MR-STROBE checklist

Item

No Section Checklist item Page No.

Relevant text from manuscript

TITLE and Indicate Mendelian randomization (MR) as the study’s design in the

ABSTRACT title and/or the abstract if that is a main purpose of the study &

Vitamin D and youth-onset type 2 diabetes: a Mendelian
randomization study

INTRODUCTION

Explain the scientific background and rationale for the reported
study. What is the exposure? Is a potential causal relationship
between exposure and outcome plausible? Justify why MR is a
helpful method to address the study question

2 Background 2-3

State specific objectives clearly, including pre-specified causal
3 Objectives hypotheses (if any). State that MR is a method that, under specific 3
assumptions, intends to estimate causal effects

Due to the potential anti-inflammatory and immune-
modulating properties of vitamin D, its role in childhood
diabetes has been extensively studied in the case of the
autoimmune type 1 diabetes[6], but data on youth-onset T2D
are sparse. Case-control studies have shown that adolescents
with insulin resistance have lower levels of 25
hydroxyvitamin D (250HD), the bi-omarker of Vitamin D in
humans [7], but this does not necessarily apply to pediatric
patients with prediabetes or T2D[8,9]. One of the approaches
which has been widely used to study causality be-tween
vitamin D and T2D in adults[12] is Mendelian randomization
(MR).

Under specific assumptions, MR uses single nucleotide
polymorphisms (SNPs) as instruments for a modifiable
exposure to study causal effects of this exposure on a disease-
outcome[20].

In this study, we aimed to test whether genetically decreased
250HD levels are causally associated with risk of youth-onset
T2D in a mixed-ancestry and in ethnic-specific cohorts using
MR. To do this, we leveraged data from the largest available
European and ancestry-specific GWAS on 250HD lev-
els[21,22] and on the only available to date multi-ethnic
GWAS on pediatric T2D[23].

METHODS

Present key elements of the study design early in the article. Consider
Study design and including a table listing sources of data for all phases of the study.

4 data sources For each data source contributing to the analysis, describe the 4
following:
a) Setting: Describe the study design and the underlying population, if 3-4

possible. Describe the setting, locations, and relevant dates, including

See Figure 1

In order to test causal effects of 250HD on risk of pediatric
T2D within the MR framework, we first obtained
conditionally independent SNPs associated with 250HD in a
large European GWAS meta-analysis of the SUNLIGHT



b)

c)

d)

€)

Assumptions

periods of recruitment, exposure, follow-up, and data collection,
when available.

Participants: Give the eligibility criteria, and the sources and methods
of selection of participants. Report the sample size, and whether any
power or sample size calculations were carried out prior to the main
analysis

Describe measurement, quality control and selection of genetic
variants

For each exposure, outcome, and other relevant variables, describe
methods of assessment and diagnostic criteria for diseases

Provide details of ethics committee approval and participant informed
consent, if relevant

Explicitly state the three core 1V assumptions for the main analysis
(relevance, independence and exclusion restriction) as well
assumptions for any additional or sensitivity analysis

consortium with UK BIOBANK totaling 443,734
individuals[21]. In this GWAS, 250HD levels were measured
using the Diasorin assay, and the mean 250HD was 70
nmol/L. The effect of these SNPs on risk of pediatric T2D
were sought in the multi-ethnic PRODIGY GWAS cohort
(n=3,006 youth cases [mean age 15.1 years] and 6,061 adult
controls) [23]. The 3,006 cases of the PRODIGY combined
449 youth with T2D from the TODAY study with >2,000
youth with T2D from a TODAY ancillary genetics study, and
468 youth with T2D from SEARCH for Diabetes in Youth.
The adult controls were retrieved from the T2D-GENES
study.

We also undertook ethnic-specific analyses by extracting
effects of the 250HD SNPs in the three ethnic sub-cohorts of
PRODIGY (Non-Hispanic Whites, n=664 cases/1,434
controls;, African-Americans, n= 1,068 cases/1,068 controls;
and Hispanics, n= 1,274 cases/3,559 controls).

See answer to the point above

In order to conduct any MR study, the SNPs used as
instrumental variables (1Vs) of an exposure must satisfy three
main assumptions. The first as-sumption (relevance
assumption) requires that these SNPs should be strongly
associated with the exposure, in this case, the 250HD levels.
This is ensured by using SNPs associated with 250HD at a
genome-wide significant level (p-value <5 x 10-8). We also
calculated the F-statistic for our set of 250HD SNPs, as a
metric of the strength of our MR instruments.

Descriptives of the GWAS populations can be found in the
respective GWAS publications[21,23].

Not applicable.

In order to conduct any MR study, the SNPs used as
instrumental variables (1Vs) of an exposure must satisfy three
main assumptions. The first as-sumption (relevance
assumption) requires that these SNPs should be strongly
associated with the exposure, in this case, the 250HD levels.
This is ensured by using SNPs associated with 250HD at a
genome-wide significant level (p-value <5 x 10-8). We also
calculated the F-statistic for our set of 250HD SNPs, as a
metric of the strength of our MR instruments.



Statistical
methods: main
analysis

a)

b)

Describe statistical methods and statistics used

Describe how quantitative variables were handled in the analyses
(i.e., scale, units, model)

Describe how genetic variants were handled in the analyses and, if
applicable, how their weights were selected

The second assumption (independence assumption) requires
that the SNPs used as MR instruments should not be
associated with confounders of the association between the
exposure and outcome. For instance, in this study, a possible
confounder can be the body mass index (BMI), since obesity
is as-sociated with lower 250HD levels[26] and truncal
adiposity is and estab-lished risk factor for both adult and
pediatric T2D[1]. Another confounder of the association
between 250HD and T2D risk is ethnicity, with Afri-can-
Americans presenting lower 250HD levels and increased risk
of T2D[27]. We undertook multiple sensitivity analyses with
different sets of 250HD SNPs to ensure that our MR results
are not biased by the above confounders. Additionally, we
performed a multivariable MR analysis considering both
250HD and pediatric BMI as exposures. The third MR
assumption (exclusion restriction assumption) requires that the
SNP-IVs are associated with the outcome (here pediatric T2D)
solely via the exposure (here 250HD levels). Pleiotropy refers
to a scenario where this assumption is vi-olated. In order to
test for presence of pleiotropy, we conducted sensitivity
analyses applying various pleiotropy-robust MR methods,
each one with its own assumptions.

We computed the power in our main MR analyses, using the
full set of 250HD SNPs in the mixed-ancestry PRODIGY or
the ethnic-specific PRODIGY sub-cohorts using an
established MR power calculation method [42]. Specifically,
we computed the MR odds ratio (OR) for pediatric T2D for
which we obtained a power of 80%, setting the alpha level at
0.05, using the variance explained of 250HD by its respective
genetic instruments, and the sample sizes of the entire
PRODIGY and its ethnic sub-cohorts.

The TwoSampleMR R package (version 0.5.6) [41], and its
default parameters (LD-clumping r2=0.001) was used to select
250HD SNPs, harmonize them between the exposure and
outcome GWAS, and calculate the various MR estimates
[IVW, weighted median, MR-Egger and weighted mode] of
our main and sensitivity analyses. Random effects IVW was
used, given the evidence of heterogeneity in our main
analyses. Scatter plots and forest plots to visualize the MR
estimates were generated using the TwoSampleMR R
package. We used the MVMR R package for our
multivariable MR analy-sis[42]. Our MR-PRESSO analyses
were performed using the MR-PRESSO R package (version
1.0)[37].



c)

d)

€)

Assessment of
assumptions

Describe the MR estimator (e.g. two-stage least squares, Wald ratio)
and related statistics. Detail the included covariates and, in case of

two-sample MR, whether the same covariate set was used for
adjustment in the two samples

Explain how missing data were addressed

If applicable, indicate how multiple testing was addressed

Describe any methods or prior knowledge used to assess the
assumptions or justify their validity

Using the PhenoScanner database[28], we filtered the MR
instruments for 250HD for SNPs with previously reported
GWAS association with con-founders of the 250HD-pediatric
T2D association. This approach has been described in detail in
previous MR studies by our group[29,30]. Specifically, we
conducted sensitivity MR analyses excluding 250HD SNPs
associated at a genome-wide level with BMI, body
composition traits, and adult-onset T2D, since family history
of adult-onset T2D is a strong risk factor for youth-onset T2D.

To further account for effects of BMI on our MR estimates,
we conducted a multivariable MR (MVMR) analysis[31]. To
do this, we queried the effects of 250HD SNPs on childhood
BMI from a large European GWAS by the EGG consortium (a
meta-analysis of 14 studies consisting of 5,530 cases, and
8,318 controls) [32].

Finally, to further account for confounding due to ancestry,
we conducted a sensitivity analysis selecting three directly
matching rare SNPs (rs14355701 in TINK, rs116950775 in
KIAA1644/LDOCIL and rs111955953 in FTMT) from an
African-American 250HD GWAS on 697 individuals[22],
which were combined to a common SNP in GC (rs4588)
identified in a recent larger GWAS meta-analysis on 2,602
African American adults from the Southern Community
Cohort Study and 6,934 African- or Caribbean-ancestry adults
from the UK Biobank[33]. Effects (betas) of these SNPs on
250HD were ex-tracted from the above African 250HD
GWAS and their effects on pediatric T2D were identified in
the African-American subset of PRODIGY .

For 250HD-related variants not directly present in the ethnic-
specific PRODIGY GWAS, we selected proxy SNPs (LD r 2>
0.7) using the LDproxy function in Idlink[24] in matching
populations from the 1000 genomes phase 3 panel.

Not applicable

In order to conduct any MR study, the SNPs used as
instrumental variables (I\Vs) of an exposure must satisfy three
main assumptions. The first assumption (relevance
assumption) requires that these SNPs should be strongly
associated with the exposure, in this case, the 250HD levels.
This is ensured by using SNPs associated with 250HD at a
genome-wide significant level (p-value <5 x 10°%). We also
calculated the F-statistic for our set of 250HD SNPs, as a
metric of the strength of our MR instruments.

The second assumption (independence assumption) requires
that the SNPs used as MR instruments should not be
associated with confounders of the association between the



Sensitivity analyses

Describe any sensitivity analyses or additional analyses performed
(e.g. comparison of effect estimates from different approaches,

exposure and outcome. For instance, in this study, a possible
confounder can be the body mass index (BMI), since obesity
is associated with lower 250HD levels[26] and truncal
adiposity is and established risk factor for both adult and
pediatric T2D[1]. Another confounder of the association
between 250HD and T2D risk is ethnicity, with African-
Americans presenting lower 250HD levels and increased risk
of T2D[27]. We undertook multiple sensitivity analyses with
different sets of 250HD SNPs to ensure that our MR results
are not biased by the above confounders. Additionally, we
performed a multivariable MR analysis considering both
250HD and pediatric BMI as exposures. The third MR
assumption (exclusion restriction assumption) requires that the
SNP-1Vs are associated with the outcome (here pediatric T2D)
solely via the exposure (here 250HD levels). Pleiotropy refers
to a scenario where this assumption is violated. In order to test
for presence of pleiotropy, we conducted sensitivity analyses
applying various pleiotropy-robust MR methods, each one
with its own assumptions.

8 and additional ) I . ; - H 4-7 See answers to points 5,6,7 of the checklist
independent replication, bias analytic techniques, validation of
analyses . ; .
instruments, simulations)
9 Software and pre-
registration
The TwoSampleMR R package (version 0.5.6) [41], and its
default parameters (LD-clumping r2=0.001) was used to select
250HD SNPs, harmonize them between the exposure and
outcome GWAS, and calculate the various MR estimates
[IVW, weighted median, MR-Egger and weighted mode] of
- . . . our main and sensitivity analyses. Random effects IVW was
Name statistical software and package(s), including version and < ] L .
a) settings used 7 used, given the evidence of heterogeneity in our main
analyses. Scatter plots and forest plots to visualize the MR
estimates were generated using the TwoSampleMR R
package. We used the MVMR R package for our
multivariable MR analysis[42]. Our MR-PRESSO analyses
were performed using the MR-PRESSO R package (version
1.0)[37].
b) State whether the study protocol and details were pre-registered (as Not applicable
well as when and where)
RESULTS
10 Descriptive data



a)

b)

c)

d)

11 Main results

a)

b)

c)

Report the numbers of individuals at each stage of included studies
and reasons for exclusion. Consider use of a flow diagram

Report summary statistics for phenotypic exposure(s), outcome(s),
and other relevant variables (e.g. means, SDs, proportions)

If the data sources include meta-analyses of previous studies, provide
the assessments of heterogeneity across these studies

For two-sample MR:

i. Provide justification of the similarity of the genetic variant-
exposure associations between the exposure and outcome samples

ii. Provide information on the number of individuals who overlap
between the exposure and outcome studies

Report the associations between genetic variant and exposure, and
between genetic variant and outcome, preferably on an interpretable
scale

Report MR estimates of the relationship between exposure and
outcome, and the measures of uncertainty from the MR analysis, on
an interpretable scale, such as odds ratio or relative risk per SD
difference

If relevant, consider translating estimates of relative risk into absolute
risk for a meaningful time period

Figure 1

In order to test causal effects of 250HD on risk of pediatric
T2D within the MR framework, we first obtained
conditionally independent SNPs associated with 250HD in a
large European GWAS meta-analysis of the SUNLIGHT
consortium with UK BIOBANK totaling 443,734
individuals[21]. In this GWAS, 250HD levels were measured
using the Diasorin assay, and the mean 250HD was 70
nmol/L (SD 34.7 nmol/L). The effect of these SNPs on risk of
pediatric T2D were sought in the multi-ethnic PRODIGY
GWAS cohort (n=3,006 youth cases [mean age 15.1 years]
and 6,061 adult controls) [23]. The 3,006 cases of the
PRODIGY combined 449 youth with T2D from the TODAY
study with >2,000 youth with T2D from a TODAY ancillary
genetics study, and 468 youth with T2D from SEARCH for
Diabetes in Youth. The adult controls were retrieved from the
T2D-GENES study.

See answer to point above

To our knowledge, there is no overlap between exposure data
and outcome data

As shown in Table 1, our MR estimates remained largely
consistent and close to the null across different MR methods,
with the exception of the weighted median MR showing a
marginal effect of a SD increase in log-transformed 250HD
on pediatric T2D risk in the mixed-ancestry cohort (OR
pediatric T2D 1.09, 95% CI 1.00-1.18, P=0.049) and in
Hispanics (OR 1.13, 95% ClI 1.02-1.26, P=0.019).

See point above

Not applicable



Consider plots to visualize results (e.g. forest plot, scatterplot of
d) associations between genetic variants and outcome versus between
genetic variants and exposure)

Assessment of
12 h
assumptions
a) Report the assessment of the validity of the assumptions
Report any additional statistics (e.g., assessments of heterogeneity
b) - vart Al
across genetic variants, such as 1%, Q statistic or E-value)
Sensitivity analyses
13 and additional
analyses
3) Report any sensitivity analyses to assess the robustness of the main
results to violations of the assumptions
b) Report results from other sensitivity analyses or additional analyses

See Supplemental Figure S1-S4

As shown in Table 1, the intercept of the MR-Egger provided
no evidence of unbalanced horizontal pleiotropy in any of the
MR studies, but there was significant heterogeneity among the
MR instruments in all MR analyses except the one in African-
Americans. All 250HD SNPs used as instruments in our MR
analyses had an F-statistic >10 (the average F-statistic was
234) (Tables S1-S4). The Steiger directionality test indicated
that the correct causal direction was “TRUE” in all our main
MR analyses, confirming that the assumption that altered
250HD levels cause pediatric T2D (and not the inverse) was
valid.

See point above

See point above. After using 4 SNPs in known vitamin D
genes, as well as 4 African-American 250HD SNPs, the
consistent estimates were generated (Supplemental Tables 5-
7)

As demonstrated in Tables S5 and S6, the results of our MR
sensitivity analyses using four SNPs in known vitamin D
genes (explaining 1.03% of the variance in 250HD), as well
as the four African-American 250HD SNPs, did not indicate
any causal effect of 250HD on pediatric T2D either. Our
sensitivity MR analysis excluding SNPs with effects on BMI,
body composition traits or adult T2D in the PhenoScanner
database yielded similar results as those of the main analysis
(Table S7) with the exception of a significant estimate of the
weighted median analyses in the mixed-ancestry and the
Hispanic PRODIGY cohorts. Finally, the results of the
MVMR testing for mediating effects of pediatric BMI were
equally non-significant (Table S8).



<)

d)

€)

Report any assessment of direction of causal relationship (e.g.,
bidirectional MR)

When relevant, report and compare with estimates from non-MR
analyses

Consider additional plots to visualize results (e.g., leave-one-out
analyses)

Steiger MR directionality test

Not applicable

Not applicable

DISCUSSION

14 Key results

15 Limitations

16 Interpretation

Summarize key results with reference to study objectives

Discuss limitations of the study, taking into account the validity of

the 1V assumptions, other sources of potential bias, and imprecision.

Discuss both direction and magnitude of any potential bias and any
efforts to address them

10

First paragraph of the Discussion

Our MR study has a few considerable limitations. One of
these is that we did not study causal effects of altered levels of
the active form of vitamin D [1,25 di-hydroxyvitamin D or
1,25(0OH)2D] due to lack of available large GWAS on this
form of vitamin D allowing to extract strong instruments for
1,25(0OH)2D. Another limitation of our MR study is that the
250HD SNPs which were used as instruments explain only up
to 3.1% of variance in 250HD levels in the Non-Hispanic
White analysis, and only 2.5% of its variance in the other MR
analyses. This, combined to the limited sample size of the
PRODIGY GWAS, and in particular of its ancestry-specific
sub-GWAS, has affected the power of our study to identify
small and moderate effects of 250HD on pediatric T2D risk.
We elected to use as instruments in our main mixed-ancestry
and an-cestry-specific MR analyses 250HD SNPs identified
in a large European vitamin D GWAS. This could have
introduced bias due to the fact that effects of these SNPs on
250HD levels in non-Europeans can differ substantially from
those identified in a European GWAS. Nevertheless, there is
no available 250HD GWAS in Hispanics, and the results of
our sensitivity analysis using African-American specific
250HD SNPs were similar to those of the analysis using
European 250HD SNPs. Future large ances-try-informed
GWAS on 250HD and pediatric T2D will enable better power
to interrogate their associations in various ethnic populations,
including populations not studied in this work, using MR.
Finally, the two-sample MR design of our study did not allow
to undertake a stratified MR analysis to assess non-linear
effects of 250HD levels, since there are no available 250HD
data in PRODIGY participants. As such, effects of extremely
low or high 250HD levels on risk of pediatric T2D cannot be
excluded.



Meaning: Give a cautious overall interpretation of results in the

This MR study does not support the use of vitamin D
supplements to prevent T2D in youth of different ethnic

) context of their limitations and in comparison with other studies 10 backgrounds, but we cannot exclude small to moderate causal
effects.
Our findings suggest that the low 250HD levels observed in
adolescents with insulin resistance in an observational
study[7], are not likely to be causal for their altered glucose
metabolism, but they are rather driven by confounders, such
as obesity. On the other hand, adolescents with obesity tend to
be less physically active are spend less time outdoors, and as
Mechanism: Discuss underlying biological mechanisms that could such can be less ex-posed to sunlight and may have decreased
drive a potential causal relationship between the investigated skin synthesis of vitamin D[9]. Moreover, they often have
b exposure and the outcome, and whether the gene-environment poor diet and suboptimal vitamin D intake[26]. Another
) 3 — 9-10 . : -
equivalence assumption is reasonable. Use causal language carefully, possible explanation for the observed associations between
clarifying that 1V estimates may provide causal effects only under low 250HD levels and risk of pediatric T2D is ancestry. In
certain assumptions this respect, a study [8] showed that, although vitamin D
deficiency or insufficiency appeared to affect a substantial
proportion of youth with T2D, and particularly non-
Europeans, their prevalence was similar to that in youth
without dia-betes. Taken together, all the above mechanisms
support the presence of various possible confounders in the
association between vitamin D and pe-diatric T2D..
Clinical relevance: Discuss whether the results have clinical or public
C) policy relevance, and to what extent they inform effect sizes of 10 See Conclusion section
possible interventions
Discuss the generalizability of the study results (a) to other
17 Generalizability populations, (b) across other exposure periods/timings, and (c) across 10 See paragraph on limitations
other levels of exposure
OTHER
INFORMATION
Describe sources of funding and the role of funders in the present
18 Funding study and, if applicable, sources of funding for the databases and 11 See relative section
original study or studies on which the present study is based
Provide the data used to perform all analyses or report Whgre and R scripts used to generate the results of this study are
Data and data hO\.N the datb} can be acc_es_sed, and reference these sources in the . available upon request to the corresponding author. Summary-
19 . article. Provide the statistical code needed to reproduce the results in 11 LR e
sharing . . . h . level results of all GWAS used in this study are publicly
the article, or report whether the code is publicly accessible and if so, .
where available through GWAS catalog.
Conflicts of . . . . .
20 i — All authors should declare all potential conflicts of interest 11 The authors declare no conflict of interest.




Table S1: SNPs used as instruments in the Non-Hispanic White MR analysis with their respective effects on 2SOHD and
pediatric T2D.

Beta | Beta EAF EAF SE Pval SE Pval
SNP EA |OA|250HD| T2D |250HD| T2D R2 F-statistic | remove | palindromic | ambiguous | T2D | T2D |250HD| 250HD
rs1011468 | A | G | -0.014 | 0.022 | 0.48 | 0.486 | 9.78E-05 | 43.420 FALSE FALSE FALSE 0.014| 0.107 | 0.002 | 2.56E-12
rs1047891 | A | C | -0.014 | 0.000 | 0.32 | 0.335 | 8.53E-05 | 37.853 FALSE FALSE FALSE 0.013| 0.972 | 0.002 | 2.56E-12
rs10818769 | G | C | -0.017 | 0.003 | 0.86 | 0.870 | 6.96E-05 | 30.882 FALSE TRUE FALSE 0.019| 0.875 | 0.003 | 1.46E-08
rs10859995 | C | T | -0.039 |-0.011| 0.58 | 0.580 |0.000741| 329.063 | FALSE FALSE FALSE 0.013| 0.397 | 0.002 | 1.10E-84
rs10887718 | T | C | -0.012 |-0.014| 0.53 | 0.536 | 7.17E-05 | 31.836 FALSE FALSE FALSE 0.014| 0.314 | 0.002 | 1.97E-09
rs11127048 | A | G | 0.018 | 0.012 | 0.62 | 0.598 |0.000153| 67.754 FALSE FALSE FALSE 0.014| 0.394 | 0.002 | 2.26E-19
rs111529171| C | G | -0.015 |-0.022| 0.22 | 0.226 | 7.72E-05 | 34.268 FALSE TRUE FALSE 0.016| 0.173 | 0.002 | 6.38E-14
rs112285002 | T | C | 0.06 |-0.005| 0.16 | 0.158 | 0.000968 | 429.806 | FALSE FALSE FALSE 0.017| 0.763 | 0.003 | 5.51E-89
rs11264360 | A | T | 0.018 | 0.024 | 0.24 | 0.254 | 0.000118 | 52.453 FALSE TRUE FALSE 0.016| 0.129 | 0.002 | 2.26E-19
rs1149605 | C | T | 0.019 |-0.010| 0.17 | 0.176 |0.000102| 45.209 FALSE FALSE FALSE 0.017| 0.546 | 0.003 | 2.40E-10

rs11723621 | G | A | -0.187 | 0.012 | 0.29 | 0.286 | 0.0144 | 6483.204 | FALSE FALSE FALSE 0.015| 0.396 | 0.002 0
rs1229984 | C | T | -0.047 |-0.069| 0.97 | 0.974 |0.000129 | 57.055 FALSE FALSE FALSE 0.042| 0.100 | 0.006 | 4.75E-15
rs12317268 | G | A | -0.019 | 0.030 | 0.15 | 0.158 | 9.21E-05 | 40.852 FALSE FALSE FALSE 0.018| 0.105 | 0.003 | 2.40E-10

rs12803256 | G | A 0.1 |-0.025| 0.77 | 0.771 |0.003542| 1577.285 | FALSE FALSE FALSE 0.016| 0.108 | 0.002 0
rs17765311 | C | A | -0.015 |-0.011| 0.35 | 0.366 | 0.000102 | 45.432 FALSE FALSE FALSE 0.014| 0.406 | 0.002 | 6.38E-14
rs1800588* | T | C | -0.03 |-0.009| 0.22 | 0.227 |0.000309| 137.102 | FALSE FALSE FALSE 0.015| 0.561 | 0.002 | 7.34E-51
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rs1800775 C | -0.017 |-0.032| 0.49 | 0.517 |0.000144| 64.103 FALSE FALSE FALSE 0.013| 0.017 | 0.002 | 1.90E-17
rs1972994 A | -0.018 | 0.000 | 0.65 | 0.640 |0.000147 | 65.425 FALSE TRUE FALSE 0.013| 0.985 | 0.002 | 2.26E-19
rs2011425 T | -0.046 | 0.027 | 0.08 | 0.077 |0.000311| 138.255 FALSE FALSE FALSE 0.024| 0.266 | 0.004 | 1.32E-30
rs2037511* G | 0.016 (-0.010| 0.17 | 0.170 | 7.22E-05 | 32.059 FALSE FALSE FALSE 0.017| 0.553 | 0.003 | 9.64E-08
rs2074735 G | 0.027 | 0.012 | 0.06 | 0.064 | 8.22E-05 | 36.492 FALSE TRUE FALSE 0.026| 0.658 | 0.004 | 1.48E-11
rs2229742 G | -0.026 | 0.035 0.1 0.081 | 0.000122 | 54.000 FALSE TRUE FALSE 0.024| 0.147 | 0.003 | 4.45E-18
rs2847500 G | -0.021 |-0.010| 0.12 | 0.070 | 9.31E-05 | 41.333 FALSE FALSE FALSE 0.025| 0.677 | 0.003 | 2.56E-12
rs2909218 C | 0.017 | 0.004 | 0.79 | 0.786 | 9.59E-05 | 42.554 FALSE FALSE FALSE 0.015| 0.816 | 0.002 | 1.90E-17
rs34726834 C | 0.014 |-0.021| 0.25 | 0.260 | 7.35E-05 | 32.617 FALSE FALSE FALSE 0.015| 0.167 | 0.002 | 2.56E-12
rs3750296 G | -0.021 |-0.016| 0.34 | 0.350 {0.000198| 87.841 FALSE TRUE FALSE 0.014| 0.236 | 0.002 | 8.64E-26

rs532436 G | -0.015 | 0.024 | 0.18 | 0.165 | 6.64E-05 | 29.475 FALSE FALSE FALSE 0.018| 0.183 | 0.003 | 5.73E-07

rs577185477* T | -0.379 |-0.064| 0.02 | 0.010 | 0.005631 | 2512.682 | FALSE FALSE FALSE 0.065| 0.325 | 0.01 0

rs58073039 A | -0.014 | 0.006 0.3 0.302 | 8.23E-05 | 36.531 FALSE FALSE FALSE 0.014| 0.698 | 0.002 | 2.56E-12
rs58542926 C | 0.032 | 0.054 | 0.08 | 0.070 |0.000151| 66.895 FALSE FALSE FALSE 0.026| 0.038 | 0.004 | 1.24E-15
rs6127099 A | -0.037 | 0.003 | 0.28 | 0.291 | 0.000552 | 245.067 FALSE TRUE FALSE 0.014| 0.836 | 0.002 | 2.06E-76
rs62007299 G | -0.014 | 0.027 | 0.71 | 0.724 | 8.07E-05 | 35.818 FALSE FALSE FALSE 0.015| 0.073 | 0.002 | 2.56E-12
rs6438900 C | 0.014 |-0.012| 0.26 | 0.265 | 7.54E-05 | 33.469 FALSE TRUE FALSE 0.015| 0.408 | 0.002 | 2.56E-12
rs6698680 A | -0.012 | 0.005 | 0.46 | 0.468 | 7.15E-05 | 31.747 FALSE FALSE FALSE 0.013| 0.674 | 0.002 | 1.97E-09
rs6724965 A | -0.017 | 0.007 | 0.17 | 0.175 | 8.16E-05 | 36.192 FALSE FALSE FALSE 0.017| 0.684 | 0.003 | 1.46E-08
rs6773343 C | 0.013 |[-0.024| 0.72 | 0.725 | 6.81E-05 | 30.238 FALSE FALSE FALSE 0.015| 0.113 | 0.002 | 8.03E-11
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rs71383766 | T | C | 0.013 | 0.001 | 0.42 | 0.406 | 8.23E-05 | 36.538 FALSE FALSE FALSE 0.013| 0.934 | 0.002 | 8.03E-11
rs73015021 | G | A | 0.023 |-0.019| 0.12 | 0.115 |0.000112| 49.581 FALSE FALSE FALSE 0.020| 0.363 | 0.003 | 1.77E-14
rs7519574 | A | G | 0.017 |-0.011| 0.18 | 0.153 | 8.53E-05 | 37.859 FALSE FALSE FALSE 0.018| 0.543 | 0.003 | 1.46E-08
rs7528419 | G | A | 0.019 |-0.006| 0.23 | 0.235 |0.000128| 56.746 FALSE FALSE FALSE 0.015| 0.680 | 0.002 | 2.10E-21
rs7569755 | A | G | 0.014 |-0.002| 0.29 | 0.283 | 8.07E-05 | 35.818 FALSE FALSE FALSE 0.014| 0.866 | 0.002 | 2.56E-12
rs7650253* | A | T | 0.015 |-0.011| 0.69 | 0.693 | 9.63E-05 | 42.716 FALSE TRUE FALSE 0.015| 0.471 | 0.002 | 6.38E-14
rs7718395 | G | C | 0.013 | 0.029 | 0.32 | 0.306 | 7.35E-05 | 32.638 FALSE TRUE FALSE 0.014| 0.047 | 0.002 | 8.03E-11
rs77924615 | A | G | -0.016 | 0.017 0.2 0.216 | 8.19E-05 | 36.354 FALSE FALSE FALSE 0.016| 0.264 | 0.002 | 1.24E-15
rs7828742 | G | A | -0.022 | 0.020 0.6 0.604 | 0.000232 | 103.112 FALSE FALSE FALSE 0.014| 0.140 | 0.002 | 3.82E-28
rs78649910 | A | T | -0.018 | 0.009 | 0.11 | 0.111 | 6.34E-05 | 28.152 FALSE TRUE FALSE 0.020| 0.659 | 0.003 | 1.97E-09
rs8018720 | C | G | -0.032 | 0.012 | 0.82 | 0.822 {0.000302| 134.174 | FALSE TRUE FALSE 0.017| 0.485 | 0.003 | 1.46E-26

rs804280 A | C | 0.013 |0.022| 058 |0.571 | 8.23E-05| 36.538 FALSE FALSE FALSE 0.015| 0.137 | 0.002 | 8.03E-11
rs8063706 | T | A | 0.013 |-0.029| 0.27 | 0.293 | 6.66E-05 | 29.563 FALSE TRUE FALSE 0.014| 0.046 | 0.002 | 8.03E-11
rs8091117 | A | C | -0.024 |-0.016| 0.07 | 0.062 | 7.5E-05 33.280 FALSE FALSE FALSE 0.026| 0.547 | 0.004 | 1.97E-09

rs867772 G | A |-0.014 |-0.022| 0.68 | 0.700 | 8.53E-05| 37.853 FALSE FALSE FALSE 0.014| 0.121 | 0.002 | 2.56E-12
rs960596* T | C | 0.012 | 0.007 | 0.34 | 0.364 | 6.46E-05 | 28.679 FALSE FALSE FALSE 0.014| 0.623 | 0.002 | 1.97E-09

rs964184 C| G 0.04 |-0.011| 0.86 | 0.873 |0.000385| 171.027 FALSE TRUE FALSE 0.019| 0.561 | 0.003 | 1.48E-40
rs9668081 | T | C | 0.012 | 0.021 | 0.47 | 0.487 | 7.17E-05| 31.836 FALSE FALSE FALSE 0.016| 0.192 | 0.002 | 1.97E-09

* asterisk denotes proxy SNPs; EA: effect allele; OA: other allele; EAF: effect allele frequency; SE: standard error; SNP:
single-nucleotide polymorphism.
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Table S2: SNPs used as instruments in the African-American MR analysis with their respective effects on 2SOHD and

pediatric T2D.
Beta | Beta EAF EAF SE Pval SE Pval

SNP EA |OA |250HD | T2D |250HD | T2D R2 F-statistic | remove | palindromic | ambiguous | T2D | T2D |250HD | 250HD
rs1011468 | A | G | -0.014 | 0.002 | 0.480 | 0.803 | 9.78E-05 | 43.420 FALSE FALSE FALSE 0.018 | 0.916 | 0.002 | 2.56E-12
rs1047891 | A | C | -0.014 |-0.042 | 0.320 | 0.379 | 8.53E-05 | 37.853 FALSE FALSE FALSE 0.015 | 0.007 | 0.002 | 2.56E-12
rs10818769 | G | C | -0.017 |-0.028 | 0.860 | 0.843 | 6.96E-05 | 30.882 FALSE TRUE FALSE 0.022 | 0.205| 0.003 | 1.46E-08
rs10859995 | C | T | -0.039 |-0.018 | 0.580 | 0.335 | 7.41E-04 | 329.063 | FALSE FALSE FALSE 0.016 | 0.265| 0.002 | 1.10E-84
rs10887718 | T | C | -0.012 | 0.003 | 0.530 | 0.432 | 7.17E-05 | 31.836 FALSE FALSE FALSE 0.014 | 0.835| 0.002 | 1.97E-09
rs11127048 | A | G | 0.018 | 0.040 | 0.620 | 0.727 | 1.53E-04 | 67.754 FALSE FALSE FALSE 0.017 | 0.019| 0.002 | 2.26E-19
rs111529171| C | G | -0.015 |-0.024 | 0.220 | 0.192 | 7.72E-05 | 34.268 FALSE TRUE FALSE 0.019 | 0.208 | 0.002 | 6.38E-14
rs112285002 | T | C | 0.06 | 0.008 | 0.160 | 0.021 | 9.68E-04 | 429.806 | FALSE FALSE FALSE 0.050 | 0.870 | 0.003 | 5.51E-89
rs11264360 | A | T | 0.018 |-0.018 | 0.240 | 0.281 | 1.18E-04 | 52.453 FALSE TRUE FALSE 0.017 | 0.294 | 0.002 | 2.26E-19
rs1149605 | C | T | 0.019 |-0.013| 0.170 | 0.127 | 1.02E-04 | 45.209 FALSE FALSE FALSE 0.022 | 0.547 | 0.003 | 2.40E-10

rs11723621 | G | A | -0.187 |-0.035| 0.290 | 0.075 | 1.44E-02 | 6483.204 | FALSE FALSE FALSE 0.029 | 0.224 | 0.002 0
rs1229984 | C | T | -0.047 |-0.073| 0.970 | 0.992 | 1.29E-04 | 57.055 FALSE FALSE FALSE 0.083 | 0.382| 0.006 | 4.75E-15
rs12317268 | G | A | -0.019 |-0.002 | 0.150 | 0.186 | 9.21E-05 | 40.852 FALSE FALSE FALSE 0.018 | 0.931| 0.003 | 2.40E-10

rs12803256 | G | A 0.1 | 0.011 | 0.770 | 0.247 | 3.54E-03 | 1577.285 | FALSE FALSE FALSE 0.018 | 0.535| 0.002 0
rs17765311 | C | A | -0.015 | 0.081 | 0.350 | 0.051 | 1.02E-04 | 45.432 FALSE FALSE FALSE 0.035 | 0.022 | 0.002 | 6.38E-14
rs1800775 | A | C | -0.017 | 0.008 | 0.490 | 0.562 | 1.44E-04 | 64.103 FALSE FALSE FALSE 0.015 | 0.577| 0.002 | 1.90E-17
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rs1972994 A | -0.018 |-0.012| 0.650 | 0.773 | 1.47E-04 | 65.425 FALSE TRUE FALSE 0.018 | 0.513| 0.002 | 2.26E-19
rs2011425 T | -0.046 |-0.022 | 0.080 | 0.101 | 3.11E-04 | 138.255 FALSE FALSE FALSE 0.025 {0.367| 0.004 | 1.32E-30
rs2074735 G | 0.027 | 0.083 | 0.060 | 0.015 | 8.22E-05 | 36.492 FALSE TRUE FALSE 0.063 {0.190| 0.004 | 1.48E-11
rs2229742 G | -0.026 | 0.018 | 0.100 | 0.013 | 1.22E-04 | 54.000 FALSE TRUE FALSE 0.063 | 0.774| 0.003 | 4.45E-18
rs2847500 G | -0.021 | 0.004 | 0.120 | 0.154 | 9.31E-05 | 41.333 FALSE FALSE FALSE 0.019 | 0.830| 0.003 | 2.56E-12
rs2909218 C | 0.017 |-0.012| 0.790 | 0.725 | 9.59E-05 | 42.554 FALSE FALSE FALSE 0.017 | 0.459| 0.002 | 1.90E-17
rs34726834 C | 0.014 |-0.018| 0.250 | 0.355 | 7.35E-05 | 32.617 FALSE FALSE FALSE 0.016 | 0.253 | 0.002 | 2.56E-12

rs532436 G | -0.015 | 0.024 | 0.180 | 0.109 | 6.64E-05 | 29.475 FALSE FALSE FALSE 0.024 | 0.312| 0.003 | 5.73E-07
rs58073039 A | -0.014 | 0.018 | 0.300 | 0.533 | 8.23E-05 | 36.531 FALSE FALSE FALSE 0.015 | 0.244| 0.002 | 2.56E-12
rs58542926 C | 0.032 | 0.020 | 0.080 | 0.028 | 1.51E-04 | 66.895 FALSE FALSE FALSE 0.044 | 0.655| 0.004 | 1.24E-15
rs6127099 A | -0.037 | 0.061 | 0.280 | 0.217 | 5.52E-04 | 245.067 FALSE TRUE FALSE 0.018 | 0.001| 0.002 | 2.06E-76
rs62007299 G | -0.014 | 0.013 | 0.710 | 0.541 | 8.07E-05 | 35.818 FALSE FALSE FALSE 0.015|0.401| 0.002 | 2.56E-12
rs6698680 A | -0.012 | 0.015 | 0.460 | 0.288 | 7.15E-05 | 31.747 FALSE FALSE FALSE 0.017 | 0.355| 0.002 | 1.97E-09
rs6724965 A | -0.017 |-0.007 | 0.170 | 0.615 | 8.16E-05 | 36.192 FALSE FALSE FALSE 0.015 | 0.626| 0.003 | 1.46E-08
rs6773343 C | 0.013 | 0.026 | 0.720 | 0.737 | 6.81E-05 | 30.238 FALSE FALSE FALSE 0.018 | 0.135| 0.002 | 8.03E-11
rs71383766 C | 0.013 |-0.006| 0.420 | 0.129 | 8.23E-05 | 36.538 FALSE FALSE FALSE 0.022 |0.789| 0.002 | 8.03E-11
rs73015021 A | 0.023 |-0.005| 0.120 | 0.296 | 1.12E-04 | 49.581 FALSE FALSE FALSE 0.016 | 0.765| 0.003 | 1.77E-14
rs7519574 G | 0.017 |-0.023| 0.180 | 0.109 | 8.53E-05 | 37.859 FALSE FALSE FALSE 0.024 | 0.339| 0.003 | 1.46E-08
rs7528419 A | 0.019 |-0.011| 0.230 | 0.229 | 1.28E-04 | 56.746 FALSE FALSE FALSE 0.018 | 0.527| 0.002 | 2.10E-21
rs7569755 G | 0.014 | 0.000 | 0.290 | 0.396 | 8.07E-05 | 35.818 FALSE FALSE FALSE 0.014 | 0.993| 0.002 | 2.56E-12
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rs7718395 C | 0.013 |-0.007| 0.320 | 0.074 | 7.35E-05 | 32.638 FALSE TRUE FALSE 0.028 | 0.794 | 0.002 | 8.03E-11
rs77924615 G | -0.016 |-0.020| 0.200 | 0.061 | 8.19E-05 | 36.354 FALSE FALSE FALSE 0.031 {0.521| 0.002 | 1.24E-15
rs7828742 A | -0.022 |-0.002 | 0.600 | 0.713 | 2.32E-04 | 103.112 FALSE FALSE FALSE 0.015 | 0.882| 0.002 | 3.82E-28
rs78649910 T | -0.018 |-0.005| 0.110 | 0.109 | 6.34E-05 | 28.152 FALSE TRUE FALSE 0.023 | 0.844| 0.003 | 1.97E-09
rs8018720 G | -0.032 |-0.006 | 0.820 | 0.862 | 3.02E-04 | 134.174 | FALSE TRUE FALSE 0.021 | 0.791| 0.003 | 1.46E-26

rs804280 C | 0.013 |-0.025| 0.580 | 0.610 | 8.23E-05 | 36.538 FALSE FALSE FALSE 0.016 | 0.115| 0.002 | 8.03E-11
rs8091117 C | -0.024 |-0.012| 0.070 | 0.425 | 7.50E-05 | 33.280 FALSE FALSE FALSE 0.015 {0.434| 0.004 | 1.97E-09

rs867772 A | -0.014 | 0.051 | 0.680 | 0.906 | 8.53E-05 | 37.853 FALSE FALSE FALSE 0.026 | 0.046| 0.002 | 2.56E-12

rs964184 G 0.04 | 0.032 | 0.860 | 0.782 | 3.85E-04 | 171.027 FALSE TRUE FALSE 0.018 {0.083 | 0.003 | 1.48E-40
rs9668081 C | 0.012 [-0.005| 0.470 | 0.394 | 7.17E-05 | 31.836 FALSE FALSE FALSE 0.015|0.758 | 0.002 | 1.97E-09

EA: effect allele; OA

: other allele; EAF: effect allele frequency; SE: standard error; SNP: single-nucleotide polymorphism.
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Table S3: SNPs used as instruments in the Hispanic MR analysis with their respective effects on 250HD and pediatric T2D.

Beta EAF SE
250H | Beta | 250H | EAF F- remov | palindromi | ambiguou | SE Pval | 250H | Pval
SNP D T2D D T2D | R2 statistic | e c s T2D |T2D | D 250HD
0.52 9.78E- 0.00 | 0.11 2.56E-
rs1011468 -0.014 | 0.014 0.48 3 05 43.420 | FALSE FALSE FALSE 9 3| 0.002 12
0.31 8.53E- 0.00 | 0.10 2.56E-
rs1047891 -0.014 | 0.014 0.32 3 05 37.853 | FALSE FALSE FALSE 9 4 0.002 12
- 0.40 7.41E- 0.00 0.76 1.10E-
rs10859995 -0.039 | 0.002 0.58 1 04 | 329.063 | FALSE FALSE FALSE 8 3 | 0.002 84
- 0.74 7.17E- 0.01 0.19 1.97E-
rs10887718 -0.012 | 0.013 0.53 6 05 31.836 | FALSE FALSE FALSE 0 1| 0.002 09
0.66 1.53E- 0.00 | 0.00 2.26E-
rs11127048 0.018 | 0.027 0.62 0 04 67.754 | FALSE FALSE FALSE 9 2 | 0.002 19
rs11152917 0.09 7.72E- 0.01 | 0.08 6.38E-
1 -0.015 | 0.025 0.22 6 05 34.268 | FALSE TRUE FALSE 4 3| 0.002 14
rs11228500 0.05 9.68E- 0.01 | 0.05 5.51E-
2 0.06 | 0.034 0.16 9 04 | 429.806 | FALSE FALSE FALSE 8 5| 0.003 89
0.41 1.18E- 0.00 | 0.48 2.26E-
rs11264360 0.018 | 0.006 0.24 4 04 52.453 | FALSE TRUE FALSE 9 5| 0.002 19
- 0.10 1.02E- 0.01| 0.73 2.40E-
rs1149605 0.019 | 0.004 0.17 1 04 45.209 | FALSE FALSE FALSE 3 1| 0.003 10
- 0.20 1.44E- 0.01 | 0.00
rs11723621 -0.187 | 0.027 0.29 3 02 | 6483.204 | FALSE FALSE FALSE 0 8 | 0.002 0
0.95 1.29E- 0.02 | 0.36 4.75E-
rs1229984 -0.047 | 0.018 0.97 5 04 57.055 | FALSE FALSE FALSE 0 8 | 0.006 15
0.13 9.21E- 0.01 | 0.24 2.40E-
rs12317268 -0.019 | 0.014 0.15 7 05 40.852 | FALSE FALSE FALSE 2 2 | 0.003 10
- 0.52 3.54E- 0.00 | 0.54
rs12803256 0.1 | 0.005 0.77 1 03 | 1577.285 | FALSE FALSE FALSE 8 2| 0.002 0
0.15 1.02E- 0.01 | 0.79 6.38E-
rs17765311 -0.015 | 0.003 0.35 5 04 45.432 | FALSE FALSE FALSE 2 5| 0.002 14
0.54 1.44E- 0.00 | 0.66 1.90E-
rs1800775 -0.017 | 0.003 0.49 6 04 64.103 | FALSE FALSE FALSE 8 5| 0.002 17
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- 0.81 1.47E- 0.01 | 0.15 2.26E-

rs1972994 -0.018 | 0.017 0.65 4 04 65.425 | FALSE TRUE FALSE 2 3| 0.002 19
0.13 3.11E- 0.01 | 0.87 1.32E-

rs2011425 -0.046 | 0.002 0.08 0 04 | 138.255 | FALSE FALSE FALSE 1 4 | 0.004 30
- 0.12 8.22E- 0.01 | 0.10 1.48E-

rs2074735 0.027 | 0.020 0.06 6 05 36.492 | FALSE TRUE FALSE 2 2 | 0.004 11
0.02 1.22E- 0.02 | 0.54 4.45E-

rs2229742 -0.026 | 0.014 0.1 8 04 54.000 | FALSE TRUE FALSE 3 0| 0.003 18
- 0.18 9.31E- 0.01 | 0.80 2.56E-

rs2847500 -0.021 | 0.002 0.12 9 05 41.333 | FALSE FALSE FALSE 0 6 | 0.003 12
0.57 9.59E- 0.00 | 0.62 1.90E-

rs2909218 0.017 | 0.004 0.79 4 05 42.554 | FALSE FALSE FALSE 8 4 | 0.002 17
- 0.41 7.35E- 0.00 | 0.02 2.56E-

rs34726834 0.014 | 0.020 0.25 2 05 32.617 | FALSE FALSE FALSE 9 1] 0.002 12
- 0.21 1.98E- 0.01 | 0.06 8.64E-

rs3750296 -0.021 | 0.019 0.34 6 04 87.841 | FALSE TRUE FALSE 0 3| 0.002 26
0.11 6.64E- 0.01 | 031 5.73E-

rs532436 -0.015 | 0.013 0.18 6 05 29.475 | FALSE FALSE FALSE 3 4| 0.003 07
0.27 8.23E- 0.00 | 0.02 2.56E-

rs58073039 -0.014 | 0.021 0.3 1 05 36.531 | FALSE FALSE FALSE 9 5| 0.002 12
0.04 1.51E- 0.02 | 0.01 1.24E-

rs58542926 0.032 | 0.047 0.08 3 04 66.895 | FALSE FALSE FALSE 0 9 | 0.004 15
0.62 8.07E- 0.00 | 0.05 2.56E-

rs62007299 -0.014 | 0.017 0.71 2 05 35.818 | FALSE FALSE FALSE 9 9 | 0.002 12
0.23 7.54E- 0.00 | 0.62 2.56E-

rs6438900 0.014 | 0.005 0.26 7 05 33.469 | FALSE TRUE FALSE 9 5| 0.002 12
0.41 7.15E- 0.00 | 0.19 1.97E-

rs6698680 -0.012 | 0.011 0.46 7 05 31.747 | FALSE FALSE FALSE 8 0| 0.002 09
0.35 8.16E- 0.00 | 0.20 1.46E-

rs6724965 -0.017 | 0.011 0.17 6 05 36.192 | FALSE FALSE FALSE 9 4| 0.003 08
0.84 6.81E- 0.01 | 0.38 8.03E-

rs6773343 0.013 | 0.010 0.72 4 05 30.238 | FALSE FALSE FALSE 2 2 | 0.002 11
- 0.45 8.23E- 0.00 | 0.85 8.03E-

rs71383766 0.013 | 0.001 0.42 3 05 36.538 | FALSE FALSE FALSE 8 1| 0.002 11
0.17 1.12E- 0.01 | 0.21 1.77E-

rs73015021 0.023 | 0.013 0.12 3 04 49.581 | FALSE FALSE FALSE 1 4 | 0.003 14
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0.07 8.53E- 0.01 | 0.18 1.46E-

rs7519574 A |G 0.017 | 0.020 0.18 7 05 37.859 | FALSE FALSE FALSE 5 9 | 0.003 08
0.19 1.28E- 0.00 | 0.96 2.10E-

rs7528419 G |A 0.019 | 0.000 0.23 2 04 56.746 | FALSE FALSE FALSE 9 2| 0.002 21
0.14 8.07E- 0.01 | 051 2.56E-

rs7569755 A |G 0.014 | 0.008 0.29 0 05 35.818 | FALSE FALSE FALSE 2 9 | 0.002 12
0.20 7.35E- 0.00 | 0.91 8.03E-

rs7718395 G |C 0.013 | 0.001 0.32 3 05 32.638 | FALSE TRUE FALSE 9 1| 0.002 11
0.23 8.19E- 0.00 | 0.83 1.24E-

rs77924615 |A | G -0.016 | 0.002 0.2 4 05 36.354 | FALSE FALSE FALSE 9 2 | 0.002 15
0.80 2.32E- 0.01 | 0.30 3.82E-

rs7828742 G |A -0.022 | 0.011 0.6 4 04 | 103.112 | FALSE FALSE FALSE 0 6 | 0.002 28
0.21 6.34E- 0.01 | 0.42 1.97E-

rs78649910 |A | T -0.018 | 0.008 0.11 2 05 28.152 | FALSE TRUE FALSE 0 3| 0.003 09
- 0.74 3.02E- 0.01 | 0.11 1.46E-

rs8018720 C |G -0.032 | 0.016 0.82 8 04 | 134.174 | FALSE TRUE FALSE 0 4 | 0.003 26
0.81 8.23E- 0.01 | 0.35 8.03E-

rs804280 A | C 0.013 | 0.012 0.58 1 05 36.538 | FALSE FALSE FALSE 3 5| 0.002 11
- 0.19 6.66E- 0.01 | 0.64 8.03E-

rs8063706 T | A 0.013 | 0.005 0.27 4 05 29.563 | FALSE TRUE FALSE 0 0| 0.002 11
- 0.11 7.50E- 0.01 | 0.20 1.97E-

rs8091117 A | C -0.024 | 0.016 0.07 2 05 33.280 | FALSE FALSE FALSE 3 9 | 0.004 09
- 0.82 8.53E- 0.01 | 0.89 2.56E-

rs867772 G |A -0.014 | 0.001 0.68 8 05 37.853 | FALSE FALSE FALSE 0 0| 0.002 12
- 0.66 3.85E- 0.00 | 0.91 1.48E-

rs964184 C |G 0.04 | 0.001 0.86 1 04 | 171.027 | FALSE TRUE FALSE 8 5| 0.003 40
- 0.61 7.17E- 0.01 | 0.56 1.97E-

rs9668081 T |C 0.012 | 0.006 0.47 2 05 31.836 | FALSE FALSE FALSE 0 4| 0.002 09

EA: effect allele; OA:

other allele; EAF: effect allele frequency; SE

: standard error; SNP: single-nucleotide polymorphism.
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Table S4: SNPs used as instruments in the mixed-ancestry MR analysis with their respective effects on 250HD and pediatric T2D.

Beta EAF SE
250H Beta | 250H EAF F- remov | palindromi | ambiguou SE Pval | 250H Pval
SNP D T2D D T2D R2 statistic e c S T2D | T2D D 250HD
0.55 9.78E- 0.00 | 0.03 2.56E-
rs1011468 -0.014 | 0.015 | 0.480 0 05 43.420 FALSE FALSE FALSE 7 7 0.002 12
0.33 8.53E- 0.00 | 0.94 2.56E-
rs1047891 -0.014 | 0.000 | 0.320 1 05 37.853 FALSE FALSE FALSE 6 2 0.002 12
0.53 6.96E- 0.00 | 0.48 1.46E-
rs10818769 -0.017 | 0.005 | 0.860 5 05 30.882 FALSE TRUE TRUE 8 0 0.003 08
- 0.43 7.41E- 0.00 | 0.28 1.10E-
rs10859995 -0.039 | 0.007 | 0.580 2 04 329.063 FALSE FALSE FALSE 6 0 0.002 84
- 0.61 7.17E- 0.00 | 0.17 1.97E-
rs10887718 -0.012 | 0.010 | 0.530 6 05 31.836 FALSE FALSE FALSE 7 5 0.002 09
0.65 1.53E- 0.00 | 0.00 2.26E-
rs11127048 0.018 | 0.026 | 0.620 6 04 67.754 FALSE FALSE FALSE 7 0 0.002 19
rs11152917 - 0.16 7.72E- 0.00 | 0.77 6.38E-
1 -0.015 | 0.003 | 0.220 3 05 34.268 FALSE TRUE FALSE 9 3 0.002 14
rs11228500 0.10 | 9.68E- 0.01 | 0.24 5.51E-
2 0.060 | 0.014 | 0.160 4 04 429.806 | FALSE FALSE FALSE 2 1 0.003 89
0.35 1.18E- 0.00 | 0.42 2.26E-
rs11264360 0.018 | 0.006 | 0.240 8 04 52.453 FALSE TRUE FALSE 7 3 0.002 19
- 0.12 1.02E- 0.00 | 0.41 2.40E-
rs1149605 0.019 | 0.008 | 0.170 9 04 45.209 FALSE FALSE FALSE 9 1 0.003 10
- 0.21 1.44E- 0.00 | 0.04
rs11723621 -0.187 | 0.016 | 0.290 8 02 6483.204 | FALSE FALSE FALSE 8 8 0.002 0
- 0.96 1.29E- 0.01 | 0.92 4.75E-
rs1229984 -0.047 | 0.002 | 0.970 0 04 57.055 FALSE FALSE FALSE 6 5 0.006 15
0.15 9.21E- 0.00 | 0.10 2.40E-
rs12317268 -0.019 | 0.015 | 0.150 2 05 40.852 FALSE FALSE FALSE 9 4 0.003 10
- 0.53 3.54E- 0.00 | 0.32
rs12803256 0.100 | 0.007 | 0.770 2 03 1577.285 | FALSE FALSE FALSE 7 8 0.002 0
0.23 1.02E- 0.00 | 0.80 6.38E-
rs17765311 -0.015 | 0.002 | 0.350 5 04 45.432 FALSE FALSE FALSE 8 4 0.002 14
- 0.54 1.44E- 0.00 | 0.54 1.90E-
rs1800775 -0.017 | 0.004 | 0.490 2 04 64.103 FALSE FALSE FALSE 6 7 0.002 17
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- 0.75 1.47E- 0.00 | 0.20 2.26E-

rs1972994 -0.018 | 0.011 | 0.650 2 04 65.425 FALSE TRUE FALSE 8 1 0.002 19
0.11 3.11E- 0.01 | 0.81 1.32E-

rs2011425 -0.046 | 0.002 | 0.080 6 04 138.255 FALSE FALSE FALSE 0 8 0.004 30
- 0.11 8.22E- 0.01 | 0.28 1.48E-

rs2074735 0.027 | 0.012 | 0.060 2 05 36.492 FALSE TRUE FALSE 1 5 0.004 11
0.05 1.22E- 0.01 | 0.14 4.45E-

rs2229742 -0.026 | 0.024 | 0.100 2 04 54.000 FALSE TRUE FALSE 6 3 0.003 18
- 0.16 9.31E- 0.00 | 0.79 2.56E-

rs2847500 -0.021 | 0.002 | 0.120 9 05 41.333 FALSE FALSE FALSE 8 5 0.003 12
0.63 9.59E- 0.00 | 0.84 1.90E-

rs2909218 0.017 | 0.001 | 0.790 7 05 42.554 FALSE FALSE FALSE 6 6 0.002 17
- 0.37 7.35E- 0.00 | 0.00 2.56E-

rs34726834 0.014 | 0.020 | 0.250 2 05 32.617 FALSE FALSE FALSE 7 3 0.002 12
- 0.30 1.98E- 0.00 | 0.04 8.64E-

rs3750296 -0.021 | 0.014 | 0.340 9 04 87.841 FALSE TRUE FALSE 7 7 0.002 26
0.13 6.64E- 0.01 | 0.06 5.73E-

rs532436 -0.015 | 0.018 | 0.180 0 05 29.475 FALSE FALSE FALSE 0 3 0.003 07
0.33 8.23E- 0.00 | 0.01 2.56E-

rs58073039 -0.014 | 0.017 | 0.300 3 05 36.531 FALSE FALSE FALSE 7 7 0.002 12
0.05 1.51E- 0.01 | 0.00 1.24E-

rs58542926 0.032 | 0.047 | 0.080 0 04 66.895 FALSE FALSE FALSE 5 2 0.004 15
0.42 5.52E- 0.00 | 0.17 2.06E-

rs6127099 -0.037 | 0.009 | 0.280 8 04 245.067 FALSE TRUE TRUE 7 8 0.002 76
0.62 8.07E- 0.00 | 0.00 2.56E-

rs62007299 -0.014 | 0.018 | 0.710 7 05 35.818 FALSE FALSE FALSE 7 8 0.002 12
0.29 7.54E- 0.00 | 0.72 2.56E-

rs6438900 0.014 | 0.002 | 0.260 4 05 33.469 FALSE TRUE FALSE 7 3 0.002 12
0.40 7.15E- 0.00 | 0.11 1.97E-

rs6698680 -0.012 | 0.010 | 0.460 9 05 31.747 FALSE FALSE FALSE 6 5 0.002 09
0.37 8.16E- 0.00 | 0.33 1.46E-

rs6724965 -0.017 | 0.007 | 0.170 9 05 36.192 FALSE FALSE FALSE 7 5 0.003 08
0.78 6.81E- 0.00 | 0.65 8.03E-

rs6773343 0.013 | 0.004 | 0.720 5 05 30.238 FALSE FALSE FALSE 8 6 0.002 11
- 0.41 8.23E- 0.00 | 0.84 8.03E-

rs71383766 0.013 | 0.001 | 0.420 3 05 36.538 FALSE FALSE FALSE 6 6 0.002 11
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0.19 1.12E- 0.00 | 0.63 1.77E-

rs73015021 0.023 | 0.004 | 0.120 4 04 49.581 FALSE FALSE FALSE 8 7 0.003 14
0.10 8.53E- 0.01 | 0.86 1.46E-

rs7519574 0.017 | 0.002 | 0.180 8 05 37.859 FALSE FALSE FALSE 0 7 0.003 08
- 0.20 1.28E- 0.00 | 0.65 2.10E-

rs7528419 0.019 | 0.003 | 0.230 9 04 56.746 FALSE FALSE FALSE 7 8 0.002 21
0.25 8.07E- 0.00 | 0.73 2.56E-

rs7569755 0.014 | 0.003 | 0.290 2 05 35.818 FALSE FALSE FALSE 8 1 0.002 12
0.22 7.35E- 0.00 | 0.25 8.03E-

rs7718395 0.013 | 0.009 | 0.320 5 05 32.638 FALSE TRUE FALSE 8 7 0.002 11
0.21 8.19E- 0.00 | 0.56 1.24E-

rs77924615 -0.016 | 0.005 | 0.200 9 05 36.354 FALSE FALSE FALSE 8 0 0.002 15
0.72 2.32E- 0.00 | 0.14 3.82E-

rs7828742 -0.022 | 0.011 | 0.600 6 04 103.112 FALSE FALSE FALSE 7 4 0.002 28
0.18 6.34E- 0.00 | 0.43 1.97E-

rs78649910 -0.018 | 0.007 | 0.110 2 05 28.152 FALSE TRUE FALSE 9 2 0.003 09
- 0.77 3.02E- 0.00 | 0.28 1.46E-

rs8018720 -0.032 | 0.009 | 0.820 9 04 134.174 FALSE TRUE FALSE 8 5 0.003 26
0.67 8.23E- 0.00 | 0.55 8.03E-

rs804280 0.013 | 0.005 | 0.580 6 05 36.538 FALSE FALSE FALSE 8 5 0.002 11
- 0.28 6.66E- 0.00 | 0.10 8.03E-

rs8063706 0.013 | 0.012 | 0.270 5 05 29.563 FALSE TRUE FALSE 7 3 0.002 11
- 0.22 7.50E- 0.00 | 0.11 1.97E-

rs8091117 -0.024 | 0.015 | 0.070 2 05 33.280 FALSE FALSE FALSE 9 8 0.004 09
- 0.79 8.53E- 0.00 | 0.71 2.56E-

rs867772 -0.014 | 0.003 | 0.680 3 05 37.853 FALSE FALSE FALSE 8 8 0.002 12
0.71 3.85E- 0.00 | 0.67 1.48E-

rs964184 0.040 | 0.003 | 0.860 3 04 171.027 FALSE TRUE FALSE 7 2 0.003 40
0.53 7.17E- 0.00 | 0.92 1.97E-

rs9668081 0.012 | 0.001 | 0.470 0 05 31.836 FALSE FALSE FALSE 7 0 0.002 09

EA: effect allele; OA: other allele; EAF: effect allele frequency; SE

: standard error; SNP: single-nucleotide polymorphism.
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Table S5: Results of the main MR analysis presented in Table 1 after filtering for SNPs associated with confounders using PhenoScanner.

N of SNPs MR- MR- MR- MR- MR- MR-PRESSO
after Egger Egger PRESSO PRESSO PRESSO distortion
PhenoScanner 95%_L Cohran- | Cohran- | Interece | intercept | global test global test distortion test
Method filtering OR 95%_UL L P-value Q Q p-val pt p-value RSSobs p-value coefficient p-value
Meta-analysis
VW 29 1.048 1.123 0.979 0.177 32.417 0.258
Weighted
median 29 1.086 1.177 1.002 0.045
Weighted mode 29 1.061 1.139 0.988 0.115
1.95E-
MR Egger 29 1.066 1.166 0.975 0.169 31.991 01 -0.002 0.445
MR PRESSO 29 1.048 1.123 0.979 0.188 38.007 0.308 NA NA
Non-Hispanic Whites
Ivw 34 0.940 1.059 0.834 0.306 36.500 0.309
Weighted
median 34 0.934 1.084 0.805 0.369
Weighted mode 34 0.919 1.035 0.816 0.173
MR Egger 34 0.936 1.089 0.804 0.399 36.493 0.268 3.03E-04 0.936
MR PRESSO 34 0.940 1.059 0.834 0.313 37.760 0.384 NA NA
African-Americans
Ivw 27 1.084 1.336 0.880 0.448 30.870 0.233
Weighted
median 27 1.194 1.532 0.930 0.164
Weighted mode 27 1.180 1.486 0.938 0.170
MR Egger 27 1.234 1.635 0.932 0.155 28.840 0.271 -0.007 0.197
MR PRESSO 27 1.084 1.336 0.880 0.455 33.275 0.254 NA NA
Hispanics
VW 29 1.088 1.190 0.994 0.068 36.233 0.137
Weighted
median 29 1.138 1.262 1.025 0.015
Weighted mode 29 1.091 1.191 0.999 0.064

22




MR Egger 29 1123 | 1.262 | 0998 | 0.064 | 35332 | 0.131 -0.002 0.414
MR PRESSO 29 1.088 | 1.190 | 0.994 | 0.079 43.704 0.214 NA NA
Significant p-values are denoted in bold
Table S6: Results of the MR sensitivity analysis with 4 vitamin D core gene SNPs.
Method N of SNPs* OR 95%_UL 95%_LL P-value
Non-Hispanic Whites
VW 4 0.932 1.069 0.750 0.223
Weighted median 4 0.913 1.108 0.753 0.356
Weighted mode 4 0.896 1.121 0.757 0.473
MR Egger 4 0.921 1.351 0.643 0.746
African-Americans
VW 4 1.799 1.668 0.771 0.523
Weighted median 4 1.278 1.847 0.885 0.191
Weighted mode 4 1.134 1.926 0.884 0.273
MR Egger 4 1.305 4.571 0.708 0.342
Hispanics
Ivw 4 1.266 1.277 0.988 0.076
Weighted median 4 1.150 1.314 1.006 0.040
Weighted mode 4 1.123 1.385 1.056 0.071
MR Egger 4 1.209 1.660 0.965 0.231

* all 4 SNPs were ancestry-informed proxies of the 4 250HD SNPs reported by Jiang et al SNPs. Significant p-values are denoted in bold
Table S7: Results of the MR sensitivity analysis using 4 African 250HD SNPs.

Method N of SNPs OR 95%_LL 95%_UL P-value
VW 4 0.991 0.935 1.050 0.763
Weighted median 4 0.984 0.922 1.050 0.624
Weighted mode 4 0.983 0.920 1.050 0.643
MR Egger 4 1.065 0.904 1.254 0.531
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Table S8: Results of the MVMR testing effects of both 250HD and pediatric BMI on pediatric T2D risk.

EXPOSUR OR 95%_LL 95%_UL t-value Pr(>|t])
E
Meta-analysis
250HD 1.027 0.943 1.118 0.608 0.546
BMI 0.977 0.873 1.095 -0.395 0.694
Non-Hispanic Whites
250HD 0.929 0.814 1.060 -1.095 0.279
BMI 1.017 0.843 1.226 0.174 0.862
African-Americans
250HD 1.107 0.889 1.377 0.908 0.370
BMI 1.007 0.876 1.157 0.099 0.921
Hispanics
250HD 1.063 0.963 1.174 1.216 0.230
BMI 0.967 0.843 1.108 -0.489 0.627
Table S9: Results of the MR power analysis in the main MR analyses.
MR Power | Sample (cases/controls) R2 OR
Meta-analysis
80% | 3006/6061 2.5 1.39
Non-Hispanic Whites
80% | 664/1434 2.5 2.00
African-Americans
80% | 1068/1068 2.5 2.10
Hispanics
80% | 1274/3559 3.1 1.66

R2: % variance explained by exposure SNPs




Figure S1: Scatter plot and forest plot of the main MR analysis in the multi-ethnic PRODIGY cohort.
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Figure S2: Scatter plot and forest plot of the main MR analysis in Non-Hispanic White PRODIGY sub-cohort.
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Figure S3: Scatter plot and forest plot of the main MR analysis in the African-American PRODIGY sub-cohort.
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Figure S4: Scatter plot and forest plot of the main MR analysis in the Hispanic PRODIGY sub-cohort.
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