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ABSTRACT

Introduction Observational studies suggest that physical
activity lowers and sedentary behavior increases the risk
of type 2 diabetes. Despite of some supportive trial data
for physical activity, it is largely unresolved whether these
relations are causal or due to bias.

Objective We investigated the associations between
accelerometer-based physical activity and sedentary
behavior with type 2 diabetes and several glycemic traits
using two-sample Mendelian randomization analysis.
Research design and methods Single nucleotide
polymorphisms (SNPs) associated at p<5x1078

with accelerometer-based physical activity average
accelerations, vigorous physical activity (fraction of
accelerations >425 milligravities), and sedentary
behavior (metabolic equivalent task <1.5) in a genome-
wide analysis of the UK Biobank served as instrumental
variables.

Outcomes Type 2 diabetes, hemoglobin A1c (HbA1c),
fasting glucose, homeostasis model assessment of
beta-cell function (HOMA-B), and homeostasis model
assessment of insulin resistance (HOMA-IR).

Results Physical activity and sedentary behavior were
unrelated to type 2 diabetes, HbA1c, fasting glucose,
HOMA-B, and HOMA-IR. The inverse variance weighted
ORs per SD increment for the association between average
accelerations and vigorous physical activity with type 2
diabetes were 1.00 (95% Cl 0.94 to 1.07, p=0.948) and
0.83 (95% Cl 0.56 to 1.23, p=0.357), respectively. These
results were confirmed by sensitivity analyses using
alternative MR-methods to test the robustness of our
findings.

Conclusions Based on these results, genetically predicted
objectively measured average or vigorous physical
activity and sedentary behavior is not associated with
type 2 diabetes risk or with glycemic traits in the general
population. Further research is required to deepen the
understanding of the biological pathways of physical
activity.

INTRODUCTION

Type 2 diabetes is one of the most frequent
non-communicable diseases, with an esti-
mated 463 million cases worldwide in 2019;
this number is projected to increase to 578

Significance of this study

What is already known about this subject?

» Based on randomized controlled trials mostly con-
ducted in people with high risk for diabetes, there is
no clear evidence that physical activity alone or diet
alone compared with standard treatment influences
the risk for type 2 diabetes.

What are the new findings?

» In a two-sample Mendelian randomization study,
neither genetically predicted objectively measured
average and vigorous physical activity nor seden-
tary behavior were significantly associated with
type 2 diabetes and glycemic traits in the general
population.

How might these results change the focus of

research or clinical practice?

» Further investigation is necessary to deepen the
understanding of the biologic pathways of physical
activity.

million by 2030." A variety of observational
cohort studies found an inverse associa-
tion between physical activity (PA) and type
2 diabetes, while only a few investigations
reported no association.” Studies showed
a reduced risk with greater moderate and
vigorous activity, but data were less consis-
tent for low intensity activity such as walking.”
Subsequent studies focused on specific types
of PA and possible dose-response relation-
ships.? In addition, meta-analyses of interven-
tion studies revealed that exercise programs
induce changes in glycemic traits such as
fasting blood glucose and glycated hemo-
globin levels.” However, the beneficial effect
of PA seems to depend on the duration of
exercise and not on the type and intensity of
activity.g

Previous observational studies have relied
on self-report measures of PA, which are
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prone to recall and response biases and may attenuate
‘true’ associations with the outcome.*® There is evidence
that self-reported and objective measures of PA can yield
discrepant estimates.* ® Large epidemiologic studies
usually lack objective measurements of PA; however, the
UK Biobank is an exception. In approximately 100 000
study participants, PA was measured using a wrist acceler-
ometer that study participants wore for 7 days.” Although
objective methods to measure PA help address measure-
ment error, observational studies can be subject to other
biases including residual confounding and reverse
causality.

Mendelian randomization (MR) may provide another
line of evidence concerning the roles of PA and seden-
tary behaviors (SBs) in type 2 diabetes. MR tests the
effects of PA on type 2 diabetes using genetic variants as
instruments that are explicitly associated with the expo-
sure PA and exert an effect on type 2 diabetes only via
the exposure. Because variants are randomly allocated
from parents to offspring at conception, they are less
susceptible to environmental confounding and reverse
causation than traditional —observational studies."
Because genetic variants instrument for long-term levels
of PA, regression dilution bias is less likely in MR studies.'!
Moreover, objectively measured PA is more heritable'?
than self-reported PA and thus more powerfully instru-
mented by single nucleotide polymorphism (SNPs) in the
MR context.'” We performed two-sample MR analyses to
investigate the relationship between accelerometer-based
average accelerations, vigorous PA (fraction of accelera-
tions >425 milligravities), and SB with type 2 diabetes and
glycemic traits, namely hemoglobin Alc (HbAlc), fasting
blood glucose, homeostasis model assessment of beta-cell
function (HOMA-B), and homeostasis model assessment
of insulin resistance (HOMA-IR).

METHODS

The study design had five components: (1) identifica-
tion of genetic variants to serve as instrumental variables
for PA and SB; (2) acquisition of instrumenting SNP
outcome summary data from genome-wide association
studies of type 2 diabetes, HbAlc levels, fasting glucose
levels, HOMA-B, and HOMA-IR; (3) harmonization of
SNP exposure and SNP outcome datasets; (4) statistical
analysis; and (5) evaluation of MR analysis assumptions
and sensitivity analyses.

Assessment of PA in UK Biobank
Data regarding different types of PA were gathered in the
UK Biobank, a large prospective cohort study including
approximately 500 000 men and women (ages 40-69
years) living in the UK. Recruitment from 22 centers
across the UK was performed between 2006 and 2010."*
All study participants provided written informed consent.
In approximately 100 000 study participants,
accelerometer-based PA data (Axivity AX3 wrist-worn
accelerometer) were gathered.” We used genetic variants

proxying two accelerometer-based PA measures: average
accelerations (mean acceleration in milligravities) and
the fraction of accelerations >425 milligravities,'* the
latter corresponding to an equivalent of vigorous PA
(=6 metabolic equivalent tasks (METs)). Accelerometer-
based SB was defined as a MET <1.50."

Selection of instrumental variables for PA
Most UK Biobank participants were genotyped with the
Affymetrix UK Biobank Axiom Array (Santa Clara, Cali-
fornia, USA), while about 10% were genotyped with the
Affymetrix UK BiLEVE Axiom Array.'®

We initially selected eight SNPs associated with average
accelerations and eight SNPs associated with vigorous
PA at a genome-wide significance level (p<5x10™®) in 91
084 UK Biobank participants.'® In addition, we selected
six SNPs associated with SB at p<5x107%.'> We looked
up each instrument SNP and its proxies (r?>0.8) in the
PhenoScanncer genome-wide association study (GWAS)
database (http://phenoscanner.medschl.cam.ac.uk)17
to assess any previous associations (p<Ix10™®) with the
outcomes or potential confounders. Smoking was consid-
ered a relevant confounder." ' We identified one of
the SNPs for average accelerations (rs28749810) nomi-
nally associated with type 2 diabetes and the metabolic
syndrome, respectively. After removing this SNP, seven,
eight, and six SNPs were used as instrumental variables
for average accelerations, vigorous PA, and SB in the
primary analysis.

GWAS summary data for outcomes

Summary data for the associations of genetic variants
with type 2 diabetes were obtained from a GWAS meta-
analysis of 32 studies including 898 130 individuals of
European ancestry from the Diabetes Genetics Repli-
cation And Meta-analysis (DIAGRAM Consortium; 74
124 type 2 diabetes cases and 824 006 controls).*’ For
HbAlc, summary data from a publication by Wheeler
et al’' based on 123 665 diabetesfree participants’ data
from the Meta-Analyses of Glucose and Insulin-related
Traits Consortium (MAGIC) were used. Summary data
for fasting glucose (sample size n=58 074), HOMA-B
(n=36 466), and HOMA-IR (n=37 037) were drawn from
publications by Manning et af** and Dupuis e al® based
on data of diabetes-free individuals of European ancestry
from the MAGIC. The GWAS for the outcomes did not
include data from the UK Biobank. Online supplemental
tables 2—4 provide associations of genome-wide signifi-
cant harmonized SNPs for accelerometer-based PA and
SB with type 2 diabetes and glycemic traits.

Data availability

The present study is based on summary-level data that
have been made publicly available. In all original studies,
ethical approval had been obtained. The summary statis-
tics for the PA and SB GWAS is available at https:/ /klimen-
tidis.lab.arizona.edu/content/data and at https://doi.
org/10.5287/bodleian:y]p6zZmdj. The summary data
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for the type 2 diabetes GWAS are available at http://
diagram-consortium.org/downloads.html, while for the
HbAlc, fasting glucose, HOMA-B and HOMA-IR GWASs,
summary data are available at www.magicinvestigators.
org/downloads.

Statistical power

The a priori statistical power for the binary trait was
calculated according to Burgess® and for continuous
traits according to Deng.”

The eight SNPs for average accelerations explained
0.25%, and the eight SNPs for vigorous activity explained
0.25% of the phenotypic variance. The analyses were
sufficiently powered to identify associations between
the different exposure variables and outcomes (online
supplemental table 6).

Statistical analyses
The principal analysis was conducted using a multipli-
cative random effects inverse-variance weighted (IVW)
method, which allows for each SNP to have different mean
effects.”® The results for the outcome type 2 diabetes are
presented as ORs and 95% CIs per 1 SD increment in
average accelerations and vigorous PA or SB. One SD
of objectively measured PA in the UK Biobank study
has been reported to be approximately 8 milligravities
(or 0.08 m/sg) of acceleration in a mean 5 s window
of analyzed accelerometer data.'” A 1-SD increment in
average accelerations (8.14 milligravities or 0.08 m/s?)
approximates to about 3 MET-hour/day,”” with one MET
equal to the metabolic cost of sitting quietly.**The results
for the continuous outcomes are presented as B-estimates
and 95% CIs per SD of objectively measured PA or SB.
One key assumption for IVW to produce a valid esti-
mate is that there is no other way SNPs could affect the
outcome than through the exposure. Violations of this
assumption through horizontal pleiotropy can intro-
duce bias, whereby the instruments exert an effect on
the outcome independent of the exposure. To examine
possible violations of this assumption, we checked each
candidate SNP and its proxies (r?>0.8) in PhenoScanner
(online supplemental table 5) for previously reported
associations (p<5x107%) with confounders. The presence
of pleiotropy was further investigated using between-
instrument heterogeneity of the IVW estimates based on
a modified Cochran’s Q statistic (online supplemental
table 7). If the pleiotropy is ‘balanced’ (ie, pleiotropic
effects are independent in the magnitude of the SNP-
exposure associations, and its mean is zero), the effect
can be reliably estimated by the multiplicative random
effects IVW method. However, if the mean pleiotropic
effect is non-zero, as shown by the presence of a devia-
tion from a zero intercept of an MR Egger regression,
robust MR methods are indicated. Thus, IVW results
were compared with other MR methods to address the
violations of specific instrumental variable assumptions:
weighted median MR-Pleiotropy RESidual Sum and
Outlier (MR-PRESSO) and MR Mixture. The weighted

median approach selects the median MR estimate as the
causal estimate.” To detect and correct for any outliers
reflecting likely pleiotropic biases for all reported results,
the MR-PRESSO method was applied.”” For sedentary
behavior, there were less than five variants in combina-
tion with fasting glucose, HOMA-B and HOMA-IR. The
MR-PRESSO method is based on the assumption that at
least 50% of the variants are valid instruments relying on
the Instrument Strength Independent of Direct Effect
(InSIDE) condition. Thus, with less than five SNPs, the
MR-PRESSO results were not very meaningful, and there-
fore, we omitted this analysis. The MRMix approach is a
robust MR analysis tool that has the ability to trade off
bias and efficiency for estimation of causal effects in the
presence of invalid instruments.”

We performed leave-one-out analyses and exclusion of
potentially pleiotropic SNPs to rule out possible pleio-
tropic effects (see online supplemental tables 8-10). The
study was not preregistered. Analyses were performed
using the TwoSampleMR (V.0.4.25)* and MRPRESSO
(V.1.0) packages in R (V.3.6.1). Reporting follows the
Strengthening the Reporting of Observational Studies in
Epidemiology statement.”

ETHICS APPROVAL

In the present study, publicly available summary statis-
tics were used, and therefore, no ethical approval was
required.

RESULTS

Accelerometer-based PA and type 2 diabetes and glycemic
traits

Average accelerations were unrelated to type 2 diabetes
(IVW OR per 1 SD: 1.00; 95% CI 0.94 to 1.07), HbAlc
(IVW B-estimate per 1 SD: 0.001; 95% CI —-0.007 to 0.01),
fasting glucose (IVW B-estimate per 1 SD: -0.001; 95%
CI -0.017 to 0.015), HOMA-B (IVW B-estimate per 1 SD:
-0.002; 95% CI -0.021 to 0.017), and HOMA-IR (IVW
B-estimate per 1 SD: -0.001; 95% CI -0.019 to 0.016
(table 1)) across all MR methods.

We also found no evidence that vigorous PA was asso-
ciated with type 2 diabetes (IVW OR per 1 SD: 0.83; 95%
CI 0.56 to 1.23). Also, there was no association between
vigorous PA and the investigated glycemic traits HbAlc,
fasting glucose, HOMA-B, and HOMA-IR (table 2).

Accelerometer-based SB and type 2 diabetes and glycemic
traits

We found that genetically predicted SB was unrelated to
type 2 diabetes (IVW OR per 1 SD: 0.86; 95% CI 0.69 to
1.08) and all the other investigated outcomes (table 3).
This result was confirmed across all MR methods.

We conducted a series of sensitivity analyses to assess
the robustness of the results. The F statistics for the
genetic instruments were 30 or higher, consistent with an
absence of weak instrument bias (online supplemental
table 1).
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Table 1 Mendelian randomization (MR) estimates between accelerometer-based average accelerations and type 2 diabetes

and glycemic traits

Method gﬁ.l’c: OR/beta 95% CI P value Outcome
Inverse variance weighted (multiplicative 7 1.00 (0.94 to 1.07) 0.948 Type 2 diabetes
random effects)

Weighted median 7 1.01 (0.97 to 1.06) 0.562 Type 2 diabetes
MR-PRESSO: outlier corrected 4 1.03 (1.01 to 1.06) 0.103 Type 2 diabetes
MRMix 7 1.52 (1.14 to 2.03) 0.004 Type 2 diabetes
Inverse variance weighted (multiplicative 5 0.001 (-0.007 to 0.01) 0.767 HbA1c

random effects)

Weighted median 5 0.000 (-0.01 to 0.01) 0.968 HbA1c
MR-PRESSO: raw ) 0.001 (-0.007 to 0.01) 0.782 HbA1c

MRMix 5 0.035 (-0.917 t0 0.987) 0.943 HbA1c

Inverse variance weighted (multiplicative 5 —-0.001 (-0.017 to 0.015) 0.914 Fasting glucose
random effects)

Weighted median 5 0.002 (-0.019 to 0.023) 0.861 Fasting glucose
MR-PRESSO: raw 5 —-0.001 (-0.012 to 0.01) 0.886 Fasting glucose
MRMix 5 -0.010 (—0.204 to 0.184) 0.919 Fasting glucose
Inverse variance weighted (multiplicative 5 -0.002 (-0.021 to0 0.017) 0.811 HOMA-B
random effects)

Weighted median 5 -0.010 (-0.03 to 0.009) 0.294 HOMA-B
MR-PRESSO: raw 5 -0.002 (-0.021 t0 0.017) 0.822 HOMA-B
MRMix 5 -0.360 (-0.698 to —-0.022) 0.037 HOMA-B
Inverse variance weighted (multiplicative 5 —-0.001 (-0.019 to 0.016) 0.871 HOMA-IR
random effects)

Weighted median 5 -0.003 (-0.026 to 0.02) 0.786 HOMA-IR
MR-PRESSO: raw 5 -0.001 (-0.018 to 0.015) 0.875 HOMA-IR
MRMix 5 -0.010 (-0.269 to 0.249) 0.940 HOMA-IR

HbA1c, hemoglobin A1c; HOMA-B, homeostasis model assessment of beta-cell function; HOMA-IR, homeostasis model assessment of
insulin resistance ; MR-PRESSO, MR-Pleiotropy RESidual Sum and Outlier; SNPs, single nucleotide polymorphisms.

The intercept test from MR-Egger regression suggested
no presence of pleiotropy (online supplemental table
11). The estimates from the weighted median approach
were consistent with the estimates from the IVW models,
and the MR-PRESSO test identified no pleiotropic SNPs.
Furthermore, the results from the leave-one-out analysis
did not reveal any influential SNPs driving the associa-
tions (online supplemental table 8-10).

DISCUSSION

In this MR study, genetic predisposition to accelerometer-
based average PA, vigorous PA and SB were not associ-
ated with the risk of type 2 diabetes. Furthermore, the
present results did not provide clear evidence for a rela-
tionship between the different PA measures or SB and
insulin resistance, beta-cell function, HbAlc as well as
fasting glucose.

Our findings are not consistent with most previous
observational studies and meta-analyses showing
a protective association of PA with type 2 diabetes
risk.? ** A recent systematic review and dose-response

meta-analysis® reported a 39% risk reduction (95% CI
0.51 to 0.74) when comparing high with low self-reported
vigorous PA, with moderate heterogeneity across the
included eight prospective observational studies in that
subanalysis (I°=78%) and varying levels of adjustment
for confounding factors. The discrepancies to our results
might be attributable to residual confounding due to
unmeasured or imprecisely measured confounders
in observational studies. Furthermore, our MR anal-
ysis reflect long-term/lifelong PA in contrast to studies
using short-term self-reported PA habits or PA interven-
tions as exposure. Usually, higher PA is linked to other
healthy lifestyle factors (healthier diet, lower prevalence
of obesity and smol<ing).35 The ability to disentangle the
impact of highly correlated healthy lifestyle habits from
each other and from other positive effects associated
with PA and subsequently with a lower risk of diabetes
(eg, lower blood pressure and weight, improved lipid
profile, and mental well-being) may be limited when
using conventional multivariable regression methods.*®
Furthermore, the association between PA and type 2
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Table 2 Mendelian randomization (MR) estimates between accelerometer-based vigorous PA (fraction of accelerations>425
milli-gravities) and type 2 diabetes and glycemic traits

Method 2;-;: OR/beta 95% CI P value Outcome
Inverse variance weighted (multiplicative 8 0.83 (0.56 to 1.232) 0.357 Type 2 diabetes
random effects)

Weighted median 8 0.80 (0.58 to 1.11) 0.177 Type 2 diabetes
MR-PRESSO: outlier corrected 6 0.86 (0.60 to 1.21) 0.421 Type 2 diabetes
MRMix 8 1.45 (0.86 to 2.44) 0.165 Type 2 diabetes
Inverse variance weighted (multiplicative 6 -0.018 (—0.085 to 0.05) 0.606 HbA1c

random effects)

Weighted median 6 0.016 (-0.07 to 0.102) 0.717 HbA1c
MR-PRESSO: raw 6 -0.018 (-0.079 to 0.043) 0.595 HbA1c

MRMix 6 -0.035 (-0.169 to 0.099) 0.609 HbA1C

Inverse variance weighted (multiplicative 6 0.065 (-0.11 to 0.24) 0.469 Fasting glucose
random effects)

Weighted median 6 0.059 (—0.148 to 0.266) 0.578 Fasting glucose
MR-PRESSO: raw 6 0.065 (=0.11 to 0.24) 0.502 Fasting glucose
MRMix 6 -0.010 (-0.574 to 0.554) 0.972 Fasting glucose
Inverse variance weighted (multiplicative 6 0.069 (=0.071 to 0.209) 0.336 HOMA-B
random effects)

Weighted median 6 0.013 (-0.17 t0 0.197) 0.886 HOMA-B
MR-PRESSO: raw 6 0.069 (-0.071 to 0.209) 0.380 HOMA-B
MRMix 6 0.110 (-0.902 to 1.122) 0.831 HOMA-B
Inverse variance weighted (multiplicative 6 0.102 (-0.111 to 0.316) 0.349 HOMA-IR
random effects)

Weighted median 6 -0.041 (-0.258 t0 0.176) 0.708 HOMA-IR
MR-PRESSO: raw 6 0.102 (-0.111 to 0.316) 0.392 HOMA-IR
MRMix 6 -0.030 (-0.455 to 0.395) 0.890 HOMA-IR

HbA1c, hemoglobin A1c; HOMA-B, homeostasis model assessment of beta-cell function; HOMA-IR, homeostasis model assessment of
insulin resistance ; MR-PRESSO, MR-Pleiotropy RESidual Sum and Ouitlier; PA, physical activity; SNPs, single nucleotide polymorphisms.

diabetes in observational studies might be due to reverse
causation. Individuals screened for high risk of type
2 diabetes or with a diagnosis of pre-diabetes possibly
change their lifestyle to delay or prevent a manifestation
of the disease.”” ® A change in lifestyle might include
increasing levels of PA in addition to diet changes, weight
loss, and quitting smoking.37 5

In an exposure-wide umbrella review of meta-analyses
(including observational studies) regarding risk factors
for type 2 diabetes, the association between seden-
tary time and risk of type 2 diabetes was supported by
convincing evidence.” Another systematic review and
meta-analysis on the association between self-reported
SB and different health outcomes found an increased
risk for incident type 2 diabetes with higher levels of
total sitting as well as TV viewing time, independent
of PA.* This finding was not replicated in the present
study. However, in that meta-analysis, there was substan-
tial heterogeneity in exposure measurement and unmea-
sured confounding was likely,"” and thus it is difficult to
ascertain causality. It is conceivable that in SB studies,

confounding by socioeconomic status is more likely than
in PA studies because TV time is strongly negatively asso-
ciated with education level.*!

A number of randomized controlled trials (RCTs)
have examined the effect of exercise interventions on
glycemic traits. However, the majority of these RCTs used
an intervention that combined exercise and diet compo-
nents, which make it difficult to attribute the effect to
PA*; only one RCT focused exclusively on PA interven-
tion.* Recently, a Cochrane Intervention Review of 12
RCTs with a total of 5238 persons on the issue whether
PA, diet or both can prevent or delay type 2 diabetes and
its associated complications was published.*” Most of the
trials included persons at increased risk of type 2 diabetes
and the duration of the intervention varied between 2
and 6 years. Only one trial compared diet with PA in one
of its trial arms.”* There was no clear evidence that diet
alone or PA alone compared with standard treatment
influences the risk for type 2 diabetes,42 and the overall
quality of evidence was very low. Our study confirms
this finding by showing that objectively measured PA of
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Table 3 Mendelian randomization (MR) estimates between accelerometer-based sedentary behavior (MET <1.5) and type 2

diabetes and glycemic traits

Method gﬁ.l’zf OR/beta 95% CI P value Outcome
Inverse variance weighted (multiplicative 5 0.86 (0.69 to 1.08) 0.190 Type 2 diabetes
random effects)

Weighted median 5 0.80 (0.60 to 1.08) 0.141 Type 2 diabetes
MR-PRESSO: raw 6 0.86 (0.69 to 1.08) 0.260 Type 2 diabetes
MRMix 6 1.00 (0.58 to0 1.73) 1.000 Type 2 diabetes
Inverse variance weighted (multiplicative 4 0.010 (—0.078 to 0.099) 0.818 HbA1c

random effects)

Weighted median 4 0.030 (-0.069 to 0.129) 0.553 HbA1c
MR-PRESSO: raw 5 0.010 (-0.078 to 0.099) 0.833 HbA1c

MRMix 5 0.025 (-0.130 to 0.180) 0.751 HbA1c

Inverse variance weighted (multiplicative 3 0.014 (-0.142 to 0.171) 0.856 Fasting glucose
random effects)

Weighted median 3 0.045 (-0.144 t0 0.234) 0.643 Fasting glucose
MRMix 4 0.025 (—0.185 to 0.235) 0.816 Fasting glucose
Inverse variance weighted (multiplicative 3 0.001 (-0.264 to 0.267) 0.991 HOMA-B
random effects)

Weighted median 3 0.126 (—0.068 to 0.319) 0.203 HOMA-B
MRMix 4 0.230 (-0.122 to 0.582) 0.200 HOMA-B
Inverse variance weighted (multiplicative 3 0.023 (—0.363 to 0.409) 0.907 HOMA-IR
random effects)

Weighted median 3 0.113 (-0.154 to 0.38) 0.407 HOMA-IR
MRMix 4 0.320 (-0.078 to 0.718) 0.115 HOMA-IR

HbA1c, hemoglobin A1c; HOMA-B, homeostasis model assessment of beta-cell function; HOMA-IR, homeostasis model assessment
of insulin resistance ; MET, metabolic equivalent task; MR-PRESSO, MR-Pleiotropy RESidual Sum and Outlier; SNPs, single nucleotide

polymorphisms.

different intensities alone does not significantly reduce
the risk of type 2 diabetes.

We also found no associations between objectively
measured PA levels or SB and various glycemic traits.
RCTs on this topic have yielded inconsistent results. In a
systematic review and meta-analysis of randomized trials
including 7487 participants aged 18-90 years (78.1%
free of diabetes) based on 160 RCTs, moderate to long
duration exercise training (2 weeks—2 years)® had a
protective effect on insulin resistance (HOMA-IR) and
HbAlc but not on fasting glucose levels.* Other system-
atic reviews and meta-analyses also suggested a protective
effect of PA on insulin resistance. However, the quality
of the included studies in those meta-analyses was mostly
poor (high risk of bias),* and the quality of evidence was
low or very low for all outcomes.*’

In addition, a systematic review and meta-analysis
reported inverse relations of HbAlc and insulin to
resistance exercise training intensity,47 and other meta-
analyses found a reduction in fasting glucose levels
after resistance exercise interventions in non-diabetic
persons’” or a reduction of fasting glucose and HbAlc
in physically active persons with type 2 diabetes or meta-
bolic syndrome only.*® Another systematic review and

meta-analysis supported a decrease in HbAlc levels
in favor of the physically active group (effect size 0.32;
95% CI 0.01 to 0.62) noting substantial heterogeneity
(I’=63.2%; p=0.008).**

Our MR analysis found no effect of average PA,
vigorous PA and SB on glycemic traits. This seems plau-
sible because it is unlikely that PA will have a significant
effect on these glycemic traits in the normal range in
non-diabetic individuals. Most previous RCTs investi-
gating the effects of PA on fasting glucose and HbAlc
levels were conducted in high-risk groups, such as indi-
viduals with pre-diabetes or obesity or people with mani-
fest type 2 diabetes. Hence, from observational studies
and RCTs on this issue, it is not clear so far whether asso-
ciations between PA and type 2 diabetes are causal or
biased due to self-report measurement error, residual
confounding, reverse causality, or ascertainment bias in
RCTs.

The findings of our two-sample MR study regarding the
outcome type 2 diabetes are in line with results reported
by Doherty et al'® In that study, the MR analysis on the
causal association between moderate accelerometer
measured PA and diabetes in UK Biobank participants
who were not in the accelerometer discovery dataset
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resulted in an OR for diabetes of 0.86 (p=0.079), indi-
cating no causal effect.

Strengths and limitations

Contrary to observational studies and RCTs for PA, the
major advantage of our study is the use of MR, which
has the ability to reflect lifelong exposure to a causal
factor that might differ from self-reported PA habits or
PA interventions for shorter time periods later in life.
A further advantage of our study is the two-sample MR
study design, diminishing unobserved confounding and
reverse causality. The very large sample size (almost 900
000 individuals in the type 2 diabetes outcome study,
almost 500 000 individuals for PA) provided the power
to detect effect sizes previously reported in observational
studies and to perform multiple sensitivity analyses for
testing the validity of the MR assumptions, thus mini-
mizing the possibility of biased results. Our study also has
limitations. Because only data from European popula-
tions was used, our findings may differ in other ethnic-
ities. The outcome type 2 diabetes may be affected by a
degree of misclassification because case ascertainment in
the studies included in the DIAGRAM Consortium was
not carried out according to certain specifications and
thus a broad spectrum of type 2 diabetes cases (those with
or without complications, different disease durations and
so on) was included. The appeal of accelerometers to
objectively monitor PA is their ability to quantify ambula-
tory activity during walking, jogging and so on. However,
accelerometers are not without limitations. The disadvan-
tages of accelerometers are their difficulties to measure
posture and sedentary, light activites and non-ambulatory
activites (cycling and weightlifting), and for estimating
energy expenditure.” Furthermore, awareness that PA is
being monitored might influence habitual behavior.”’

CONCLUSIONS

In summary, the present two-sample MR study found
no evidence of a causal association between genetically
determined objectively measured PA and SB with the risk
of type 2 diabetes and glycemic traits. There is no ques-
tion that PA has a positive impact on health, but it seems
that the complex interplay of the numerous metabolic
effects and multiple biological mechanisms mediating
the beneficial role of PA on disease development’ are
not fully understood so far. Further studies are necessary
to deepen our understanding of the biological pathways
of PA.
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Table 1 Exposure IV-association

SNP Chr  Pos (hg38) EA i EAF BETA SE P-value R F
Average accelerometer-based physical activity
rs34517439 1 77984833 C A 0.879 0.308 0.056 4.4x10°  0.00033  29.972
rs336605 3 18614858 G T  0.276 0.222 0.041 45x10®  0.00033  29.913
rs10067451 5 88646688 G A  0.887 0.326 0.058 25x10°  0.00034  31.077
rs7084454 10 21532345 G A 0.676 0.222 0.039 1.0x10®  0.00036  32.753
rs148193266 11 104657953 A C  0.957 -0.510 0.092 3.1x10®  0.00034  30.670
rs79724577 17 45386127 A C 0.818 -0.276  0.047 4.6x10°  0.00038  34.369
rs1518139 18 43171267 G T  0.662 -0.226  0.039 45ex10°  0.00038  34.415
accelerometer-based physical activity>425mg
rs17006599 1 219763423 A G  0.800 0.027 0.005 1.0x107  0.00031 28.350
rs6433478 2 174376754 T C  0.457 -0.024 0.004 1.2x10%  0.00036  32.465
rs62443625 7 39013531 T C 0.767 -0.026 0.005 1.4x107  0.00031 27.683
rs72633364 8 34329370 G A 0.711 -0.023 0.005 41x107  0.00028  25.635
rs4754194 11 107219461 C T  0.773 -0.025 0.005 2.4x107  0.00029  26.642
rs743580 15 74035775 A G 0510 0.025 0.004 1.3x10°  0.00041 36.764
rs56194509 17 45767193 T G 0.780 -0.025 0.005 3.9x107 0.00028  25.743
rs1668835 18 24898988 T A  0.688 -0.023 0.004 3.1x107  0.00029  26.184
Sedentary behaviour (MET <1.5)
rs61776614 1 2234967 C T  0.925 0.050 0.009 3.9x10°  0.00033  30.182
rs6801032 3 68455263 A G  0.261 0.031 0.005 5.6x10°  0.00037  33.953
rs153685 5 88685213 C T  0.381 0.028 0.005 6.5x10°  0.00037  33.680
rs27853 5 107482386 C G  0.520 0.027 0.005 1.3x10%  0.00035  32.323
rs6870096 5 152566250 C G 0.321 -0.028 0.005 2.4x10®  0.00034  31.149
rs73143219 7 72221624 C T  0.554 0.027 0.005 9.6x10° 0.00036  32.917
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Table 2 Association of genome wide significant SNPs used as

accelerometer- average accelerations with T2D and glycemic traits

instruments for

SNP Chr  Pos(hg38) EA OA Noutcome EAF BETA SE P-value
Type 2 diabetes
rs34517439 1 77984833 C A 898130 0.880 0.013 0.010 0.2000
rs336605 3 18614858 G T 898130 0.280  -0.026 0.007 0.0003
rs10067451 5 88646688 G A 898130 0.890 0.035 0.010 0.0008
rs7084454 10 21532345 G A 898130 0.680 0.002 0.007 0.7700
rs148193266 11 104657953 A C 898130 0.960  -0.006 0.016 0.7000
rs79724577 17 45386127 A C 898130 0.820 -0.019 0.008 0.0250
rs1518139 18 43171267 G T 898130 0.660 0.023 0.007 0.0008
HbA1c
rs336605 3 18614858 G T 123665 0.274 0.001 0.002 0.5419
rs10067451 5 88646688 G A 123665 0.917 0.001 0.003 0.6993
rs7084454 10 21532345 G A 123665 0.742 0.004 0.002 0.0665
rs79724577 17 45386127 A C 123665 0.841 0.002 0.002 0.3589
rs1518139 18 43171267 G T 123665 0.642 0.002 0.002 0.4209
Fasting glucose
rs336605 3 18614858 G T 58074 0.726 0.001 0.004 0.8112
rs10067451 5 88646688 G A 58074 0.917  -0.002 0.006 0.7182
rs7084454 10 21532345 G A 58074 0.742 0.003 0.004 0.4152
rs79724577 17 45386127 A C 58074 0.841 0.005 0.005 0.2922
rs1518139 18 43171267 G T 58074 0.642 0.000 0.004 0.9150
HOMA-B
rs336605 3 18614858 G T 36466 0.726  -0.002 0.004 0.5782
rs10067451 5 88646688 G A 36466 0.917 0.009 0.006 0.1391
rs7084454 10 21532345 G A 36466 0.742  -0.005 0.004 0.1411
rs79724577 17 45386127 A C 36466 0.841 -0.006 0.005 0.2410
rs1518139 18 43171267 G T 36466 0.642 0.004 0.003 0.3031
HOMA-IR
rs336605 3 18614858 G T 37037 0.726  -0.004 0.004 0.4127
rs10067451 5 88646688 G A 37037 0.917 0.010 0.007 0.1499
rs7084454 10 21532345 G A 37037 0.742 0.000 0.004 0.9406
rs79724577 17 45386127 A C 37037 0.841 -0.001 0.006 0.8197
rs1518139 18 43171267 G T 37037 0.642 0.004 0.004 0.3116

EA, effect allele. OA, other allele. EAF, effect allele frequency. SE, standard error
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Supplementary Table 3 Association of genome wide significant SNPs used as instruments
for accelerometer-based vigorous physical activity (>425 mg) with T2D and glycemic traits

SNP Chr Pos(hg38) EA OA Noutcome EAF BETA SE P-value
Type 2 diabetes
rs17006599 1 219763423 A G 898130 0.790 0.012 0.008 0.1400
rs6433478 2 174376754 T C 898130 0.470 0.017 0.006 0.0087
rs62443625 7 39013531 T C 898130 0.770 0.010 0.008 0.1900
rs72633364 8 34329370 G A 898130 0.710  -0.003 0.008 0.6600
rs4754194 11 107219461 C T 898130 0.770 0.009 0.008 0.2500
rs743580 15 74035775 A G 898130 0.500 -0.022 0.006 0.0006
rs56194509 17 45767193 T G 898130 0.790 -0.018 0.008 0.0210
rs1668835 18 24898988 T A 898130 0.680  -0.002 0.007 0.8200
HbA1c
rs17006599 1 219763423 A G 123665 0.779 0.001 0.002 0.5499
rs62443625 7 39013531 T C 123665 0.758  -0.001 0.002 0.7475
rs4754194 11 107219461 C T 123665 0.757 0.003 0.002 0.1764
rs743580 15 74035775 A G 123665 0.518 0.001 0.002 0.5761
rs56194509 17 45767193 T G 123665 0.800 0.003 0.002 0.1677
rs1668835 18 24898988 T A 123665 0.678 0.000 0.002 0.9190
Fasting glucose
rs17006599 1 219763423 A G 58074 0.221 0.002 0.004 0.7401
rs62443625 7 39013531 T C 58074 0.758 0.000 0.004 0.9649
rs4754194 11 107219461 C T 58074 0.757 0.007 0.004 0.1327
rs743580 15 74035775 A G 58074 0.518 0.002 0.006 0.7489
rs56194509 17 45767193 T G 58074 0.800 -0.004 0.005 0.4420
rs1668835 18 24898988 T A 58074 0.678  -0.009 0.004 0.0237
HOMA-B
rs17006599 1 219763423 A G 36466 0.221 0.005 0.004 0.1988
rs62443625 7 39013531 T C 36466 0.758 0.000 0.004 0.9770
rs4754194 11 107219461 C T 36466 0.757 0.000 0.004 0.9334
rs743580 15 74035775 A G 36466 0.518  -0.002 0.006 0.8207
rs56194509 17 45767193 T G 36466 0.800 0.005 0.004 0.2880
rs1668835 18 24898988 T A 36466 0.678  -0.007 0.004 0.0473
HOMA-IR
rs17006599 1 219763423 A G 37037 0.221 0.004 0.005 0.3873
rs62443625 7 39013531 T C 37037 0.758 0.002 0.005 0.6537
rs4754194 11 107219461 C T 37037 0.757 0.002 0.005 0.7261
rs743580 15 74035775 A G 37037 0.518  -0.002 0.007 0.7670
rs56194509 17 45767193 T G 37037 0.800 0.001 0.005 0.8908
rs1668835 18 24898988 T A 37037 0.678  -0.013 0.004 0.0016

EA, effect allele. OA, other allele.

EAF, effect allele frequency. SE, standard error.
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Table 4 Association of genome wide significant SNPs used as instruments for sedentary
behavior with T2D and glycemic traits

SNP Chr Pos (hg38) EA OA Noutcome EAF BETA SE P-value
Type 2 diabetes
rs61776614 1 2234967 C T 898130 0.921 0.008 0.013 0.5400
rs6801032 3 68455263 A G 898130 0.260  -0.007 0.007 0.3700
rs153685 5 88685213 C T 898130 0.380  -0.008 0.007 0.2300
rs27853 5 107482386 C G 898130 0.520 0.007 0.006 0.2600
rs6870096 5 152566250 C G 898130 0.320  -0.003 0.007 0.6700
rs73143219 7 72221624 C T 898130 0.560  -0.012 0.006 0.0670
HbA1c
rs6801032 3 68455263 A G 123665 0.150 0.001 0.002 0.5623
rs153685 5 88685213 C T 123665 0.376  -0.003 0.002 0.1547
rs27853 5 107482386 C G 123665 0.500 0.002 0.004 0.5438
rs6870096 5 152566250 C G 123665 0.292 0.001 0.004 0.7541
rs73143219 7 72221624 C T 123665 0.544 0.002 0.002 0.1555
Fasting glucose
rs6801032 3 68455263 A G 58074 0.150  -0.003 0.004 0.5507
rs153685 5 88685213 C T 58074 0.624 0.002 0.004 0.5560
rs27853 5 107482386 C G 58074 0.518 0.001 0.004 0.8684
rs73143219 7 72221624 C T 58074 0.544 0.001 0.004 0.7500
HOMA-B
rs6801032 3 68455263 A G 36466 0.150  -0.009 0.004 0.0310
rs153685 5 88685213 C T 36466 0.624 0.004 0.004 0.3154
rs27853 5 107482386 C G 36466 0.518  -0.001 0.003 0.8210
rs73143219 7 72221624 C T 36466 0.544 0.004 0.003 0.2640
HOMA-IR
rs6801032 3 68455263 A G 37037 0.150  -0.011 0.005 0.0240
rs153685 5 88685213 C T 37037 0.624 0.003 0.004 0.4684
rs27853 5 107482386 C G 37037 0.518  -0.001 0.004 0.8293
rs73143219 7 72221624 C T 37037 0.544 0.008 0.004 0.0384

EA, effect allele. OA, other allele. E

>

F, effect allele frequency. SE, standard error
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Supplementary Table 5 Evidence of association (p<5*10-8) of the SNPs used as genetic
instruments from the GWAS by Klimentidis et al. for Mendelian randomization analyses of
accelerometer-based physical activity and the GWAS by Doherty et al. for analyses of

sedentary behavior with confounders (smoking) in PhenoScanner

SNP Chr Position Trait Excluded from
(hg38) sensitivity
analysis
Average
accelerations
rs34517439 1 77984833 None No
rs336605 3 18614858 Body fat %, whole body fat mass, | No
Trunk fat mass
Trunk fat free mass, trunk predicted | No
rs10067451 5 88646688 mass, arm fat free mass right and left
Waist circumference, body fat %, hip | No
circumference, trunk fat mass, leg and
rs7084454 10 21532345 arm fat mass left and right, weight,
trunk fat mass
rs148193266 | 11 104657953 None No
rs79724577 | 17 45386127 None No
Body fat %, waist circumference, BMI, | No
rs1518139 18 43171267 leg and arm fat mass left and right,
trunk fat mass, weight
SNP Chr Position Trait Excluded from
(hg38) sensitivity
analysis
Vigorous
activity (>425
mg)
rs17006599 | 1 219763423 None No
rs6433478 2 174376754 None No
rs62443625 |7 39013531 Body fat %, trunk fat %, Arm fat % left | No
rs72633364 | 8 34329370 None No
rs4754194 11 107219461 None No
rs743580 15 74035775 BMI, leg fat % left No
rs56194509 | 17 45767193 none No
rs1668835 18 24898988 none No
SNP Chr Position Trait Excluded from
(hg38) sensitivity
analysis
Sedentary
behavior
rs61776614 1 2234967 None No
rs6801032 3 68455263 None No
rs153685 5 88685213 None No
rs27853 5 107482386 None No
rs6870096 5 152566250 None No
rs73143219 7 72221624 None No

Abbreviations: Chr, chromosome; SNP, single nucleotide polymorphism
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Supplementary Table 6 Power-calculation

Power-calculation — accelerometer-based average accelerations physical activity

trait Ncases’ Neontrols OR=0.9 OR=0.85 OR=0.8 OR=0.75 OR=0.7
T2D 74,124/ 824,006 0.258 0.525 0.793 0.947 0.993
trait N B=-015 Pp==0.2 B=-025 B=-03 B =-0.5
HbA1C 123,665 1.000 1.000 1.000 1.000 1.000
fasting glucose 58,074 1.000 1.000 1.000 1.000 1.000
HOMA-B 36,466 0.194 0.307 0.441 0.582 0.944
HOMA-IR 36,466 0.194 0.307 0.441 0.582 0.944
Power- calculation — accelerometer-based vigorous physical activity (>425 mq)
trait Neases/ Neontrols OR=0.9 OR=0.85 OR=0.8 OR=0.75 OR=0.7
T2D 74,124/ 824,006 0.265 0.538 0.806 0.953 0.995
trait N B=-0.15 PB-0.2 B=-025 B=-03 B =-05
HbA1C 123,665 0.053 0.056 0.059 0.063 0.086
fasting glucose 58,074 0.052 0.053 0.054 0.056 0.068
HOMA-B 36,466 0.050 0.050 0.050 0.050 0.050
HOMA-IR 36,466 0.050 0.050 0.050 0.050 0.050
Power- calculation — sedentary behavior
trait Niases’ Neontrols OR=1.1 OR=1.15 OR=1.2 OR=1.25 OR=1.3
T2D 74,124/ 824,006 0.197 0.368 0.562 0.736 0.861
trait N B =0.15 B=02 B=025 PB=03 PB=05
HbA1C 123,665 1.000 1.000 1.000 1.000 1.000
fasting glucose 58,074 1.000 1.000 1.000 1.000 1.000
HOMA-B 36,466 0.158 0.245 0.352 0.472 0.873
HOMA-IR 36,466 0.158 0.245 0.352 0.472 0.873

Power calculation binary trait (Burgess PMID=24608958) continuous trait (Deng

PMID=32048336)
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Supplementary Table 7 Between SNP-heterogeneity

accelerometer-based average accelerations

outcome Q df P-value
T2D 44726 6 5.3x10-8
HbA1C 5.114 4 0.2758
fasting glucose 1.998 4 0.7361
HOMA-B 6.995 4 0.1362
HOMA-IR 3.739 4 0.4425

accelerometer-based vigorous physical activity (>425 mg)

outcome Q df P-value
T2D 26.752 7 0.0004
HbA1C 4135 5 0.5302
fasting glucose 7.435 5 0.1903
HOMA-B 5.681 5 0.3385
HOMA-IR 9.131 5 0.1040
sedentary behavior ( MET <1.5)

outcome Q df P-value
T2D 4.428 4 0.3512

HbA1C 4.240 3 0.2366

fasting glucose 0.786 2 0.6751

HOMA-B 6.871 2 0.0322

HOMA-IR 10.151 2 0.0062

df: degree of freedom
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Supplementary Table 8 Leave-one-out — accelerometer-based average accelerations

SNP Noutoome OR/ beta 95% Cl P-value
type 2 diabetes
rs10067451 898130 0.984 0.925; 1.047 0.6149
rs148193266 898130 1.000 0.929;1.077 0.9907
rs1518139 898130 1.022 0.961; 1.086 0.4966
rs336605 898130 1.021 0.963; 1.083 0.4791
rs34517439 898130 0.996 0.927;1.071 0.9157
rs7084454 898130 1.001 0.929; 1.078 0.9807
rs79724577 898130 0.991 0.924;1.062 0.7958
HbA1c
rs10067451 123665 0.001 -0.010; 0.012 0.8815
rs1518139 123665 0.003 -0.006; 0.013 0.4928
rs336605 123665 0.000 -0.010; 0.011 0.9476
rs7084454 123665 -0.002 -0.010; 0.006 0.6524
rs79724577 123665 0.004 -0.005; 0.014 0.3932
fasting glucose
rs10067451 58074 0.000 -0.017; 0.018 0.9585
rs1518139 58074 -0.002 -0.019; 0.016 0.8609
rs336605 58074 -0.002 -0.020; 0.015 0.8070
rs7084454 58074 -0.005 -0.022; 0.013 0.5958
rs79724577 58074 0.004 -0.014; 0.021 0.6769
HOMA-B
rs10067451 36466 -0.008 -0.026; 0.010 0.3677
rs1518139 36466 0.002 -0.022; 0.025 0.8800
rs336605 36466 -0.001 -0.025; 0.024 0.9613
rs7084454 36466 0.003 -0.017; 0.024 0.7547
rs79724577 36466 -0.007 -0.028; 0.013 0.4858
HOMA-IR

rs10067451 37037 -0.008 -0.027; 0.011 0.3979
rs1518139 37037 0.004 -0.016; 0.023 0.7213
rs336605 37037 0.002 -0.017; 0.022 0.8215
rs7084454 37037 -0.001 -0.023; 0.020 0.8956
rs79724577 37037 -0.003 -0.024; 0.018 0.7868
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Supplementary Table 9 Leave-one-out — accelerometer-based vigorous physical activity

(>425 mq)
SNP Noutcome ~ OR/ beta 95% Cl P-value
Type 2 diabetes
rs1668835 898130 0.803 0.515; 1.254 0.3355
rs17006599 898130 0.760 0.506; 1.141 0.1860
rs4754194 898130 0.849 0.542; 1.332 0.4769
rs56194509 898130 0.748 0.519; 1.079 0.1206
rs62443625 898130 0.856 0.546; 1.340 0.4960
rs6433478 898130 0.910 0.598; 1.382 0.6569
rs72633364 898130 0.801 0.516; 1.242 0.3215
rs743580 898130 0.954 0.654; 1.391 0.8072
HbA1c
rs1668835 123665 -0.019 -0.093; 0.055 0.6104
rs17006599 123665 -0.032 -0.106; 0.042 0.3972
rs4754194 123665 0.002 -0.072; 0.075 0.9678
rs56194509 123665 0.001 -0.072; 0.074 0.9814
rs62443625 123665 -0.026 -0.099; 0.047 0.4839
rs743580 123665 -0.031 -0.106; 0.043 0.4070
Fasting glucose
rs1668835 58074 -0.007 -0.166; 0.151 0.9277
rs17006599 58074 0.067 -0.152; 0.287 0.5490
rs4754194 58074 0.133 -0.025; 0.290 0.0983
rs56194509 58074 0.050 -0.161; 0.260 0.6443
rs62443625 58074 0.083 -0.132; 0.298 0.4516
rs743580 58074 0.063 -0.141; 0.267 0.5459
HOMA-B
rs1668835 36466 0.014 -0.133; 0.160 0.8548
rs17006599 36466 0.036 -0.128; 0.201 0.6632
rs4754194 36466 0.079 -0.090; 0.249 0.3598
rs56194509 36466 0.112 -0.030; 0.254 0.1234
rs62443625 36466 0.089 -0.083; 0.261 0.3115
rs743580 36466 0.078 -0.080; 0.237 0.3331
HOMA-IR
rs1668835 37037 -0.009 -0.184; 0.167 0.9235
rs17006599 37037 0.089 -0.178; 0.356 0.5124
rs4754194 37037 0.135 -0.112; 0.383 0.2845
rs56194509 37037 0.126 -0.127;0.378 0.3299
rs62443625 37037 0.147 -0.101; 0.395 0.2441
rs743580 37037 0.119 -0.123; 0.362 0.3352
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Supplementary Table 10 Leave-one-out — sedentary behavior (MET <1.5)

SNP Noutcome OR/ beta 95% Cl P-value
Type 2 diabetes
rs153685 898130 0.892 0.675;1.179 0.4213
rs61776614 898130 0.806 0.638; 1.019 0.0719
rs6801032 898130 0.875 0.656; 1.168 0.3662
rs6870096 898130 0.809 0.636; 1.030 0.0850
rs73143219 898130 0.931 0.732;1.183 0.5564
HbA1c
rs153685 123665 0.054 -0.034; 0.143 0.2266
rs6801032 123665 -0.003 -0.130; 0.124 0.9686
rs6870096 123665 0.015 -0.096; 0.126 0.7919
rs73143219 123665 -0.029 -0.120; 0.062 0.5300
Fasting glucose
rs153685 58074 -0.019 -0.211;0.173 0.8462
rs6801032 58074 0.063 -0.128; 0.255 0.5187
rs73143219 58074 -0.001 -0.194; 0.192 0.9926
HOMA-B
rs153685 36466 -0.063 -0.475; 0.348 0.7625
rs6801032 36466 0.133 -0.041; 0.307 0.1344
rs73143219 36466 -0.069 -0.464; 0.326 0.7315
HOMA-IR

rs153685 37037 -0.022 -0.677; 0.633 0.9466
rs6801032 37037 0.209 0.000; 0.419 0.0498
rs73143219 37037 -0.119 -0.576; 0.338 0.6106

11

Meisinger C, et al. BMJ Open Diab Res Care 2020; 8:e001896. doi: 10.1136/bmjdrc-2020-001896



BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open Diab Res Care

12

Supplementary Table 11 MR-Egger Test on Intercept

accelerometer-based average accelerations

outcome intercept std. error P-value
T2D -0.0513 0.0327 0.1775
HbA1C 0.0046 0.0087 0.6327
fasting glucose 0.01450 0.0140 0.3777
HOMA-B -0.0329 0.0131 0.0870
HOMA-IR -0.0273 0.0156 0.1778

accelerometer-based vigorous PA (>425 mg)

outcome intercept std. error P-value
T2D -0.0538 0.0981 0.6030
HbA1C -0.0051 0.0163 0.7696
fasting glucose  0.0529 0.0347 0.2016
HOMA-B 0.0224 0.0322 0.5258
HOMA-IR 0.0683 0.0396 0.1598

sedentary behavior (MET <1.5)

outcome intercept std. error P-value
T2D -0.0245 0.0183 0.2716
HbA1C 0.0031 0.0283 0.9239
fasting glucose  0.0305 0.0402 0.5870
HOMA-B 0.0933 0.0372 0.2417
HOMA-IR 0.1408 0.0442 0.1937
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