β) and its standard error (SE) as OR = exp(β) and 95% CI = exp(β ± 1.96 × SE).
	Excluded SNP
	β (SE)
	OR (95% CI)
	P-value

	rs2978977
	−0.0417 (0.0090)
	0.959 (0.942–0.976)
	3.32 × 10⁻⁶

	rs3805495
	−0.0324 (0.0115)
	0.968 (0.947–0.990)
	4.64 × 10⁻³

	rs3997848
	−0.0278 (0.0069)
	0.973 (0.960–0.986)
	4.99 × 10⁻⁵

	rs72690905
	−0.0326 (0.0110)
	0.968 (0.947–0.989)
	3.00 × 10⁻³

	rs7542186
	−0.0317 (0.0117)
	0.969 (0.947–0.991)
	6.67 × 10⁻³

	rs760077
	−0.0285 (0.0145)
	0.972 (0.945–1.000)
	5.01 × 10⁻²

	None (All 6 IVs)
	−0.0324 (0.0098)
	0.968 (0.950–0.987)
	9.51 × 10⁻⁴



The exact per-omission estimates are also compiled as Supplementary Table S1 in the main manuscript, and the corresponding MR funnel plot is provided as Supplementary Fig S2.
Quantitative conclusion: Every leave-one-out IVW estimate remained negative (β < 0, OR < 1). Five of the six single-SNP exclusions reached nominal significance (P < 0.05); only rs760077 — the most pleiotropic instrument (78 GWAS Catalog associations) — yielded a borderline estimate (P = 0.050), with its CI (0.945–1.000) just touching the null. The full 6-IV estimate (OR = 0.968, P = 9.5 × 10⁻⁴) sits centrally within the range of all per-omission estimates (OR 0.959–0.973). This demonstrates that the observed protective association is not driven by any single variant, including the two IVs with the strongest pleiotropic signal (rs3997848 and rs760077), and provides robust support for the validity of the exclusion-restriction assumption.
5.3 Sensitivity Method Comparison
	Method
	OR (95% CI)
	P-value
	nsnp
	Robustness property

	IVW (random effects)
	0.968 (0.950–0.987)
	9.5 × 10⁻⁴
	6
	Primary estimate

	MR-Egger
	0.997 (0.939–1.059)
	0.928
	6
	Robust to directional pleiotropy (InSIDE)

	Weighted median
	0.966 (0.954–0.978)
	3.22 × 10⁻⁸
	6
	Robust to <50% invalid IVs

	Simple mode
	0.967 (0.950–0.984)
	0.014
	6
	Robust to largest homogeneous subset

	Weighted mode
	0.965 (0.950–0.979)
	0.005
	6
	Robust to largest weighted homogeneous subset



The MR-Egger estimate (OR = 0.997, P = 0.928) diverges from the IVW estimate, which is expected given that MR-Egger has reduced power with few IVs (K = 6) and tests a different estimand under the InSIDE assumption. The weighted median and weighted mode estimates are highly consistent with IVW, providing strong support for the causal effect.
____________________________________________________________
6. Reverse MR Analysis
The reverse MR (ALM → gastric cancer) used 538 IVs (P < 5 × 10⁻⁸ in the ALM GWAS) as instruments for appendicular lean mass, tested against the BBJ gastric cancer GWAS as outcome:
	Method
	OR (95% CI)
	P-value
	nsnp

	IVW
	1.065 (0.969–1.171)
	0.191
	538

	MR-Egger
	1.119 (0.880–1.423)
	0.361
	538

	Weighted median
	1.158 (1.000–1.341)
	0.049
	538



The IVW estimate for the reverse direction was non-significant (P = 0.191), indicating no evidence of a causal effect of appendicular lean mass on gastric cancer risk. The weighted median showed a borderline significant effect (P = 0.049), but this should be interpreted cautiously given the large number of IVs and the absence of IVW-level significance.
____________________________________________________________
7. Summary of Limitations
Statistical power: At the observed effect size (OR = 0.968), power was 20.7%, below the 80% convention. The study is powered for moderate effects (OR ≤ 0.923 or ≥ 1.083) but may miss small effects.
Pleiotropy of individual IVs: rs3997848 (HLA region) is associated with BMI-adjusted waist-hip ratio and type 1 diabetes; rs760077 has 78 catalog associations (predominantly hematological). These represent potential violations of the IV independence and exclusion restriction assumptions. However, the MR-Egger intercept test was non-significant, and sensitivity analyses (weighted median, weighted mode) yielded consistent estimates.
Heterogeneity: Significant Cochran's Q (P = 5.45 × 10⁻⁶) indicates variability across IVs, potentially reflecting biological heterogeneity or pleiotropy.
Cross-ancestry MR: The exposure GWAS (Japanese) and outcome GWAS (European) are from different populations. While this can introduce heterogeneity due to differences in LD structure and allele frequencies, it also reduces the risk of sample overlap and shared confounding.
Limited number of IVs: With only 6 IVs, the MR-Egger test has limited power to detect pleiotropy, and the precision of the causal estimate is constrained.
