
Am J Transl Res 2026;18(1):265-276
www.ajtr.org /ISSN:1943-8141/AJTR0170131

https://doi.org/10.62347/VVAT2613

Original Article
The association between  
cardiovascular health, measured using  
Life’s Essential 8, and obstructive sleep apnea:  
a cross-sectional and Mendelian randomization study

Hong Zhai1*, Zhouyan Lin1*, Minshu Ao1*, Can Wang1, Qingxuan Fan1, Ziyan Yu2, Feng Wen2, Binxuan Zhang2, 
Min Qian2, Wei Zhang1*, Yuchao Dong1*, Meng Guo2*, Chong Bai1*

1Department of Respiratory and Critical Care Medicine, The First Affiliated Hospital of Naval Medical University, 
Shanghai, China; 2National Key Laboratory of Immunity and Inflammation & Institute of Immunology, Navy Medical 
University, Shanghai, China. *Equal contributors.

Received November 20, 2025; Accepted December 6, 2025; Epub January 15, 2026; Published January 30, 
2026

Abstract: Background: Cardiovascular health (CVH), operationalized using the Life’s Essential 8 (LE8) construct, 
has been linked to a myriad of health outcomes. Although there is a link between CVH and Obstructive Sleep Apnea 
(OSA), which has become a significant public health issue, a thorough investigation of this relationships has not 
been undertaken. Methods: This study investigates the association between CVH, quantified according to the LE8 
construct, and OSA using data from the National Health and Nutrition Examination Survey (NHANES). Based on 
data from the NHANES (2005-2008, 2015-2018), this study consisted of 9,350 adults aged 20-79 years. Logistic 
regression analysis is utilized to determine the association between LE8 scores and OSA. Two-sample Mendelian 
randomization (MR) is used to investigate the causal relationship between CVH and OSA with the inverse-variance 
weight (IVW) method being the primary source of analysis. Results: The connection between CVH and OSA risk was 
affirmed, with individuals who had better CVH (high LE8 vs. low LE8), being at significantly lower risk for OSA than 
those with worse CVH (Odds Ratio [OR]: 0.23, 95% confidence interval [CI]: 0.18-0.30). Additionally, patients with 
higher LE8 scores experienced a decreased risk of OSA in a manner that was dose-dependent. The MR analysis 
also provided evidence of a positive correlation between BMI (genetically determined) and increased risk for OSA 
(OR for 1 Standard Deviation [SD] increase = 2, 95% CI: 1.81-2.21). Additionally, individuals who smoked less and 
exercised more showed decreased risk of OSA with respect to smoking (OR = 0.5, 95% CI: 0.32-0.79) and exercise 
(OR = 0.73, 95% CI: 0.54-0.99). Conclusions: This study highlights the importance of keeping CVH in good shape 
(as measured by the LE8 score) to lower the risk of developing OSA.
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Introduction

There are many ways to identify obstructive 
sleep apnea (OSA) which is complex in nature, 
yet a highly common condition, where a person 
will have repeated interruptions in their breath-
ing or shallow breathing while they sleep [1, 2]. 
OSA can be diagnosed using multiple techni- 
ques and may be associated with a number  
of different cardiovascular diseases (CVD) [3]. 
Studies have shown that many people with OSA 
go undiagnosed, even though it affects a large 
number of people [4]. Approximately 13%-33% 

of adult men and approximately 6%-19% of 
adult women within the United States have OSA 
[5-7], which represents almost 1 billion people 
around the world [8]. Society also incurs signifi-
cant costs associated with OSA, beginning from 
the time before an individual is diagnosed with 
OSA when they will lose out on potential earn-
ings, to the time after they have been success-
fully treated for OSA. This is indicative of the 
need for improved awareness and early detec-
tion of OSA, as well as more effective manage-
ment practices for improved health and reduced 
healthcare costs associated with OSA [9].
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There is strong evidence that OSA is an inde-
pendent risk factor for hypertension [10], dia-
betes mellitus [11], and CVD [3]. In 2010, Life’s 
Simple 7 (LS7) [12] introduced by the American 
Heart Association (AHA) identified seven im- 
portant factors affecting heart health: Diet, 
Smoking, Body Weight (BMI), Physical Activity, 
Blood Pressure, Fasting Blood Sugar [13, 14] 
and Cholesterol Levels. Some of these factors, 
including Blood Pressure, Fasting Blood Glu- 
cose [15] and BMI [16], have a two-way rela-
tionship with OSA, demonstrating that the 
impact of one condition can affect another and 
vice versa. Subsequent studies have demon-
strated the presence of a strong association 
between OSA and LS7 scores [17]. In 2022, the 
AHA expanded upon LS7 with Life’s Essential 8 
(LE8) [1] to promote further improvement in 
heart health. The higher one’s LE8 scores, the 
better the health outcomes (e.g., Reduced CVD 
Rates, Reduced Rates of Other Major Illnesses, 
Reduced Rates of Total Mortality) [18-20]. Gi- 
ven the close link between OSA and cardiovas-
cular health, strategies that improve compo-
nents of the LE8 construct may play an im- 
portant role in reducing OSA risk. However,  
the connection between LE8 scores and OSA 
needs to be thoroughly researched, which pro-
vides an opportunity for future study.

In the current research, we examined substan-
tial datasets from the National Health and 
Nutrition Examination Surveys (NHANES) and 
Genome-Wide Association Studies (GWAS) per-
formed by the United Kingdom Biobank (UKB). 
A primary focus was assessing how LE8 score 
levels at baseline (based on health behaviours 
and health risk factors, etc.) relate to the devel-
opment of OSA. We also examined both linear 
and nonlinear associations of LE8 score levels 
with the incidence of OSA. Finally, we employ- 
ed Mendelian Randomization (MR) to establish 
a cause-and-effect relationship between LE8 
score levels and the development of OSA.

Method and materials

Study design and population in NHANES

For this investigation we utilized data from the 
National Health and NHANES, collected by the 
Centers for Disease Control and Prevention 
(CDC) and National Center for Health Statistics 
(NCHS) for the years 2005-2008 and 2015-
2018. The NHANES methodology is based on a 

stratified, multistage method of sampling a  
representative population of the United States 
who are not currently institutionalized. In order 
to ensure that we provided a complete and 
comprehensive account of our research, we  
followed the Strengthening of Reporting of 
Observational Studies in Epidemiology (STRO- 
BE) guiding principles.

Adults aged 20 years or older were included 
from the NHANNES surveys (2005-2008 and 
20152018). Our inclusion criteria were pur-
posely broad to include as many people as  
possible. We excluded a large number of par-
ticipants for a variety of reasons. For example, 
participants who were missing demographic 
information (age, gender, race/ethnic group, 
poverty income ratio (PIR), pregnant women 
(n=518), did not have data on Obstructive 
Sleep Apnea (2,047 individuals), missing LE8 
data (7,408), and missing CVD data (2 individu-
als), etc. Exclusions a total of 30,372 individu-
als, providing us with 9,350 subjects for the 
analysis (Figure 1). This was done in order to 
have a quality dataset to work from.

Measurement of LE8 in HNANES

In this study, we measured LE8 based on the 
American Heart Association’s Presidential Ad- 
visory guidelines [2], as shown in Table S1. The 
LE8 construct is used to operationalize cardio-
vascular health according to AHA guidance by 
considering four health behaviors - diet, physi-
cal activity, tobacco use, and sleep - and four 
health factors - BMI, non-HDL cholesterol, 
blood glucose, and blood pressure. Each of 
these indicators is scored from 0 to 100, with 
higher scores meaning better health [1]. To cal-
culate the total LE8 score for an individual, we 
take the mean of the eight component scores; 
therefore, an individual can have a total LE8 
score that has both a continuous and categori-
cal value associated with it based on the AHA-
defined cut-off values of 50 and 79 to deter-
mine CVH categories of low, moderate, or high 
CVH results based on the mean scoring of all 
eight components [1]. As an example, for 
assessing diet we used the 2015 Healthy Ea- 
ting Index (HEI) [21], with scoring information  
in Table S2, and blood glucose control was 
assessed via glycated hemoglobin (HbA1c) lev-
els as part of the LE8 score assessment pro- 
cess.
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Measurements and definition of OSA in 
NHANES

This research was conducted using NHANES 
data, with the objective of clarifying what we 
meant by OSA and diagnosing it accurately. We 
determined whether or not individuals were 
diagnosed with OSA based on their answers to 
three distinct questions concerning common 
symptoms associated with OSA [22]. OSA was 
defined as meeting any of the following crite- 
ria: (1) Frequency of snoring - occurs at least 3 
times per week; (2) Witnessed apneas - hap-
pening at least 3 times per week; (3) Excessive 
daytime sleepiness - experienced 16-30 times 
per month, when getting an average of 7 hours 
or more of sleep every night during the week 
and/or while working.

Mendelian randomization

Our analysis of the interplay of modifiable risk 
factors in Life’s Essential 8 with OSA involved 
performing an extensive two-sample MR analy-
sis [23]. Using SNPs as instruments and an- 
alyzing both genetic and environmental infor-
mation, we tested the risk factors with the 
appropriate SNPs [24]. We established that  
our results were robust by following the three 

for Genomics and Health. This database in- 
cludes a total of 217,955 people, with 16,761 
OSA cases and 201,194 controls, for an avail-
able set of 16,380,465 SNPs for analysis. The 
diagnosis of OSA was made using ICD-10 code 
G47.3 and ICD-9 code 3472A and based on 
clinical diagnosis of symptoms and additionally 
confirmed using clinical exams and polysom-
nography [25].

Statistical analysis in a cross-sectional study

Using sample weights, clustering and stra- 
tification allowed us to make sure that our esti-
mates were representative of the total U.S. 
population based on the complicated sampling 
designs used in NHANES. Categorical data pre-
sented as weighted percentages and continu-
ous data presented as averages, with 95% CIs 
providing an indicator of the accuracy of our 
results. To compare the characteristics of 
NHANES participants, we used Rao-Scott chi-
square testing and linear regression analysis 
without adjustment to provide a complete pic-
ture of the demographic and clinical factors 
related to CVH and to calculate unadjusted 
rates of CVH categories based on the overall 
population.

Figure 1. Selection of participants in the study. OSA, obstructive sleep ap-
nea; NHANES, national health and nutrition examination survey; CVD, car-
diovascular disease.

assumptions of MR: (1) SNPs 
must strongly associate with 
the risk factors, (2) SNPs must 
not be confounded by any ex- 
ternal issues that would alter 
the exposure-outcome rela-
tionship, and (3) all manipula-
tions from SNPs. We used 
selected genetic variants as 
instruments to perform our 
analyses, as previously perfor- 
med by UKB, for this study.

Detailed descriptions of how 
these genetic instruments we- 
re created and applied can be 
reviewed in the Supplementary 
Information sections with com-
plete lists shown in Tables S3, 
S4, S5, S6, S7, S8, S9, S10. 
The GWAS on which our analy-
ses were based on OSA was 
obtained from the Finnish Na- 
tional Genome Project (Finn- 
Gen), following protocols esta- 
blished by the Global Alliance 
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Using survey weighted logistic regression mo- 
dels allowed us to evaluate the relationship 
between OSA and LE8 Scores. Models 1-3 pro-
vide different levels of adjustment based on 
multiple covariates; Age, Gender, Race & 
Ethnicity in Model 1; Socioeconomic Variables 
(Poverty Ratio, Education and Marital Status) in 
Model 2; CVD and Obesity in Model 3. In addi-
tion, restricted cubic splines helped determine 
possible non-linear relationships between LE8 
scores (and their individual components) and 
OSA, and we conducted likelihood ratio tests to 
evaluate those relationships for non-linearity.

Also notable is that we performed subgroup 
analyses concerning demographic characteris-
tics of each study participant to assess if CVH 
has different effects on OSA in each of these 
subgroups, including exploration of interaction 
terms to assess how these groups interact col-
lectively. Statistical tests were conducted bilat-
erally (two-sided) and were computed using R 
software, Version 4.2.1. All statistical results 
were thought to be statistically significant when 
P values were less than 0.05.

Statistical analysis in Mendelian randomiza-
tion study

The main analysis was conducted using the 
IVW method with a random effects model to 
account for heterogeneity (or variances) am- 
ong genetic tools used in the analyses [26]. To 
strengthen the findings from the IVW analysis 
further, we also performed additional analysis 
using both MR-Egger and weighted median 
methods [27]. To check that our genetic instru-
ments were consistent, we tested for SNP vari-
ability using Cochran’s Q tests [28]. In addition 
to these methods, we further verified by ruling 
out the effect of directional pleiotropy from 
genetic instruments, we conducted an MR- 
Egger regression where we examined the inter-
cept value in order to assess potential con-
founding factors associated with genetic risk 
factors that might influence health through 
alternate pathways not assessed in this study. 
We utilized Cochran’s Q statistic to estimate 
the degree of heterogeneity in the IVW MR 
framework and defined a statistically signifi-
cant finding for each SNP to be any resultant 
Cochran’s Q statistic with a P value less than 
0.05.

Results

Baseline characteristics

The study sample consisted of 9,350 individu-
als aged 20 years and older who were separat-
ed by OSA status based on the demographic 
results presented in Table 1. The mean age of 
the participants was 47.75 years (Standard 
Error [SE]: 0.37), of which 52.11% were female 
(weighted percentage). The mean LE8 score 
across all participants was 67.81 (95% CI: 
67.39-68.23), with the percentage of CVH lev-
els classified as high being 34.84%, moderate 
being 50.48%, and low being 14.68%. App- 
roximately 29.1% of individuals in the sample 
were diagnosed with OSA, resulting in a total of 
2,993 participants with a diagnosis of OSA.

In comparing both groups together, we see that 
the individuals who had OSA were predomi-
nantly male, had a lower educational level than 
those without OSA, were more often in support-
ive relationships, and had a higher prevalence 
of cardiovascular disease and obesity when 
compared to those who did not suffer from 
OSA. However, despite these differences, there 
was no significant difference in physical activity 
between the two groups, as shown in Table 1.

Higher LE8 scores are associated with a lower 
prevalence of OSA

After adjusting for age, we found a clear nega-
tive relationship between OSA prevalence and 
CVH levels, as measured by the LE8 score. The 
results showed a big difference in OSA rates 
across the CVH categories: people with high 
CVH had a much lower OSA rate of 16.2% (95% 
CI: 14.6-17.8), compared to 31.1% (95% CI: 
29.8-32.4) in the moderate CVH group and 
48.4% (95% CI: 43.7-53.0) in the low CVH  
group (Figure 2).

Our analysis confirmed that people with better 
cardiovascular health (CVH) were much less 
likely to have OSA. Those with moderate CVH 
had an Odds Ratio (OR) of 0.52 (95% CI: 0.45-
0.63), and those with high CVH had an OR of 
0.23 (95% CI: 0.18-0.30), compared to people 
with low CVH (Table 2). When we looked at how 
the LE8 score impacted OSA, we found that for 
every 10-point increase in the LE8 score, the 
chances of having OSA went down significantly 
(OR: 0.72, 95% CI: 0.68-0.76), as shown in 
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Table 1. Baseline characteristics of the study population
Overall  

(n = 10300)
Non OSA  

(n = 7307) OSA (n = 2993) P value

Age, years 47.75±0.37 47.47±0.40 48.40±0.45 0.03
Age strata <0.0001
    20-39 3291 (34.21) 2469 (36.22) 822 (29.48)
    40-59 3449 (40.36) 2253 (37.62) 1196 (46.83)
    ≥60 3560 (25.43) 2585 (26.16) 975 (23.69)
sex <0.0001
    Female 5249 (52.11) 3900 (55.41) 1349 (44.30)
    Male 5051 (47.89) 3407 (44.59) 1644 (55.70)
Race/ethnicity 0.19
    Black 2056 (9.79) 1464 (9.81) 592 (9.74)
    White 4926 (72.87) 3470 (72.49) 1456 (73.79)
    Mexican 1738 (7.27) 1268 (7.62) 470 (6.44)
    Others 1580 (10.06) 1105 (10.08) 475 (10.03)
Poverty ratio 0.57
    <1.3 4101 (36.48) 2889 (36.27) 1212 (36.98)
    1.3-3.5 2818 (17.30) 2038 (17.58) 780 (16.65)
    >3.5 3381 (46.22) 2380 (46.15) 1001 (46.37)
Education levels <0.0001
    High school or less 4950 (38.44) 3488 (37.31) 1462 (41.12)
    Some college or associates degree 2952 (31.43) 2044 (30.85) 908 (32.77)
    College graduate or above 2398 (30.13) 1775 (31.84) 623 (26.10)
Marital status <0.0001
    Coupled 7886 (80.28) 5472 (78.58) 2414 (84.31)
    Single or separated 2414 (19.72) 1835 (21.42) 579 (15.69)
LE8 scores (out of 100 possible points) 67.81±0.42 69.71±0.41 63.31±0.51 <0.0001
HEI-2015 diet score 38.96±0.81 40.06±0.86 36.35±0.86 <0.0001
Physical activity score 68.74±0.79 69.39±0.92 67.18±1.17 0.11
Nicotine exposure score 70.16±0.79 72.25±0.80 65.23±1.14 <0.0001
Sleep health score 84.02±0.46 85.57±0.44 80.35±0.76 <0.0001
Body mass index score 61.25±0.66 66.13±0.66 49.72±0.91 <0.0001
Blood lipids score 63.49±0.37 64.98±0.44 59.99±0.68 <0.0001
Blood glucose score 86.91±0.40 88.34±0.44 83.54±0.62 <0.0001
Blood pressure score 68.93±0.45 70.95±0.48 64.14±0.68 <0.0001
CVH <0.0001
    High 3162 (34.84) 2559 (40.01) 603 (22.61)
    Moderate 5319 (50.48) 3661 (47.92) 1658 (56.54)
    Low 1819 (14.68) 1087 (12.07) 732 (20.85)
Health behaviors score 65.47±0.59 66.82±0.59 62.28±0.74 <0.0001
Health factors score 70.15±0.33 72.60±0.34 64.35±0.44 <0.0001
CVD status <0.001
    No 9131 (91.71) 6547 (92.52) 2584 (89.79)
    Yes 1169 (8.29) 760 (7.48) 409 (10.21)
Obesity status <0.0001
    No 6425 (63.78) 4947 (69.85) 1478 (49.43)
    Yes 3875 (36.22) 2360 (30.15) 1515 (50.57)
Low CVH was defined as a LE8 score of 0 to 49, moderate CVH of 50-79, and high CVH of 80-100. LE8, Life’s Essential 8; CVH, 
Cardiovascular health; CVD, cardiovascular disease.
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Figure 2. Age-adjusted prevalence of OSA in different levels of Life’s Es-
sential 8 scores. Numbers at the top of the bars represent the weighted 
percentage. Bar whiskers represent the 95% confidence level. Low CVH was 
defined as a LE8 score of 0 to 49, moderate CVH of 50-79, and high CVH 
of 80-100.

Table 2. We also saw a clear pattern where bet-
ter CVH (higher LE8 scores) was linked to lower 
OSA rates, as shown in Figure 3A.

Higher health behavior scores are linked to 
reduced, but nonlinearly decreasing, OSA risk

After adjusting for age, we found that OSA rat- 
es were significantly lower in people with high 
health behavior scores (23.5%, 95% CI: 21.8-
25.3%) compared to those with moderate 
(29.0%, 95% CI: 27.5-30.5%) and low health 
behavior scores (36.8%, 95% CI: 33.9-39.6%), 
as shown in Figure 2. The statistical analysis 
supports the concept that improved health 
behaviour choices directly correlate with de- 
creased risk of developing OSA. Individuals with 
moderate and high health behaviour ratings 
were significantly less likely to have OSA than 
individuals with a poor health behaviour rating 
(OR: 0.73; 95% CI: 0.62-0.86 and OR: 0.59; 
95% CI: 0.48-0.72, respectively) (Table 2). 
Every increase of 10 points in health behavi- 
our rating was associated with a reduction in 
the chance of developing OSA. The odds of 
developing OSA decreased by 11% (OR: 0.89; 
95% CI: 0.86-0.93) for every increase of 10 
points in health behaviour rating (Table 2). We 
also found that the link between health be- 
havior scores and OSA risk isn’t linear (P for 

non-linearity <0.001) (Figure 
3B), meaning the risk of OSA 
drops less as health behavior 
scores go up.

Improved health factor scores 
are linked to a non-linearly 
decreasing risk of OSA

After adjusting for age, we  
saw a significant drop in OSA 
rates among people with high-
er health factor scores. Those 
with high health factors had  
an OSA rate of 19.2% (95%  
CI: 17.8-20.7), compared to 
33.0% (95% CI: 31.3-34.8) for 
those with moderate health 
factors and 44.2% (95% CI: 
40.6-47.8) for those with low 
health factors, as shown in 
Figure 2. After adjusting for 
other factors, we found that 
people with moderate and high 

health factor scores had much lower odds of 
having OSA - OR = 0.66 (95% CI: 0.56-0.78)  
and OR = 0.33 (95% CI: 0.28-0.38), respec- 
tively - compared to those with low health fac-
tors. Additionally, every 10-point increase in the 
health factor score was linked to a lower odds 
of having OSA (OR = 0.79, 95% CI: 0.76-0.81) 
(Table 2). We also found that the relationship 
between health factor scores and OSA risk 
wasn’t linear (non-linearity P = 0.002), meaning 
that as health factor scores improved, OSA risk 
kept dropping, but at a slower rate (Figure 3C).

Stronger LE8-OSA protective effect in younger 
and higher-educated groups. As shown in 
Figure 4, our subgroup analyses consistently 
found a negative relationship between the LE8 
score and the likelihood of having OSA across 
different groups. A key finding was that there 
were significant interaction effects between 
the LE8 score and age as well as education lev-
els in relation to OSA risk (interaction P < 0.05). 
Specifically, the link between higher LE8 scor- 
es and lower OSA risk was stronger in younger 
people (aged 20-39 years; OR per 10-point 
increase, 0.65; 95% CI: 0.59-0.71) and those 
with higher education, with some college or an 
associate degree (OR per 10-point increase, 
0.68; 95% CI: 0.63-0.73).
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Table 2. Association of the Life’s Essential 8 scores with obstructive sleep apnea (OSA)
Unadjusted model Multivariable model 1* Multivariable model 2† Multivariable model 3‡

OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value
CVH
    Low (0-49) ref ref ref ref
    Moderate (50-79) 0.53 (0.46, 0.62) <0.01 0.52 (0.44, 0.61) <0.01 0.51 (0.43, 0.61) <0.01 0.52 (0.44, 0.63) <0.01
    High (80-100) 0.22 (0.18, 0.27) <0.01 0.22 (0.18, 0.28) <0.01 0.23 (0.18, 0.29) <0.01 0.23 (0.18, 0.30) <0.01
Per 10 points increase 0.72 (0.69, 0.75) <0.01 0.72 (0.69, 0.75) <0.01 0.72 (0.68, 0.76) <0.01 0.72 (0.68, 0.76) <0.01
Health behaviors score
    Low (0-49) ref ref ref ref
    Moderate (50-79) 0.72 (0.62, 0.83) <0.01 0.71 (0.61, 0.83) <0.01 0.72 (0.61, 0.85) <0.01 0.73 (0.62, 0.86) <0.01
    High (80-100) 0.55 (0.47, 0.65) <0.01 0.55 (0.46, 0.65) <0.01 0.58 (0.47, 0.71) <0.01 0.59 (0.48, 0.72) <0.01
Per 10 points increase 0.89 (0.86, 0.91) <0.01 0.89 (0.86, 0.92) <0.01 0.89 (0.86, 0.93) <0.01 0.89 (0.86, 0.93) <0.01
Health factors score
    Low (0-49) ref ref ref ref
    Moderate (50-79) 0.68 (0.58, 0.80) <0.01 0.64 (0.55, 0.76) <0.01 0.65 (0.55, 0.77) <0.01 0.66 (0.56, 0.78) <0.01
    High (80-100) 0.33 (0.28, 0.38) <0.01 0.31 (0.27, 0.36) <0.01 0.32 (0.28, 0.37) <0.01 0.33 (0.28, 0.38) <0.01
Per 10 points increase 0.79 (0.77, 0.81) <0.01 0.78 (0.76, 0.80) <0.01 0.79 (0.76, 0.81) <0.01 0.79 (0.76, 0.81) <0.01
CVH, Cardiovascular health; OR, odds ratio; CI, confidence interval. *Adjusted for age, sex, race/ethnicity. †Additionally adjusted for poverty ratio, education levels, and marital 
status. ‡Additionally adjusted for CVD status, obesity status.
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Figure 3. Dose-response relationships between Life’s Essential 8 scores (A), Health Behavior score (B), Health 
Factors score (C), and OSA. ORs (solid lines) and 95% confidence levels (shaded areas) were adjusted for age, sex, 
race/ethnicity, obesity; poverty ratio (as a continuous variable), education level, marital status and CVD status. 
Vertical dotted lines indicate the minimal threshold for the beneficial association with estimated OR = 0. OR: odds 
ratio, LE8: Life’s Essential 8.

Figure 4. Subgroup analysis of the association of the Life’s Essential 8 
scores and the presence of OSA. ORs were calculated as per 10 scores 
increase in LE8 score. Each stratification was adjusted for age, sex, race/
ethnicity, poverty ratio, education level, and marital status. An OR >1 indi-
cates increased risk while <1 indicates decreased risk. OR odds ratio, CI 
confidence interval.

MR identifies causal roles of 
BMI, smoking, and physical 
activity in OSA risk

Using two independent datas-
ets, we performed MR analy-
ses to determine whether mo- 
dification of eight risk factors 
has a causal relationship with 
OSA. We examined the effect 
of genetic variants associated 
with each of the eight factors 
(SBP, LDL-C, HbA1c, smoking 
behaviour, BMI, level of physi-
cal activity, sleep duration and 
dietary intake). Each of these 
genetic variants enabled us  
to establish independent caus-
al relationships between each 
modifiable risk factor and OSA 
risk. Specifically, our main IVW 
MR analysis identified that 
there is a strong causal re- 
lationship between a genetic 
predisposition to having a hig- 
her BMI and developing OSA 
(OR for a 1 SD increase = 2, 
95% CI: 1.81-2.21, P<0.001) 
(Figure 5). Conversely, a ge- 
netic predisposition to smok-
ing less or engaging in more 
physical activity significantly 
decreased the risk of develop-
ing OSA (ORs = 0.50, 95% CI: 
0.32-0.79, P = 0.003; OR = 
0.73, 95% CI: 0.54-0.99, P = 
0.041, Figure 5). All of the- 
se findings were subsequently 
confirmed using other MR an- 
alytic methods including MR- 
Egger and the weighted medi-
an method (Table 3). Con- 
versely, there was no eviden- 
ce of an independent causal 
relationship between geneti-
cally determined SBP, LDL-C, 
HbA1c, sleep duration or diet 
on the risk of developing OSA 
for either IVW or additional MR 

Figure 5. Forest plot of Mendelian randomization estimates between genetic 
predisposition to individual items of Life’s Essential 8 (LE8) and risk of OSA. 
The figure showed the IVW estimates of significantly OSA-associated modifi-
able risk factor of LE8. The blue dots represent the IVW estimates, and the 
black bars represent the 95% confidence intervals of IVW estimates. The 
OR >1 indicates increased risk while <1 indicates decreased risk.
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Table 3. Mendelian randomization analysis estimates from each method of assessing the causal ef-
fect of modifiable risk factors on the risk of OSA

Exposure Method SNPs ORs 95% CI P
Heterogeneity Pleiotropy

Q P Intercept SE P
SBP IVW 233 1.12 (0.97, 1.28) 0.13 386.58 <0.01

MR-Egger 233 0.89 (0.58, 1.33) 0.54 0.004 0.004 0.23
Weighted median 233 1.15 (0.97, 1.37) 0.10

LDL cholesterol IVW 151 0.10 (0.94, 1.07) 0.98 169.83 0.13
MR-Egger 151 0.98 (0.90, 1.07) 0.65 0.001 0.002 0.49
Weighted median 151 0.98 (0.89, 1.08) 0.68

HBA1C IVW 316 1.01 (0.93, 1.09) 0.81 495.54 <0.01
MR-Egger 316 0.90 (0.78, 1.04) 0.15 0.004 0.002 0.06
Weighted median 316 0.97 (0.87, 1.08) 0.56

Smoking index IVW 72 0.50 (0.32, 0.79) 0.00 98.42 0.02
MR-Egger 72 0.11 (0.02, 0.74) 0.03 0.014 0.008 0.11
Weighted median 72 0.55 (0.31, 0.97) 0.04

BMI IVW 385 2.00 (1.81, 2.21) <0.01 604.57 <0.01
MR-Egger 385 2.15 (1.63, 2.83) <0.01 -0.001 0.003 0.58
Weighted median 385 2.06 (1.80, 2.36) <0.01

Physical activity IVW 11 0.73 (0.55, 0.99) 0.04 10.78 <0.01
MR-Egger 11 0.92 (0.08, 11.16) 0.95 -0.007 0.036 0.86
Weighted median 11 0.65 (0.44, 0.96) 0.03

Sleep duration IVW 15 1.23 (0.84, 1.80) 0.28 32.63 <0.01
MR-Egger 15 2.40 (0.65, 8.96) 0.21 -0.019 0.018 0.32
Weighted median 15 1.31 (0.89, 1.93) 0.16

Diet score IVW 68 0.83 (0.50, 1.35) 0.45 193.75 <0.01
MR-Egger 68 0.67 (0.10, 4.80) 0.70 0.002 0.012 0.84
Weighted median 68 0.74 (0.47, 1.18) 0.20

analyses (OR for a 1 SD increase = 2, 95% CI: 
1.81-2.21).

Discussion

This large nationwide study demonstrates that 
as LE8 scores increase, the likelihood of having 
OSA decreases. It appears from the data that 
both the health behaviours as well as the 
health factors included in the LE8 score are 
inversely associated with the risk of OSA. These 
findings were also demonstrated by subgroup 
analyses and showed the same trend across 
multiple subgroupings. This is among the first 
studies to demonstrate a clear dose-response 
relationship between CVH, defined using the 
LE8 construct, and OSA. The data also indi-
cates that improvement in CVH leads to a con-
tinual decline in OSA risk, making it likely that 
adopting the behaviours necessary to increase 
LE8 scores would decrease your risk of devel-
oping OSA. Additionally, the data indicates a 
genetic relationship between increased BMIs 

and decreased levels of physical activity, both 
of which influence increased risk for OSA; the- 
refore, it is possible that higher BMI and less 
exercise, both of which can cause decreased 
levels of fitness, can potentially lead to the 
development of OSA.

Previous studies have shown that health behav-
iors and factors like physical activity, diet, and 
BMI are often linked to OSA [29, 30]. One stu- 
dy found an inverse relationship between OSA 
and the LS7 score [17], which is similar to our 
findings about the connection between LE8 
scores and OSA. Therefore, early identification 
of high-risk OSA individuals is critical for their 
timely diagnosis and treatment. While obesity 
management has traditionally been listed am- 
ong the recommendations to prevent OSA, our 
findings suggest a different focus for future pre-
vention strategies [1, 2, 31, 32]. Physical activ-
ity, which is an integral part of both preventing 
and treating obesity, has also demonstrated 
positive effects on OSA risk [30, 33]. While the 
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presence of a concurrent association between 
OSA, elevated blood pressure, and HbA1c lev-
els has been previously described [13, 15], our 
MR analysis did not reveal any evidence that 
increased risk of OSA from either elevated 
blood pressure or HbA1c levels could be attrib-
uted to a genetic component. This may indicate 
a possibility of reverse causality in observa- 
tional studies. Another interesting outcome of 
our MR analysis is that there is a relationship 
between lower OSA risk and smoking. Further 
investigation into how smoking is related to 
both OSA and Sleep Health is required [34], 
more research is needed to better understand 
how smoking relates to sleep health.

Increasing evidence connects Lifestyle En- 
vironments 8 with Obstructive Sleep Apnea 
(OSA), primarily mediated by the lifestyle vari-
ables of Physical Activity (PA) and Body Mass 
Index (BMI) that are included in the definitions 
of LE8. Belly fat, in particular, contributes to  
an increased incidence, or severity, of OSA by 
collapsing the throat; thus, causing multiple 
instances of airway obstruction while sleeping. 
Mechanical pressure and nerve/muscle path-
ways are the two primary means via which belly 
fat can collapse the throat [35]. Furthermore, 
belly fat creates additional mechanical pres-
sure in the airway and impairs the body’s ability 
to respond to that pressure, potentially through 
the influence of fat-related hormones (e.g., adi-
pokines) on the nervous system. In summary, 
while belly fat can lead to greater incidence  
or severity of OSA, physical activity improves 
weight loss and also supports improved cardio-
vascular and metabolic health across a wide 
variety of disorders [32].

Despite some limitations within the study’s 
design, methodology, and reporting; the st- 
rengths of the research included various im- 
portant components for each of the research 
objectives. First, this research used an ex- 
tensive sample from the National Health and 
NHANES that included a diversity of indivi- 
duals thus capturing representative informa-
tion regarding the prevention and treatment of 
OSA. Second, the use of MR allowed research-
ers to determine if a causal relationship exist- 
ed between the LE8 score and OSA. While 
researchers believe they have identified a sta-
tistically significant association between LE8 
score and OSA, they must also consider that 
the results could be due in part to bias intro-

duced from using self-reported health behav-
iours questionnaires (i.e., lifestyle choices). 
Lastly, since the majority of the NHANES stu- 
dy population was American, researchers can-
not assume that the same findings would hold 
true for individuals of other ethnicities or de- 
mographics.

Conclusion

This research establishes an association be- 
tween CVH, defined using the LE8 construct, 
and OSA. The findings highlight the importance 
of evaluating CVH among individuals with OSA, 
as lower levels of LE8-defined cardiovascular 
health were associated with a higher risk of 
OSA. The MR analysis demonstrated that wei- 
ght management and physical activity are im- 
portant strategies for managing OSA and to 
illustrate the importance of lifestyle changes in 
reducing the risk of OSA.
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Table S1. Definition and scoring approach for the American Heart Association’s Life’s Essential 8 score
Domain CVH Metric Measurement Quantification and Scoring of CVH Metric
Health Behaviors Diet Healthy Eating Index-2015 diet 

score percentile
Quantiles of DASH-style diet adherence
Scoring (Population):
Points Quantile
100    ≥95th percentile (top/ideal diet)
80     75th - 94th percentile
50     50th - 74th percentile
25     25th - 49th percentile
0        1st - 24th percentile (bottom/least ideal quartile)

Physical 
activity

Self-reported minutes of 
moderate or vigorous physical 
activity per week

Metric: Minutes of moderate (or greater) intensity activity per week
Scoring:
Points Minutes
100     ≥150
90      120 - 149
80      90 - 119
60      60 - 89
40      30 - 59
20      1 - 29
0        0

Nicotine 
exposure

Self-reported use of cigarettes 
or inhaled nicotine- delivery 
system

Metric: Combustible tobacco use and/or inhaled NDS use; or secondhand smoke exposure
Scoring:
Points Status
100 Never smoker
75    Former smoker, quit ≥5 yrs
50    Former smoker, quit 1 - <5 yrs
25    Former smoker, quit <1 year, or currently using inhaled NDS
0      Current smoker
Subtract 20 points (unless score is 0) for living with active indoor smoker in home

Sleep health Self-reported average hours of 
sleep per night

Metric: Average hours of sleep per night
Scoring:
Points Level 
100    7 - <9
90      9 - <10
70      6 - <7
40      5 - <6 or ≥10
20      4 - <5
0        <4
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Health Factors Body mass 
index

Body weight (kg) divided by 
height squared (m2)

Metric: Body mass index (kg/m2)
Scoring:
Points Level 
100  <25
70    25 - 29.9
30    30 - 34.9
15    35 - 39.9
0      ≥40.0

Blood lipids Plasma total and HDL-choles-
terol with calculation of non-
HDL-cholesterol

Metric: Non-HDL-cholesterol (mg/dL)
Scoring:
Points Level 
100    <130
60     130 - 159
40     160 - 189
20     190 - 219
0       ≥220
If drug-treated level, subtract 20 points

Blood  
glucose

Fasting blood glucose or ca-
sual hemoglobin A1c

Metric: Fasting blood glucose (mg/dL) or Hemoglobin A1c (%)
Scoring:
Points Level
100   No history of diabetes and FBG <100 (or HbA1c < 5.7)
60     No diabetes and FBG 100 - 125 (or HbA1c 5.7-6.4) (Pre-diabetes)
40    Diabetes with HbA1c <7.0
30    Diabetes with HbA1c 7.0 - 7.9
20    Diabetes with HbA1c 8.0 - 8.9
10    Diabetes with Hb A1c 9.0 - 9.9
0      Diabetes with HbA1c ≥10.0

Blood  
pressure

Appropriately measured 
systolic and diastolic blood 
pressure

Metric: Systolic and diastolic blood pressure (mm Hg)
Scoring:
Points Level
100     <120/<80 (Optimal)
75      120-129/<80 (Elevated)
50      130-139 or 80-89 (Stage I HTN)
25      140-159 or 90-99
0        ≥160 or ≥100
Subtract 20 points if treated level
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Table S2. Healthy Eating Index-2015 Components & Scoring Standards

Component Maximum 
points Standard for maximum score Standard for minimum score of zero

Adequacy
    Total Fruits 5 ≥0.8 cup equiv. per 1,000 kcal No Fruit
    Whole Fruits 5 ≥0.4 cup equiv. per 1,000 kcal No Whole Fruit
    Total Vegetables 5 ≥1.1 cup equiv. per 1,000 kcal No Vegetables
    Greens and Beans 5 ≥0.2 cup equiv. per 1,000 kcal No Dark Green Vegetables or Legumes
    Whole Grains 10 ≥1.5 oz equiv. per 1,000 kcal No Whole Grains
    Dairy 10 ≥1.3 cup equiv. per 1,000 kcal No Dairy
    Total Protein Foods 5 ≥2.5 oz equiv. per 1,000 kcal No Protein Foods
    Seafood and Plant Proteins 5 ≥0.8 oz equiv. per 1,000 kcal No Seafood or Plant Proteins
    Fatty Acids 10 (PUFAs + MUFAs)/SFAs ≥2.5 (PUFAs+MUFAs)/SFAs ≤1.2
Moderation
    Refined Grains 10 ≤1.8 oz equiv. per 1,000 kcal ≥4.3 oz equiv. per 1,000 kcal
    Sodium 10 ≤1.1 gram per 1,000 kcal ≥2.0 grams per 1,000 kcal
    Added Sugars 10 ≤6.5% of energy ≥26% of energy
    Saturated Fats 10 ≤8% of energy ≥16% of energy
(1) Intake between the minimum and maximum standards are scored proportionately. (2) Includes 100% fruit juice. (3) 
Includes all forms except juice. (4) Includes legumes (beans and peas). (5) Includes all milk products, such as fluid milk, 
yogurt, and cheese, and fortified soy beverages. (6) Includes legumes (beans and peas). (7) Includes seafood, nuts, seeds, soy 
products (other than beverages), and legumes (beans and peas). (8) Ratio of poly-and monounsaturated fatty acids (PUFAs 
and MUFAs) to saturated fatty acids (SFAs).

Table S3. Instruments used in the Mendelian randomization analysis of SBP derived from a GWAS 
performed in UK Biobank and the Biobank Japan
MarkerName effect_allele other_allele eaf beta standard error p value
rs10009202 C T 0.45801 -0.0176 0.0023 <0.0001
rs10032729 A G 0.60798 0.0115 0.002 <0.0001
rs10048404 T C 0.33133 -0.0148 0.002 <0.0001
rs10069690 T C 0.25258 0.0133 0.0022 <0.0001
rs1009358 C T 0.35909 -0.0158 0.0019 <0.0001
rs10177584 T C 0.18528 -0.0153 0.0024 <0.0001
rs10197864 C T 0.21849 -0.0155 0.0023 <0.0001
rs10212058 G A 0.15347 -0.0147 0.0027 <0.0001
rs10269774 A G 0.25716 -0.0193 0.0022 <0.0001
rs10409243 T C 0.49552 -0.0151 0.002 <0.0001
rs1044822 T C 0.12907 -0.0155 0.0028 <0.0001
rs10477646 T C 0.26628 -0.012 0.0022 <0.0001
rs10735823 C T 0.42442 -0.015 0.0022 <0.0001
rs10737683 A G 0.34704 0.0139 0.0022 <0.0001
rs10817007 G T 0.20558 0.0145 0.0024 <0.0001
rs10883543 T G 0.88854 0.0297 0.0036 <0.0001
rs10891480 G T 0.45222 -0.0142 0.0019 <0.0001
rs10958099 A G 0.20387 0.0177 0.0023 <0.0001
rs10995311 G C 0.36945 -0.0173 0.002 <0.0001
rs11067762 A G 0.16129 -0.0152 0.0026 <0.0001
rs11105352 A G 0.22999 -0.0361 0.0023 <0.0001
rs11153071 A G 0.16638 0.0192 0.0025 <0.0001
rs11170390 A G 0.08695 -0.0194 0.0033 <0.0001
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rs11187838 A G 0.43806 -0.0219 0.0019 <0.0001
rs11208903 C T 0.74793 0.0129 0.0023 <0.0001
rs11252321 C T 0.06344 -0.0211 0.0038 <0.0001
rs112537273 C T 0.25873 0.0117 0.0021 <0.0001
rs112641450 A G 0.13275 -0.0168 0.0029 <0.0001
rs113221086 C A 0.13936 0.0178 0.0033 <0.0001
rs113614541 C A 0.01521 -0.0513 0.0093 <0.0001
rs11641308 C T 0.62124 0.016 0.002 <0.0001
rs11649091 G T 0.36655 0.0117 0.002 <0.0001
rs116734066 T C 0.09236 -0.0252 0.0039 <0.0001
rs11710813 T C 0.22127 0.0156 0.0023 <0.0001
rs11721984 T C 0.32952 -0.0141 0.0022 <0.0001
rs11722924 C G 0.47962 -0.0113 0.0019 <0.0001
rs11727343 G A 0.46858 0.0123 0.0019 <0.0001
rs117472357 T C 0.04166 0.0317 0.0058 <0.0001
rs1177764 G C 0.59728 0.0301 0.0019 <0.0001
rs117908583 T C 0.04021 0.0297 0.005 <0.0001
rs11874 A G 0.13676 0.0302 0.0033 <0.0001
rs11928547 C T 0.47404 -0.0147 0.0019 <0.0001
rs11970688 C G 0.57601 -0.0127 0.0023 <0.0001
rs12035750 C T 0.38601 0.0175 0.0023 <0.0001
rs12147852 A G 0.24784 0.0161 0.0026 <0.0001
rs12147852 A G 0.24784 0.0161 0.0026 <0.0001
rs12258967 G C 0.21275 -0.0312 0.0024 <0.0001
rs1234988 A G 0.64293 0.0292 0.002 <0.0001
rs12363520 A T 0.22912 0.0149 0.0027 <0.0001
rs12421055 C A 0.19781 0.0134 0.0024 <0.0001
rs1250259 A T 0.79663 -0.0183 0.0024 <0.0001
rs12509595 C T 0.2951 0.0374 0.002 <0.0001
rs12530912 G T 0.23423 0.0124 0.0022 <0.0001
rs12546319 T A 0.38266 -0.0157 0.0019 <0.0001
rs12609950 G T 0.25864 -0.0138 0.0022 <0.0001
rs12638862 G A 0.37626 -0.0137 0.0021 <0.0001
rs12714414 C T 0.13575 -0.0186 0.0028 <0.0001
rs12746365 A G 0.30128 -0.019 0.0025 <0.0001
rs1275980 T C 0.49862 -0.0273 0.002 <0.0001
rs12801636 A G 0.30703 -0.0163 0.0021 <0.0001
rs12906125 A G 0.26041 0.0282 0.0022 <0.0001
rs12911255 T A 0.13615 0.0155 0.0027 <0.0001
rs13017511 G A 0.22508 0.0142 0.0024 <0.0001
rs13112725 C G 0.72542 0.0181 0.0021 <0.0001
rs13129779 T C 0.60304 -0.0116 0.002 <0.0001
rs13131350 G A 0.16656 0.0151 0.0025 <0.0001
rs13276026 A G 0.57084 -0.0186 0.0023 <0.0001
rs1371597 A C 0.46196 0.013 0.0023 <0.0001
rs138110118 G T 0.11424 -0.0228 0.0036 <0.0001
rs138443500 G T 0.01589 0.0611 0.009 <0.0001
rs1407256 G A 0.26802 0.0128 0.0023 <0.0001
rs141206533 A G 0.15536 0.0183 0.0027 <0.0001
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rs1422279 T C 0.45197 0.015 0.0019 <0.0001
rs143167197 G A 0.07517 0.0212 0.0036 <0.0001
rs1435514 T C 0.37375 0.015 0.0019 <0.0001
rs1436138 G A 0.38655 -0.0146 0.0019 <0.0001
rs1448919 A G 0.24113 0.013 0.0022 <0.0001
rs1458727 T C 0.29822 0.0125 0.0021 <0.0001
rs1465406 C A 0.25556 -0.0122 0.0021 <0.0001
rs1475130 C T 0.6834 0.0122 0.002 <0.0001
rs148321568 T A 0.14092 0.0225 0.0032 <0.0001
rs148351986 G A 0.15788 -0.0177 0.0031 <0.0001
rs148753960 T C 0.01013 -0.0679 0.0119 <0.0001
rs148862242 T C 0.09144 0.024 0.0039 <0.0001
rs149764880 T G 0.16378 -0.0455 0.003 <0.0001
rs1543270 T C 0.54071 -0.0151 0.0019 <0.0001
rs166912 C T 0.75775 -0.0163 0.0023 <0.0001
rs167479 T G 0.47998 -0.0268 0.0019 <0.0001
rs16939338 A G 0.24366 -0.0128 0.0023 <0.0001
rs17010961 A T 0.16228 0.0229 0.0025 <0.0001
rs17173238 G A 0.28639 0.0171 0.0025 <0.0001
rs17245822 C A 0.33025 0.0114 0.002 <0.0001
rs17389148 A C 0.3782 -0.0138 0.002 <0.0001
rs17410535 C T 0.2767 0.0135 0.0021 <0.0001
rs17694791 T C 0.24129 -0.0157 0.0022 <0.0001
rs17715065 T C 0.45736 0.0161 0.0019 <0.0001
rs17722107 C A 0.20165 -0.0168 0.0023 <0.0001
rs17759661 A C 0.39601 0.0129 0.002 <0.0001
rs1813006 T G 0.06008 -0.0303 0.0049 <0.0001
rs1848510 A G 0.44469 0.0119 0.0019 <0.0001
rs200528 G A 0.84063 0.0244 0.0026 <0.0001
rs200584255 C T 0.21923 -0.0154 0.0027 <0.0001
rs2048240 T C 0.53171 0.0107 0.0019 <0.0001
rs2055726 A G 0.46172 0.0119 0.002 <0.0001
rs2062316 G A 0.33185 0.0173 0.0021 <0.0001
rs2071303 C T 0.47203 0.0142 0.002 <0.0001
rs2074633 C T 0.25567 0.0172 0.0022 <0.0001
rs2206815 A C 0.47854 -0.0144 0.0019 <0.0001
rs2238786 G A 0.25773 0.0142 0.0021 <0.0001
rs2242296 G C 0.37079 -0.0142 0.0019 <0.0001
rs2254240 A G 0.30189 -0.0194 0.0022 <0.0001
rs2288276 C G 0.88457 0.0218 0.0029 <0.0001
rs2289125 C A 0.70224 0.0146 0.0021 <0.0001
rs2301597 C T 0.47351 -0.0223 0.002 <0.0001
rs2306526 T C 0.52394 -0.0156 0.0023 <0.0001
rs2314650 A G 0.27961 -0.0128 0.0023 <0.0001
rs2382818 T A 0.40471 0.0104 0.0019 <0.0001
rs2447607 T C 0.62997 0.0126 0.0019 <0.0001
rs2478539 T G 0.52482 0.0152 0.002 <0.0001
rs2493292 T C 0.09856 0.0232 0.0032 <0.0001
rs2569880 A C 0.55785 -0.0121 0.002 <0.0001
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rs2571445 G A 0.58781 -0.0115 0.0019 <0.0001
rs2578655 G T 0.38601 0.0135 0.0019 <0.0001
rs2580315 C T 0.1097 -0.0175 0.003 <0.0001
rs263012 C A 0.55581 -0.0107 0.0019 <0.0001
rs2638432 T G 0.26186 -0.0137 0.0022 <0.0001
rs2643826 T C 0.42839 0.0186 0.002 <0.0001
rs267513 T G 0.64737 -0.0121 0.002 <0.0001
rs268263 A T 0.70949 0.0272 0.0021 <0.0001
rs2721796 T C 0.15152 -0.0151 0.0027 <0.0001
rs28478118 G T 0.33523 -0.0114 0.002 <0.0001
rs28534747 C T 0.331 -0.0141 0.0024 <0.0001
rs2935545 A G 0.26708 -0.0121 0.0021 <0.0001
rs3110057 A G 0.60227 -0.0116 0.0019 <0.0001
rs3211995 A G 0.15903 -0.0219 0.0031 <0.0001
rs34325 C T 0.52195 0.0106 0.0019 <0.0001
rs35183011 G C 0.06637 0.029 0.0045 <0.0001
rs35300112 C A 0.19902 -0.0191 0.0024 <0.0001
rs35427 G T 0.34555 -0.0214 0.002 <0.0001
rs35479618 A G 0.01735 0.0649 0.0086 <0.0001
rs35680304 T C 0.58127 0.0143 0.0019 <0.0001
rs35704455 A T 0.66105 0.0119 0.0021 <0.0001
rs36002174 T C 0.18996 -0.0156 0.0024 <0.0001
rs360158 A G 0.60201 0.0178 0.0019 <0.0001
rs36144291 C T 0.23468 -0.0147 0.0022 <0.0001
rs3774620 A G 0.55772 0.0129 0.002 <0.0001
rs3786516 A T 0.82123 0.014 0.0025 <0.0001
rs3790604 A C 0.14037 0.0309 0.0028 <0.0001
rs3817198 C T 0.26955 -0.0135 0.0021 <0.0001
rs3821843 A G 0.61017 0.0186 0.002 <0.0001
rs389546 C T 0.90286 -0.0206 0.0032 <0.0001
rs419076 C T 0.62784 -0.016 0.002 <0.0001
rs4245599 G A 0.52427 0.0126 0.0019 <0.0001
rs440466 C T 0.28245 -0.0135 0.0022 <0.0001
rs4411554 G C 0.69216 0.0123 0.002 <0.0001
rs460718 G A 0.60808 0.0165 0.002 <0.0001
rs4690774 T A 0.56635 -0.0114 0.002 <0.0001
rs4767321 C T 0.41096 0.012 0.002 <0.0001
rs4842266 A G 0.57825 -0.0129 0.002 <0.0001
rs4936098 G A 0.71272 -0.0183 0.0022 <0.0001
rs494264 G A 0.49407 -0.0129 0.0019 <0.0001
rs4968716 T C 0.59034 0.0127 0.002 <0.0001
rs507506 G A 0.53848 0.0124 0.0019 <0.0001
rs55940342 C G 0.18007 -0.0175 0.0029 <0.0001
rs56083149 G C 0.36929 0.0121 0.002 <0.0001
rs56092448 T C 0.14207 0.0187 0.0027 <0.0001
rs56180741 C T 0.57153 -0.0129 0.0023 <0.0001
rs56743174 A G 0.0755 -0.0235 0.0035 <0.0001
rs574794 T A 0.03979 0.0304 0.0048 <0.0001
rs57946343 C T 0.15129 -0.0291 0.0031 <0.0001
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rs6017281 G A 0.17762 0.019 0.0025 <0.0001
rs6026739 T A 0.10831 0.0278 0.003 <0.0001
rs605410 G A 0.5007 -0.0117 0.0019 <0.0001
rs60691990 C T 0.24776 -0.0185 0.0023 <0.0001
rs6077991 T C 0.27529 0.0187 0.0021 <0.0001
rs6122049 T C 0.23075 0.0179 0.0027 <0.0001
rs615567 T A 0.34583 -0.0128 0.002 <0.0001
rs62189012 A G 0.09502 -0.0234 0.0032 <0.0001
rs62368019 C T 0.32366 0.0141 0.002 <0.0001
rs62430713 C T 0.17698 -0.0175 0.003 <0.0001
rs62434129 T A 0.05768 -0.0296 0.004 <0.0001
rs62481856 A G 0.17093 0.0357 0.0025 <0.0001
rs62524579 A G 0.48801 -0.0155 0.0019 <0.0001
rs62536879 T A 0.35482 -0.0139 0.0024 <0.0001
rs6271 T C 0.07393 -0.0256 0.0043 <0.0001
rs6460542 T C 0.26589 0.0142 0.0021 <0.0001
rs6490061 C T 0.34236 -0.0242 0.0022 <0.0001
rs6540125 G T 0.63042 -0.011 0.0019 <0.0001
rs66563455 C T 0.22379 -0.0176 0.0023 <0.0001
rs6708660 C T 0.29392 -0.0134 0.0022 <0.0001
rs6789614 A G 0.43404 -0.0148 0.002 <0.0001
rs6815273 A G 0.40936 -0.0136 0.0019 <0.0001
rs6912683 A C 0.53432 0.014 0.0019 <0.0001
rs7020491 T C 0.47039 -0.0119 0.0019 <0.0001
rs704 A G 0.56164 -0.0108 0.002 <0.0001
rs708164 A C 0.34675 0.0125 0.0022 <0.0001
rs7099026 T C 0.57795 -0.0126 0.0023 <0.0001
rs7131442 T A 0.2155 0.0163 0.0023 <0.0001
rs7134677 T C 0.3293 -0.0151 0.002 <0.0001
rs71654213 T C 0.38374 -0.0174 0.0023 <0.0001
rs7236548 A C 0.22131 0.0128 0.0023 <0.0001
rs72677850 A G 0.01896 -0.0507 0.0084 <0.0001
rs72730503 A G 0.68301 -0.0188 0.002 <0.0001
rs72834437 G A 0.11436 0.0201 0.0035 <0.0001
rs73033340 G A 0.03166 -0.0388 0.0064 <0.0001
rs73046792 A G 0.16476 -0.0241 0.003 <0.0001
rs73077157 C A 0.08947 -0.0192 0.0034 <0.0001
rs7315980 A G 0.06704 0.0217 0.0038 <0.0001
rs73563812 T G 0.2778 -0.0169 0.0021 <0.0001
rs7404616 A G 0.61697 -0.0108 0.0019 <0.0001
rs740698 T C 0.59767 -0.0144 0.0019 <0.0001
rs74826317 G A 0.02807 -0.0479 0.0068 <0.0001
rs751984 C T 0.24282 -0.0169 0.0024 <0.0001
rs7575103 A G 0.37098 0.0113 0.0019 <0.0001
rs75989961 G T 0.08155 0.024 0.0041 <0.0001
rs76785323 A C 0.43271 0.0209 0.0019 <0.0001
rs7687234 T C 0.43339 0.0117 0.0019 <0.0001
rs7772739 A G 0.52798 0.0114 0.0019 <0.0001
rs77870048 T C 0.05304 0.0495 0.005 <0.0001
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rs78089855 T C 0.05167 0.0294 0.0042 <0.0001
rs78744936 A G 0.18798 0.0153 0.0026 <0.0001
rs7911644 T C 0.34521 0.0135 0.002 <0.0001
rs7926602 A G 0.48462 0.0138 0.0019 <0.0001
rs79349366 T C 0.03253 -0.04 0.0064 <0.0001
rs7938342 A T 0.64949 0.0245 0.002 <0.0001
rs79680647 A G 0.12903 -0.0408 0.0028 <0.0001
rs8076897 C T 0.74468 -0.0177 0.0023 <0.0001
rs8123890 G A 0.41222 0.0109 0.0019 <0.0001
rs861581 T G 0.55381 0.0114 0.0019 <0.0001
rs8904 A G 0.34363 0.0113 0.002 <0.0001
rs891511 A G 0.40295 -0.0178 0.002 <0.0001
rs896693 A G 0.35363 -0.012 0.002 <0.0001
rs9294987 C T 0.36081 0.0148 0.0022 <0.0001
rs9330353 A T 0.41329 0.0114 0.0019 <0.0001
rs9349379 G A 0.47891 -0.0132 0.002 <0.0001
rs9401013 A T 0.52206 0.0145 0.0023 <0.0001
rs9442841 A G 0.11908 -0.0163 0.003 <0.0001
rs9472040 G A 0.32845 0.0176 0.002 <0.0001
rs9549328 T C 0.24667 0.0143 0.0022 <0.0001
rs9899357 C T 0.32924 0.0116 0.0021 <0.0001
rs9907379 C T 0.75513 0.0188 0.0022 <0.0001

Table S4. Instruments used in the Mendelian randomization analysis of LDL
MarkerName effect_allele other_allele eaf beta standard error p value
rs1010759 A G 0.13298 -0.025 0.0031 <0.0001
rs10201242 A G 0.09955 -0.0226 0.0036 <0.0001
rs10260606 C G 0.1824 0.0353 0.003 <0.0001
rs10448340 G T 0.30318 -0.0145 0.0023 <0.0001
rs10794579 C T 0.5726 0.0162 0.0021 <0.0001
rs1081105 C A 0.02788 0.1736 0.0072 <0.0001
rs10910476 T C 0.50471 0.0136 0.0022 <0.0001
rs10953298 T C 0.21183 -0.0188 0.0026 <0.0001
rs11024735 T C 0.69253 0.0145 0.0023 <0.0001
rs11099097 T C 0.2976 -0.0183 0.0023 <0.0001
rs11149612 T C 0.51153 -0.0166 0.0022 <0.0001
rs113177823 A G 0.05441 -0.037 0.0053 <0.0001
rs11591147 T G 0.0177 -0.3485 0.0089 <0.0001
rs11601507 A C 0.06588 0.0335 0.0042 <0.0001
rs11621792 T C 0.38435 0.0185 0.0023 <0.0001
rs11641811 A C 0.55042 0.0181 0.0021 <0.0001
rs116734477 T C 0.03425 -0.0514 0.0059 <0.0001
rs1169288 C A 0.34453 0.024 0.0022 <0.0001
rs11709868 T G 0.25439 -0.0159 0.0025 <0.0001
rs117139027 A G 0.01722 -0.0598 0.009 <0.0001
rs11789603 T C 0.09935 0.021 0.0036 <0.0001
rs118039278 A G 0.0806 0.0819 0.0043 <0.0001
rs11911615 G T 0.32304 -0.0125 0.0023 <0.0001
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rs12151108 A G 0.11874 -0.1777 0.0036 <0.0001
rs12208357 T C 0.06989 0.0569 0.0046 <0.0001
rs12445804 A G 0.13419 0.0249 0.0033 <0.0001
rs12473839 T C 0.40591 0.0147 0.0022 <0.0001
rs12478841 G A 0.30976 0.0234 0.0024 <0.0001
rs12533280 T C 0.19929 0.0154 0.0026 <0.0001
rs12588332 C T 0.86209 0.0189 0.0031 <0.0001
rs12657266 T C 0.6695 0.0345 0.0023 <0.0001
rs12740374 T G 0.1953 -0.1173 0.0027 <0.0001
rs12905203 G A 0.37036 -0.0123 0.0023 <0.0001
rs12916 C T 0.42208 0.0602 0.0021 <0.0001
rs12989783 A T 0.62707 -0.0197 0.0022 <0.0001
rs13098031 T G 0.22316 -0.0204 0.0026 <0.0001
rs1350559 G C 0.45792 0.0139 0.0022 <0.0001
rs1367117 A G 0.2931 0.0803 0.0024 <0.0001
rs141973904 T C 0.00999 -0.0758 0.0119 <0.0001
rs144078421 A G 0.01649 0.0515 0.0093 <0.0001
rs144439590 T C 0.0304 -0.1448 0.007 <0.0001
rs144861591 T C 0.0776 -0.0554 0.0044 <0.0001
rs145184406 A T 0.19109 -0.019 0.003 <0.0001
rs145730801 C T 0.04545 0.0344 0.0058 <0.0001
rs146534110 T G 0.01338 0.0627 0.0103 <0.0001
rs147540853 A G 0.06463 -0.071 0.0044 <0.0001
rs147711004 A G 0.03701 0.1486 0.0064 <0.0001
rs148601586 G C 0.01354 0.1345 0.0104 <0.0001
rs150474434 A G 0.08422 -0.0355 0.0039 <0.0001
rs16926246 T C 0.13069 -0.0221 0.0035 <0.0001
rs17029617 A G 0.07924 -0.0339 0.0039 <0.0001
rs17050272 A G 0.42241 -0.0207 0.0021 <0.0001
rs17185536 T C 0.24437 -0.0176 0.0027 <0.0001
rs174553 G A 0.35307 -0.0306 0.0022 <0.0001
rs1800961 T C 0.0277 -0.0634 0.0065 <0.0001
rs1801689 C A 0.02989 0.0649 0.0069 <0.0001
rs1883711 C G 0.03108 0.108 0.0069 <0.0001
rs2066714 C T 0.21569 0.0197 0.0029 <0.0001
rs2068888 A G 0.4786 -0.0185 0.0021 <0.0001
rs2160994 C T 0.7036 0.018 0.0024 <0.0001
rs2179050 G A 0.67099 -0.0152 0.0023 <0.0001
rs2253736 A C 0.87713 -0.0197 0.0033 <0.0001
rs2291217 G A 0.29391 -0.0143 0.0023 <0.0001
rs2302429 A G 0.20721 0.0149 0.0026 <0.0001
rs2306363 T G 0.21853 0.0146 0.0026 <0.0001
rs2414577 C T 0.47168 0.0158 0.0023 <0.0001
rs247617 A C 0.30481 -0.0312 0.0023 <0.0001
rs2519093 T C 0.20048 0.0562 0.0026 <0.0001
rs2618566 T G 0.66495 -0.0219 0.0023 <0.0001
rs2642438 G A 0.72266 0.0248 0.0024 <0.0001
rs2706383 A G 0.21704 -0.0162 0.0026 <0.0001
rs2710644 C A 0.71233 0.0212 0.0023 <0.0001
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rs2737245 T G 0.27935 -0.0229 0.0024 <0.0001
rs2740488 C A 0.26726 -0.0213 0.0024 <0.0001
rs28601761 G C 0.37526 -0.0553 0.0023 <0.0001
rs28615248 C T 0.19854 0.023 0.0027 <0.0001
rs334558 G A 0.39057 0.0155 0.0022 <0.0001
rs33997707 A G 0.11628 0.0422 0.0033 <0.0001
rs34019521 C G 0.22206 0.0152 0.0026 <0.0001
rs34042070 G C 0.22273 0.0465 0.0026 <0.0001
rs34071855 G C 0.4173 -0.0134 0.0023 <0.0001
rs34568880 T C 0.01176 0.054 0.0099 <0.0001
rs34927723 T C 0.16271 -0.0159 0.0029 <0.0001
rs35081008 T C 0.14661 -0.0349 0.0033 <0.0001
rs35203651 C T 0.11374 0.0191 0.0033 <0.0001
rs35206901 G A 0.18214 -0.0384 0.003 <0.0001
rs3756772 T C 0.45324 0.017 0.0022 <0.0001
rs3780181 G A 0.07118 -0.0298 0.0041 <0.0001
rs4044515 A G 0.0532 -0.0282 0.005 <0.0001
rs41280378 G T 0.07946 -0.0315 0.0041 <0.0001
rs438568 G A 0.60398 0.0124 0.0022 <0.0001
rs45537841 T C 0.1964 -0.0152 0.0027 <0.0001
rs4678192 G A 0.40882 0.0137 0.0022 <0.0001
rs4714638 G A 0.47597 -0.013 0.0022 <0.0001
rs472495 T G 0.67191 0.0438 0.0023 <0.0001
rs4738684 G A 0.69463 -0.0294 0.0023 <0.0001
rs4751996 G A 0.4792 0.0122 0.0022 <0.0001
rs4850047 C T 0.76686 -0.0183 0.0029 <0.0001
rs486142 A G 0.55159 0.0353 0.0022 <0.0001
rs4939883 C T 0.81436 0.0157 0.0027 <0.0001
rs542049 C T 0.28298 -0.0149 0.0024 <0.0001
rs55714927 T C 0.20899 -0.0258 0.0027 <0.0001
rs55831924 T C 0.32512 0.0157 0.0023 <0.0001
rs55921103 T G 0.63174 0.0129 0.0023 <0.0001
rs56248798 T C 0.03423 0.0396 0.006 <0.0001
rs5758128 T C 0.47375 0.0136 0.0024 <0.0001
rs57667647 A G 0.04556 -0.0789 0.0056 <0.0001
rs58699591 T C 0.18541 -0.0164 0.0027 <0.0001
rs59509802 C A 0.25074 0.028 0.0024 <0.0001
rs597808 G A 0.51664 0.0264 0.0024 <0.0001
rs59784135 G A 0.64023 -0.0268 0.0024 <0.0001
rs60073330 G A 0.29234 0.0132 0.0023 <0.0001
rs60403956 G A 0.02584 -0.0492 0.0071 <0.0001
rs6090101 A G 0.19903 0.0182 0.003 <0.0001
rs62006565 C T 0.73275 0.0186 0.0027 <0.0001
rs62118464 A G 0.1183 0.0316 0.0037 <0.0001
rs62275880 T A 0.26033 0.02 0.0027 <0.0001
rs6475606 T C 0.51613 -0.0195 0.0021 <0.0001
rs6602911 T C 0.37222 0.0203 0.0022 <0.0001
rs6667939 T C 0.73621 0.0145 0.0024 <0.0001
rs67431680 G A 0.34841 0.013 0.0022 <0.0001
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rs6920309 T C 0.54453 -0.0215 0.0023 <0.0001
rs704 A G 0.52631 0.0182 0.0022 <0.0001
rs7096937 C T 0.73889 -0.021 0.0024 <0.0001
rs71628040 C T 0.05571 -0.0306 0.0051 <0.0001
rs72631343 G C 0.19054 -0.027 0.0029 <0.0001
rs72750932 C G 0.13997 0.0197 0.0034 <0.0001
rs73013176 C T 0.01162 -0.1811 0.0112 <0.0001
rs73034893 T C 0.06938 0.0273 0.0047 <0.0001
rs7412 T C 0.07312 -0.477 0.004 <0.0001
rs75331444 A G 0.05496 -0.0978 0.0047 <0.0001
rs75460349 C A 0.02368 0.058 0.0079 <0.0001
rs7551451 G A 0.20224 -0.0167 0.0026 <0.0001
rs7569317 C T 0.57058 0.0178 0.0022 <0.0001
rs7601939 T G 0.1774 0.0188 0.0028 <0.0001
rs7709540 C T 0.50592 0.0187 0.0021 <0.0001
rs77542162 G A 0.023 0.1306 0.0079 <0.0001
rs77960347 G A 0.01348 0.0711 0.0102 <0.0001
rs79120103 G A 0.03129 -0.0379 0.0068 <0.0001
rs7952602 C G 0.17473 0.0356 0.0028 <0.0001
rs80276949 A G 0.0231 0.0456 0.0079 <0.0001
rs836550 G A 0.4079 0.0137 0.0024 <0.0001
rs907867 G T 0.44166 -0.0173 0.0021 <0.0001
rs9376090 C T 0.27411 -0.0144 0.0024 <0.0001
rs9411465 A G 0.05685 0.0346 0.0049 <0.0001
rs9438909 C T 0.51742 0.0237 0.0021 <0.0001
rs964184 C G 0.84202 -0.0381 0.0029 <0.0001
rs9844432 G C 0.08231 -0.0313 0.0043 <0.0001
rs9884390 C T 0.2365 0.0252 0.0028 <0.0001
rs9894946 G A 0.86616 -0.0185 0.0032 <0.0001
rs9982111 A G 0.55439 0.0118 0.0021 <0.0001
rs9987289 G A 0.92252 0.0437 0.004 <0.0001
rs998974 C T 0.37043 0.0127 0.0022 <0.0001

Table S5. Instruments used in the Mendelian randomization analysis of HbA1c
MarkerName effect_allele other_allele eaf beta standard error p value
rs10053046 G A NA 0.01702 0.00217 <0.0001
rs1005752 A C NA 0.03053 0.00224 <0.0001
rs10228066 T C NA 0.02662 0.00202 <0.0001
rs10401969 C T NA 0.02085 0.00379 <0.0001
rs10407429 A G NA -0.0254 0.00203 <0.0001
rs10492373 A G NA -0.0253 0.00253 <0.0001
rs10501320 C G NA -0.0265 0.00228 <0.0001
rs10752943 T C NA -0.017 0.00204 <0.0001
rs10758593 A G NA 0.01615 0.00205 <0.0001
rs10811660 A G NA -0.0544 0.00265 <0.0001
rs10830963 G C NA 0.06241 0.00225 <0.0001
rs10841518 G C NA 0.01366 0.00241 <0.0001
rs10841891 G T NA -0.0147 0.00238 <0.0001
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rs10886280 T C NA -0.0132 0.00219 <0.0001
rs10888260 C T NA 0.02049 0.00329 <0.0001
rs10890181 T C NA 0.01194 0.00202 <0.0001
rs10910045 G A NA -0.0124 0.00206 <0.0001
rs10916610 T C NA -0.0121 0.00222 <0.0001
rs10998673 C G NA 0.05745 0.00455 <0.0001
rs11042852 G A NA 0.0407 0.0036 <0.0001
rs11065979 T C NA -0.029 0.00204 <0.0001
rs11070339 G A NA 0.01564 0.00205 <0.0001
rs1108646 G A NA -0.0328 0.00219 <0.0001
rs11120149 T G NA -0.017 0.00227 <0.0001
rs111333451 A G NA 0.02921 0.00345 <0.0001
rs11149059 C T NA -0.014 0.0024 <0.0001
rs111492193 T C NA -0.0353 0.00273 <0.0001
rs111559769 C T NA 0.0206 0.00262 <0.0001
rs111631066 A G NA -0.076 0.00842 <0.0001
rs11166447 C T NA -0.0128 0.00211 <0.0001
rs111754661 C T NA -0.047 0.00372 <0.0001
rs1121980 A G NA 0.0221 0.00204 <0.0001
rs112270735 G A NA 0.02042 0.00288 <0.0001
rs112381655 A T NA 0.03162 0.00576 <0.0001
rs11257655 T C NA 0.03857 0.00251 <0.0001
rs11258437 T C NA 0.01167 0.00204 <0.0001
rs112750178 C T NA 0.01639 0.00238 <0.0001
rs112784971 T C NA 0.03032 0.00486 <0.0001
rs113582976 T G NA -0.0147 0.0026 <0.0001
rs113902512 A G NA -0.0155 0.00271 <0.0001
rs11512059 T C NA 0.02883 0.00367 <0.0001
rs115340137 C T NA -0.1453 0.01072 <0.0001
rs1154514 T C NA 0.01434 0.00201 <0.0001
rs11564725 T C NA 0.02511 0.00239 <0.0001
rs115730158 A G NA 0.02497 0.00425 <0.0001
rs1159619 A C NA 0.01939 0.00202 <0.0001
rs11598987 G C NA 0.01294 0.00205 <0.0001
rs11602873 T A NA -0.0366 0.00276 <0.0001
rs11616380 T G NA -0.0195 0.00223 <0.0001
rs1166698 A G NA -0.0179 0.00246 <0.0001
rs11708067 G A NA -0.0533 0.00234 <0.0001
rs117276569 T C NA -0.0425 0.00748 <0.0001
rs117370443 C T NA 0.05444 0.0052 <0.0001
rs117447349 A G NA -0.2193 0.00879 <0.0001
rs1175550 G A NA -0.0423 0.00243 <0.0001
rs11762803 G A NA -0.0143 0.00241 <0.0001
rs117709065 T C NA -0.0827 0.00799 <0.0001
rs117783723 C T NA 0.02373 0.00433 <0.0001
rs117861560 T G NA 0.01284 0.00213 <0.0001
rs11917973 T C NA -0.0132 0.00203 <0.0001
rs11926854 C T NA -0.0369 0.00541 <0.0001
rs1193851 G C NA 0.01261 0.00211 <0.0001
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rs12035330 G A NA 0.02273 0.00231 <0.0001
rs12040433 G A NA -0.0126 0.00213 <0.0001
rs12365580 A G NA -0.0363 0.00283 <0.0001
rs12459419 T C NA -0.0257 0.00214 <0.0001
rs12466687 C A NA -0.0215 0.00317 <0.0001
rs12493136 A G NA 0.02581 0.00273 <0.0001
rs1259180 C T NA -0.0121 0.00206 <0.0001
rs12607898 G A NA 0.02536 0.00231 <0.0001
rs12645001 A G NA -0.0138 0.00211 <0.0001
rs12650788 A G NA 0.0122 0.00207 <0.0001
rs12712928 C G NA 0.0294 0.00271 <0.0001
rs12813389 T A NA 0.01255 0.00202 <0.0001
rs12876143 C T NA 0.07752 0.00353 <0.0001
rs12943904 C G NA -0.0147 0.0022 <0.0001
rs13019832 A G NA -0.0225 0.00205 <0.0001
rs13059110 T G NA 0.0201 0.00299 <0.0001
rs13167071 C G NA 0.01993 0.0021 <0.0001
rs13170854 C A NA -0.0129 0.00213 <0.0001
rs13192435 C T NA 0.04735 0.00642 <0.0001
rs13233631 G A NA -0.0163 0.00203 <0.0001
rs13248311 A C NA -0.0114 0.00208 <0.0001
rs13266634 T C NA -0.0544 0.00218 <0.0001
rs13272050 T C NA -0.0207 0.00268 <0.0001
rs13383320 A C NA -0.0121 0.00206 <0.0001
rs138409370 T A NA 0.02853 0.00316 <0.0001
rs138599549 T G NA -0.0597 0.00944 <0.0001
rs1399627 G A NA 0.02213 0.00212 <0.0001
rs141192775 T C NA -0.0386 0.00609 <0.0001
rs142235947 A G NA -0.0623 0.00935 <0.0001
rs142394825 C G NA -0.0892 0.00897 <0.0001
rs1427297 T C NA -0.0137 0.00216 <0.0001
rs144155527 T C NA -0.0476 0.00754 <0.0001
rs144489757 G C NA -0.0169 0.00223 <0.0001
rs144993543 C T NA 0.07327 0.0108 <0.0001
rs145173553 T G NA 0.01273 0.00207 <0.0001
rs145381182 A G NA 0.01973 0.00355 <0.0001
rs145496147 T C NA -0.074 0.00935 <0.0001
rs147208676 T C NA 0.02381 0.0037 <0.0001
rs147558893 C T NA 0.04301 0.0067 <0.0001
rs147730268 T G NA -0.0268 0.00363 <0.0001
rs148407308 T C NA 0.02867 0.00472 <0.0001
rs148570357 T C NA -0.0233 0.00222 <0.0001
rs1496653 G A NA -0.0206 0.00249 <0.0001
rs150025254 T C NA -0.1557 0.00606 <0.0001
rs1531583 T G NA 0.03504 0.0052 <0.0001
rs1535464 A G NA -0.0222 0.00233 <0.0001
rs1550026 T A NA 0.02095 0.00205 <0.0001
rs1562397 A G NA 0.01397 0.00217 <0.0001
rs156265 G C NA -0.0164 0.00287 <0.0001
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rs1569780 C A NA -0.0185 0.00207 <0.0001
rs1570360 G A NA 0.01785 0.00214 <0.0001
rs1579238 G A NA -0.0212 0.00236 <0.0001
rs1604038 T C NA -0.0412 0.00223 <0.0001
rs1641523 T C NA -0.0276 0.00205 <0.0001
rs16856859 G A NA 0.02906 0.00205 <0.0001
rs16873415 G A NA -0.0115 0.00206 <0.0001
rs1705263 A C NA -0.0137 0.00203 <0.0001
rs1707731 C T NA -0.0129 0.00214 <0.0001
rs17168486 T C NA 0.02948 0.00267 <0.0001
rs17419291 C T NA -0.0199 0.00357 <0.0001
rs17430251 G A NA 0.02416 0.00308 <0.0001
rs17447545 G A NA -0.0205 0.00253 <0.0001
rs174559 A G NA -0.0267 0.00224 <0.0001
rs17561351 G A NA 0.03212 0.00414 <0.0001
rs17698176 G T NA 0.0213 0.00242 <0.0001
rs1774217 G A NA 0.01191 0.00203 <0.0001
rs17850433 C T NA 0.09651 0.00917 <0.0001
rs1800562 A G NA -0.1254 0.00375 <0.0001
rs1822534 G A NA -0.0408 0.00207 <0.0001
rs184458383 T C NA -0.0245 0.00377 <0.0001
rs1866476 C T NA -0.0193 0.00227 <0.0001
rs1891058 A G NA 0.0174 0.00207 <0.0001
rs190003288 G A NA 0.05578 0.00687 <0.0001
rs191358944 T C NA -0.338 0.00881 <0.0001
rs1965794 T G NA -0.0209 0.0035 <0.0001
rs1967604 G A NA -0.0292 0.00223 <0.0001
rs1975283 C A NA -0.0231 0.00218 <0.0001
rs1981767 A G NA 0.01962 0.00226 <0.0001
rs2044960 T C NA -0.0138 0.00239 <0.0001
rs2060779 A G NA -0.0275 0.00244 <0.0001
rs2060985 G A NA -0.015 0.00202 <0.0001
rs2068888 A G NA -0.0178 0.00205 <0.0001
rs2073040 G A NA 0.01442 0.00211 <0.0001
rs2143918 C A NA -0.0275 0.00202 <0.0001
rs216195 G T NA 0.01792 0.0022 <0.0001
rs2175756 C G NA 0.0146 0.00212 <0.0001
rs2236497 C T NA -0.0249 0.00248 <0.0001
rs2237895 C A NA 0.02708 0.00204 <0.0001
rs2248369 A G NA 0.02004 0.00212 <0.0001
rs2258238 T A NA 0.03346 0.00329 <0.0001
rs2267716 C T NA -0.0148 0.00238 <0.0001
rs2270927 G C NA 0.02937 0.00344 <0.0001
rs2285005 A G NA 0.02604 0.00212 <0.0001
rs2292662 T C NA -0.0168 0.00284 <0.0001
rs246232 G C NA 0.01678 0.00218 <0.0001
rs2478025 C G NA 0.02648 0.00268 <0.0001
rs247826 T C NA 0.02611 0.00242 <0.0001
rs2512539 T G NA -0.0212 0.00292 <0.0001
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rs2540156 G C NA 0.0205 0.00354 <0.0001
rs2546197 G T NA 0.02183 0.00377 <0.0001
rs255154 C T NA 0.01243 0.00204 <0.0001
rs2595701 G A NA -0.0209 0.00217 <0.0001
rs2658747 G A NA 0.0171 0.00207 <0.0001
rs2665357 C A NA 0.01709 0.00202 <0.0001
rs267738 G T NA -0.0249 0.00243 <0.0001
rs2726032 C T NA 0.01389 0.00203 <0.0001
rs2737263 T G NA -0.0239 0.00223 <0.0001
rs2771425 G A NA -0.0126 0.00208 <0.0001
rs2793003 C T NA 0.02028 0.00286 <0.0001
rs2796441 A G NA -0.0131 0.00204 <0.0001
rs28421305 A G NA 0.02325 0.00226 <0.0001
rs2858010 C T NA -0.0256 0.00213 <0.0001
rs28641468 C T NA 0.03536 0.00234 <0.0001
rs28690107 C G NA -0.0195 0.00243 <0.0001
rs28794650 A C NA 0.01827 0.00205 <0.0001
rs2920880 T C NA 0.01186 0.00206 <0.0001
rs2927328 C T NA -0.0133 0.00213 <0.0001
rs2954031 T G NA 0.02005 0.00203 <0.0001
rs2959356 G A NA 0.01339 0.0022 <0.0001
rs2978457 C T NA 0.01678 0.00202 <0.0001
rs332123 G C NA 0.01114 0.00204 <0.0001
rs34079969 A C NA 0.01729 0.00312 <0.0001
rs340882 G C NA 0.03483 0.00209 <0.0001
rs34165383 G C NA -0.021 0.00343 <0.0001
rs34831382 G A NA -0.0188 0.00341 <0.0001
rs348330 A G NA -0.0219 0.0021 <0.0001
rs351978 G A NA -0.0151 0.00207 <0.0001
rs35303761 G A NA 0.0195 0.00235 <0.0001
rs35365035 C T NA 0.04661 0.00206 <0.0001
rs35678857 A C NA -0.013 0.00211 <0.0001
rs35824917 T A NA -0.0196 0.00339 <0.0001
rs35889227 T G NA -0.0201 0.00209 <0.0001
rs35895680 A C NA -0.0139 0.00217 <0.0001
rs35958372 C T NA -0.014 0.00249 <0.0001
rs368865 G A NA 0.03027 0.00225 <0.0001
rs3731197 T C NA 0.01322 0.00208 <0.0001
rs3741414 T C NA -0.0184 0.00234 <0.0001
rs3748059 G A NA -0.0225 0.00252 <0.0001
rs3757970 G A NA 0.01841 0.00207 <0.0001
rs3758725 G C NA 0.01405 0.0023 <0.0001
rs3793342 A G NA -0.0165 0.00288 <0.0001
rs3810027 G C NA 0.01428 0.00213 <0.0001
rs3811444 T C NA 0.02454 0.00214 <0.0001
rs3827181 T C NA 0.01767 0.00211 <0.0001
rs3845724 G A NA 0.01911 0.00205 <0.0001
rs3847378 G A NA -0.0179 0.00231 <0.0001
rs3918296 G C NA -0.0471 0.00634 <0.0001
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rs41273438 G A NA 0.04178 0.00505 <0.0001
rs41295942 T C NA -0.0375 0.00585 <0.0001
rs4234731 G A NA 0.01761 0.00206 <0.0001
rs4238013 T C NA -0.0187 0.00253 <0.0001
rs4239217 A G NA -0.0196 0.00207 <0.0001
rs4261754 T C NA -0.015 0.00224 <0.0001
rs4368494 A G NA -0.018 0.00223 <0.0001
rs4382717 T C NA -0.0115 0.00211 <0.0001
rs4485355 T C NA 0.02642 0.00223 <0.0001
rs4499344 A G NA -0.0295 0.00221 <0.0001
rs4509 A G NA -0.0132 0.0021 <0.0001
rs4516170 C T NA -0.0489 0.00459 <0.0001
rs45607834 T C NA 0.02118 0.00332 <0.0001
rs4660342 G T NA 0.01908 0.0022 <0.0001
rs4687680 A G NA 0.01355 0.00211 <0.0001
rs4713573 C A NA 0.01887 0.00223 <0.0001
rs4737010 A G NA 0.0793 0.00241 <0.0001
rs4760682 A C NA 0.07713 0.00258 <0.0001
rs4804023 A T NA 0.01616 0.00223 <0.0001
rs4808072 C T NA 0.01391 0.00204 <0.0001
rs4809330 G A NA 0.01561 0.00213 <0.0001
rs4809556 A G NA -0.0158 0.00205 <0.0001
rs4837345 T C NA -0.0197 0.00218 <0.0001
rs4910498 T A NA -0.0323 0.0021 <0.0001
rs4911256 G A NA 0.01376 0.00203 <0.0001
rs4945829 C T NA 0.01297 0.00213 <0.0001
rs4947490 G A NA 0.01538 0.00216 <0.0001
rs4985996 T C NA -0.0204 0.00212 <0.0001
rs504348 G C NA 0.01716 0.00269 <0.0001
rs521048 G A NA -0.019 0.00229 <0.0001
rs550057 T C NA 0.04661 0.00231 <0.0001
rs551118 G C NA 0.05683 0.00207 <0.0001
rs55770587 T C NA -0.0454 0.00502 <0.0001
rs55881843 A G NA -0.0312 0.00292 <0.0001
rs56395926 A G NA -0.0149 0.0024 <0.0001
rs56777435 G A NA 0.03552 0.00598 <0.0001
rs57060554 G A NA -0.0147 0.0023 <0.0001
rs57625745 C T NA 0.01922 0.00284 <0.0001
rs57696714 C T NA -0.0624 0.00327 <0.0001
rs57787629 C T NA 0.01483 0.00222 <0.0001
rs57891429 C T NA 0.01763 0.00299 <0.0001
rs58310247 T G NA 0.01344 0.00246 <0.0001
rs59034241 T G NA 0.01467 0.00204 <0.0001
rs592423 C A NA -0.021 0.00202 <0.0001
rs59791349 T C NA -0.0186 0.00224 <0.0001
rs6014993 G A NA 0.02767 0.00202 <0.0001
rs603923 A G NA 0.02155 0.00318 <0.0001
rs60426421 A G NA -0.0174 0.00271 <0.0001
rs6045615 C A NA -0.0158 0.00216 <0.0001
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rs6077396 A G NA -0.0199 0.00201 <0.0001
rs60833263 A G NA 0.01878 0.00203 <0.0001
rs61138219 T C NA -0.0205 0.0028 <0.0001
rs61750929 T C NA -0.1037 0.00442 <0.0001
rs61850681 A G NA -0.0342 0.0024 <0.0001
rs61944004 A G NA 0.03383 0.00244 <0.0001
rs61963209 A G NA -0.0139 0.00251 <0.0001
rs62036942 C T NA 0.01684 0.00292 <0.0001
rs62132522 C T NA -0.0131 0.00205 <0.0001
rs62246446 G C NA -0.0199 0.00264 <0.0001
rs62466318 T C NA 0.01381 0.00251 <0.0001
rs62585575 T C NA 0.02403 0.00433 <0.0001
rs636089 C T NA 0.01551 0.00207 <0.0001
rs6445826 C T NA 0.01177 0.00206 <0.0001
rs6518681 G A NA 0.03641 0.00349 <0.0001
rs6583177 G T NA 0.01117 0.00201 <0.0001
rs6584535 C T NA 0.01397 0.00248 <0.0001
rs6589939 G A NA 0.01775 0.00208 <0.0001
rs66593272 T A NA -0.133 0.00529 <0.0001
rs67131976 T C NA 0.04753 0.00266 <0.0001
rs6720896 C T NA -0.013 0.00227 <0.0001
rs6726007 T A NA -0.0145 0.00203 <0.0001
rs6736362 T C NA 0.01795 0.00204 <0.0001
rs6777684 G A NA 0.02461 0.00207 <0.0001
rs6780171 A T NA 0.02199 0.00218 <0.0001
rs6785881 T C NA -0.0201 0.00202 <0.0001
rs67882627 T A NA 0.0386 0.00268 <0.0001
rs6804686 C G NA 0.01364 0.00203 <0.0001
rs6840504 T C NA 0.01619 0.00203 <0.0001
rs6844176 C T NA 0.01147 0.00203 <0.0001
rs6885132 G C NA -0.0338 0.00341 <0.0001
rs6893283 T C NA -0.0607 0.00839 <0.0001
rs7025532 C T NA 0.03618 0.00252 <0.0001
rs7124355 G A NA -0.0198 0.00216 <0.0001
rs7126413 G A NA 0.01164 0.00208 <0.0001
rs71313931 G C NA 0.01573 0.00223 <0.0001
rs7151822 C T NA -0.0222 0.00234 <0.0001
rs71603867 T C NA 0.02255 0.00313 <0.0001
rs7195055 T C NA -0.0535 0.00844 <0.0001
rs72683923 C T NA -0.0489 0.00719 <0.0001
rs72698718 A G NA 0.02484 0.00295 <0.0001
rs72753548 T C NA 0.01285 0.00229 <0.0001
rs72765381 C T NA -0.0157 0.00286 <0.0001
rs72805701 T G NA 0.05808 0.00695 <0.0001
rs72811487 A G NA -0.0559 0.00545 <0.0001
rs72814215 A G NA -0.0598 0.00972 <0.0001
rs72900998 C T NA -0.0346 0.00354 <0.0001
rs72939920 T A NA -0.0256 0.00238 <0.0001
rs72973028 C A NA 0.01705 0.00268 <0.0001
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rs72986458 T A NA 0.01705 0.00245 <0.0001
rs7306544 C T NA 0.02168 0.00331 <0.0001
rs7327432 A T NA 0.02019 0.00368 <0.0001
rs73564493 A G NA -0.0303 0.00389 <0.0001
rs73856768 C T NA -0.0264 0.00375 <0.0001
rs7400121 G A NA 0.0416 0.00276 <0.0001
rs74857652 T C NA 0.0335 0.00547 <0.0001
rs75367758 A G NA -0.0446 0.0047 <0.0001
rs7546390 C T NA 0.02847 0.00349 <0.0001
rs75629141 A T NA -0.0291 0.00268 <0.0001
rs7572278 A T NA 0.02663 0.00251 <0.0001
rs76413056 A G NA 0.02836 0.00495 <0.0001
rs76505278 C T NA -0.0261 0.0033 <0.0001
rs76701589 T G NA 0.01586 0.00279 <0.0001
rs7679687 T G NA 0.05566 0.00217 <0.0001
rs76827930 C T NA 0.02572 0.00443 <0.0001
rs76895963 G T NA -0.1863 0.0078 <0.0001
rs7720275 C T NA 0.02454 0.00267 <0.0001
rs7732130 A G NA -0.0265 0.00216 <0.0001
rs7798364 A G NA -0.0147 0.00248 <0.0001
rs7844805 G C NA -0.0237 0.00218 <0.0001
rs78588343 A G NA -0.0342 0.00262 <0.0001
rs7903146 T C NA 0.07402 0.00224 <0.0001
rs79121130 T C NA 0.03793 0.00275 <0.0001
rs79221399 A C NA -0.0314 0.00368 <0.0001
rs7923837 A G NA -0.0288 0.0021 <0.0001
rs79514927 G A NA 0.0275 0.00496 <0.0001
rs797399 G A NA -0.0151 0.00228 <0.0001
rs79755767 A G NA -0.0339 0.00339 <0.0001
rs8006908 G A NA 0.01243 0.00202 <0.0001
rs8013143 G A NA 0.01952 0.00224 <0.0001
rs8050500 C T NA -0.0262 0.00202 <0.0001
rs8069197 T C NA -0.0183 0.00235 <0.0001
rs8078338 G A NA -0.0215 0.00202 <0.0001
rs8110787 T C NA -0.0231 0.00206 <0.0001
rs8176059 A G NA -0.0683 0.00955 <0.0001
rs838717 A G NA 0.01568 0.00204 <0.0001
rs849142 C T NA -0.0266 0.00201 <0.0001
rs853773 G A NA 0.07029 0.00206 <0.0001
rs855791 G A NA -0.0633 0.00203 <0.0001
rs857725 G T NA 0.07782 0.00228 <0.0001
rs878521 A G NA 0.08542 0.00232 <0.0001
rs8887 C T NA -0.0119 0.00205 <0.0001
rs918739 T G NA -0.0221 0.00215 <0.0001
rs9273368 A G NA 0.03025 0.00219 <0.0001
rs9302377 T C NA 0.0158 0.00213 <0.0001
rs9303620 C T NA -0.028 0.00225 <0.0001
rs9314323 G A NA 0.01255 0.00221 <0.0001
rs9320429 G T NA 0.01331 0.00207 <0.0001
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rs9323450 G A NA 0.01333 0.00212 <0.0001
rs9376091 T C NA -0.0395 0.0023 <0.0001
rs9398642 T C NA -0.0179 0.00286 <0.0001
rs9423289 T C NA 0.01533 0.00206 <0.0001
rs9479509 A G NA 0.01387 0.00223 <0.0001
rs9494600 C T NA -0.0117 0.00211 <0.0001
rs9892222 C T NA 0.0299 0.00378 <0.0001
rs998584 A C NA 0.0219 0.00202 <0.0001
rs9994509 G A NA -0.0199 0.00207 <0.0001

Table S6. Instruments used in the Mendelian randomization analysis of the smoking index
MarkerName effect_allele other_allele eaf beta standard error p value
rs10173733 C G 0.40302 -0.0065 0.00118 <0.0001
rs10193706 C A 0.52527 -0.0118 0.00117 <0.0001
rs10233018 G A 0.50419 -0.0077 0.00116 <0.0001
rs10274594 G T 0.49589 0.00783 0.00117 <0.0001
rs1029986 T C 0.58492 -0.007 0.0012 <0.0001
rs10774625 G A 0.50415 0.00749 0.00116 <0.0001
rs10813628 C T 0.51513 -0.0069 0.00117 <0.0001
rs10897561 C T 0.35646 -0.0067 0.00122 <0.0001
rs10905461 C T 0.74419 0.00727 0.00133 <0.0001
rs10914684 A G 0.32398 0.00774 0.00124 <0.0001
rs10956808 G T 0.42225 0.00762 0.00118 <0.0001
rs11103667 T C 0.19203 -0.0086 0.00149 <0.0001
rs11127913 C T 0.39018 0.00818 0.00119 <0.0001
rs11611651 A G 0.08771 -0.012 0.00205 <0.0001
rs11631530 T C 0.11806 -0.01 0.0018 <0.0001
rs11646575 A G 0.43874 -0.0082 0.00117 <0.0001
rs11693702 A T 0.46635 -0.008 0.00117 <0.0001
rs117435980 C G 0.16339 -0.0092 0.00157 <0.0001
rs12042107 C T 0.54986 0.00718 0.00117 <0.0001
rs12244388 A G 0.3363 -0.0104 0.00123 <0.0001
rs12450028 T C 0.34473 -0.0071 0.00122 <0.0001
rs12479064 T C 0.2083 -0.008 0.00147 <0.0001
rs12487411 A G 0.47206 0.0075 0.00117 <0.0001
rs12608052 T C 0.51967 0.00675 0.00116 <0.0001
rs12725407 C G 0.19104 0.00814 0.00148 <0.0001
rs12886628 C G 0.66462 -0.0071 0.00123 <0.0001
rs12910916 T C 0.21213 -0.009 0.00142 <0.0001
rs1492546 G C 0.55039 -0.0069 0.00117 <0.0001
rs1499982 T C 0.85128 -0.0115 0.00164 <0.0001
rs1549213 C G 0.64145 0.00853 0.00121 <0.0001
rs1561195 A C 0.52267 -0.0079 0.00119 <0.0001
rs1565735 A T 0.20157 0.01159 0.00146 <0.0001
rs16951001 T G 0.4186 -0.0066 0.00118 <0.0001
rs17003752 G A 0.13869 0.00986 0.0017 <0.0001
rs17151637 T C 0.28124 0.00751 0.00129 <0.0001
rs1899896 T C 0.29758 -0.008 0.00127 <0.0001
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rs2240294 A T 0.44369 0.00696 0.00117 <0.0001
rs2416770 T C 0.53106 -0.0065 0.00117 <0.0001
rs264974 A T 0.48628 0.00931 0.00116 <0.0001
rs2675609 C T 0.62749 0.00816 0.00121 <0.0001
rs2797116 C T 0.2672 0.00791 0.00131 <0.0001
rs2867749 A C 0.31885 0.00694 0.00125 <0.0001
rs299688 T G 0.71584 -0.0073 0.00131 <0.0001
rs326341 A G 0.47601 0.00658 0.00117 <0.0001
rs35891966 A G 0.07211 0.01478 0.00224 <0.0001
rs379525 T C 0.48132 -0.0065 0.00119 <0.0001
rs42417 T C 0.69019 -0.007 0.00126 <0.0001
rs4566215 C A 0.53263 0.00662 0.00117 <0.0001
rs4910656 C T 0.34157 0.00684 0.00123 <0.0001
rs4957528 C A 0.79196 -0.0085 0.00145 <0.0001
rs523528 T C 0.58572 0.00807 0.00119 <0.0001
rs528301 A G 0.55203 -0.0086 0.00117 <0.0001
rs55921136 C T 0.20309 0.0086 0.00145 <0.0001
rs568599 C G 0.5428 -0.0067 0.00116 <0.0001
rs6141314 A G 0.24247 -0.0081 0.00136 <0.0001
rs6265 T C 0.18869 0.01016 0.00148 <0.0001
rs6433897 C T 0.73667 -0.0072 0.00132 <0.0001
rs6676022 T C 0.12162 0.01159 0.00178 <0.0001
rs6690680 C T 0.15777 0.00884 0.0016 <0.0001
rs6828849 T A 0.41741 0.00671 0.00118 <0.0001
rs72505558 G A 0.39864 0.00674 0.00119 <0.0001
rs72678864 A G 0.17383 0.00975 0.00153 <0.0001
rs7333559 A G 0.79032 0.00805 0.00144 <0.0001
rs7451586 G C 0.4048 -0.0067 0.0012 <0.0001
rs748828 T C 0.2831 0.00862 0.00129 <0.0001
rs7528604 A G 0.43329 0.00687 0.00118 <0.0001
rs7567570 C T 0.82691 -0.0091 0.00153 <0.0001
rs763053 C T 0.22457 0.00806 0.0014 <0.0001
rs76608582 A C 0.04771 0.01829 0.00286 <0.0001
rs772921 T C 0.34311 0.00727 0.00122 <0.0001
rs77878475 A T 0.08583 0.0126 0.00215 <0.0001
rs7870475 C T 0.47429 -0.0072 0.00116 <0.0001
rs7948789 G A 0.38609 -0.0162 0.0012 <0.0001
rs883403 C T 0.15412 0.00942 0.00161 <0.0001
rs9375371 A G 0.26887 -0.0074 0.00131 <0.0001
rs9381917 A G 0.10209 0.01126 0.00192 <0.0001
rs9423279 G C 0.65667 0.00767 0.00125 <0.0001
rs9487626 T C 0.81778 0.0131 0.0015 <0.0001

Table S7. Instruments used in the Mendelian randomization analysis of BMI
MarkerName effect_allele other_allele eaf beta standard error p value
rs10018743 A G 0.4855 0.0154 0.002 <0.0001
rs1002226 T C 0.62158 0.0135 0.0019 <0.0001
rs10084743 G A 0.39663 0.0122 0.002 <0.0001
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rs10091265 G C 0.55212 -0.0159 0.002 <0.0001
rs10139547 A G 0.26847 0.0127 0.0022 <0.0001
rs10172070 T C 0.15119 0.0168 0.0026 <0.0001
rs10206023 C G 0.27988 -0.0136 0.0022 <0.0001
rs10236214 T C 0.74885 0.0153 0.0024 <0.0001
rs1026534 C G 0.53686 0.0204 0.0019 <0.0001
rs1030049 G A 0.30758 0.0131 0.0021 <0.0001
rs10403370 A G 0.15603 -0.0156 0.0027 <0.0001
rs10404726 T C 0.61072 -0.0189 0.0022 <0.0001
rs10464757 C G 0.46535 0.0115 0.0019 <0.0001
rs1048932 A C 0.45991 -0.0165 0.0019 <0.0001
rs10492229 T C 0.16714 0.0149 0.0027 <0.0001
rs10507483 C T 0.11863 0.0184 0.003 <0.0001
rs10752651 T C 0.47071 0.0129 0.0019 <0.0001
rs10769931 C T 0.56439 0.0174 0.002 <0.0001
rs10771041 T C 0.30166 0.0168 0.0025 <0.0001
rs10798886 G A 0.53045 0.0135 0.002 <0.0001
rs10811662 A G 0.25482 0.0201 0.0022 <0.0001
rs10824211 T C 0.12394 0.0168 0.0029 <0.0001
rs10835488 A C 0.11985 -0.0171 0.0029 <0.0001
rs10852374 C G 0.76696 -0.0143 0.0023 <0.0001
rs10865612 C T 0.46899 -0.0173 0.002 <0.0001
rs10883553 A C 0.33249 0.0143 0.0022 <0.0001
rs10887578 C G 0.44789 0.0106 0.0019 <0.0001
rs10894670 A C 0.63143 -0.0114 0.002 <0.0001
rs10938397 G A 0.39221 0.0289 0.0019 <0.0001
rs10941611 C T 0.67467 0.0162 0.0025 <0.0001
rs10954772 C T 0.76168 -0.0187 0.0023 <0.0001
rs10962552 T C 0.21178 0.0223 0.0023 <0.0001
rs11001963 T C 0.50991 0.0121 0.0019 <0.0001
rs1100237 C T 0.67475 -0.0118 0.0022 <0.0001
rs11012732 G A 0.22863 0.0227 0.0025 <0.0001
rs11055888 G A 0.20047 -0.0161 0.0029 <0.0001
rs11076153 C T 0.16668 0.0153 0.0025 <0.0001
rs11137826 T G 0.50855 -0.0112 0.0019 <0.0001
rs11150745 G A 0.32415 -0.0161 0.002 <0.0001
rs11164849 C A 0.55771 -0.0113 0.002 <0.0001
rs111909661 C G 0.17295 0.0179 0.0026 <0.0001
rs11264489 G A 0.45403 0.0114 0.002 <0.0001
rs113728099 A G 0.01747 -0.0706 0.0075 <0.0001
rs11525873 C T 0.17969 -0.0165 0.0025 <0.0001
rs1154988 A T 0.78797 0.0173 0.0023 <0.0001
rs11639144 A G 0.18406 -0.0151 0.0025 <0.0001
rs116394958 T C 0.20857 0.0159 0.0024 <0.0001
rs11642015 T C 0.3399 0.074 0.002 <0.0001
rs11652025 G T 0.42995 0.0125 0.0021 <0.0001
rs11653258 T G 0.23154 -0.0155 0.0028 <0.0001
rs11655587 T C 0.29935 -0.0185 0.0021 <0.0001
rs117342986 T C 0.02667 0.0424 0.0076 <0.0001
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rs11741307 G T 0.14905 -0.0189 0.003 <0.0001
rs11757278 C T 0.37015 -0.0121 0.002 <0.0001
rs11782074 T G 0.30871 0.017 0.0022 <0.0001
rs11851122 G A 0.61086 0.0188 0.002 <0.0001
rs11857221 A C 0.41556 0.0143 0.0019 <0.0001
rs11907932 G A 0.35139 -0.0193 0.002 <0.0001
rs11979174 C G 0.19709 -0.0166 0.0024 <0.0001
rs11986009 T G 0.34698 -0.0172 0.002 <0.0001
rs12024554 T C 0.36653 -0.0122 0.0021 <0.0001
rs12042959 G A 0.12206 -0.0186 0.0029 <0.0001
rs12044012 A G 0.27786 -0.0122 0.0021 <0.0001
rs12121950 T G 0.42865 0.0184 0.002 <0.0001
rs12140153 T G 0.09599 -0.0328 0.0041 <0.0001
rs12144626 C T 0.40834 -0.0171 0.0023 <0.0001
rs12195582 T C 0.45601 -0.0202 0.0032 <0.0001
rs12290350 T C 0.16272 -0.0156 0.0027 <0.0001
rs1229984 C T 0.74811 0.0292 0.0035 <0.0001
rs12331784 A G 0.51991 0.0107 0.0019 <0.0001
rs12357890 G A 0.55887 0.021 0.0024 <0.0001
rs12364470 G T 0.1653 0.0208 0.0031 <0.0001
rs12435171 A G 0.53973 -0.0137 0.0022 <0.0001
rs12440879 A G 0.49506 -0.0123 0.0019 <0.0001
rs12444338 T G 0.43197 -0.0117 0.0019 <0.0001
rs12448257 A G 0.24553 0.0173 0.0022 <0.0001
rs12474491 T A 0.50428 -0.0113 0.0019 <0.0001
rs12479357 G A 0.65847 0.0176 0.002 <0.0001
rs12495519 C T 0.31288 0.0136 0.0021 <0.0001
rs12508307 T C 0.42597 -0.0129 0.002 <0.0001
rs12537134 G A 0.50669 -0.0125 0.0019 <0.0001
rs12553508 T C 0.36712 0.0161 0.002 <0.0001
rs1269175 G A 0.37791 -0.0114 0.002 <0.0001
rs12697021 A G 0.31279 -0.0149 0.002 <0.0001
rs12714415 C T 0.14265 -0.0525 0.0027 <0.0001
rs12888955 A G 0.62111 -0.016 0.0019 <0.0001
rs12920259 A G 0.70603 -0.0135 0.0022 <0.0001
rs12926311 C G 0.2824 -0.0147 0.0022 <0.0001
rs12926311 C G 0.2824 -0.0147 0.0022 <0.0001
rs12937411 T C 0.40998 -0.0176 0.0019 <0.0001
rs12964145 G C 0.72605 -0.0119 0.0021 <0.0001
rs12974458 T C 0.54366 0.0187 0.0023 <0.0001
rs12995314 C T 0.31484 0.0184 0.0025 <0.0001
rs13000361 C T 0.57694 0.0139 0.002 <0.0001
rs13047416 G C 0.48391 -0.0143 0.002 <0.0001
rs13073568 T G 0.57492 -0.019 0.0019 <0.0001
rs13107325 T C 0.07483 0.0493 0.0044 <0.0001
rs13132853 G A 0.36524 -0.0139 0.0024 <0.0001
rs13156484 A G 0.48746 -0.0163 0.0019 <0.0001
rs13182474 C G 0.2654 -0.0165 0.0022 <0.0001
rs13210756 A T 0.12887 -0.0207 0.0035 <0.0001
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rs13306780 C A 0.57861 -0.0113 0.0021 <0.0001
rs13403962 T C 0.54092 -0.0147 0.0021 <0.0001
rs13419498 A G 0.31746 0.0127 0.0021 <0.0001
rs13427822 G A 0.19838 -0.0198 0.0025 <0.0001
rs1349414 C A 0.20068 0.0164 0.0024 <0.0001
rs1356505 C A 0.446 -0.0148 0.0019 <0.0001
rs138395 T C 0.49207 -0.0108 0.0019 <0.0001
rs138685654 C T 0.13664 0.0248 0.0028 <0.0001
rs1389067 G A 0.71326 0.0136 0.0023 <0.0001
rs142592509 C G 0.0812 -0.0261 0.0044 <0.0001
rs1458913 T A 0.41286 -0.0128 0.0019 <0.0001
rs1470687 G C 0.23473 -0.0147 0.0024 <0.0001
rs147678035 G A 0.15314 0.03 0.0034 <0.0001
rs147730268 T G 0.08865 -0.0357 0.0042 <0.0001
rs1481012 G A 0.16959 -0.0148 0.0025 <0.0001
rs148636479 T A 0.02896 -0.0405 0.0074 <0.0001
rs1544690 C T 0.31397 -0.0155 0.0022 <0.0001
rs1557329 A C 0.82393 -0.0168 0.0025 <0.0001
rs1561073 A T 0.62427 -0.0139 0.0021 <0.0001
rs1576655 C A 0.57286 0.0135 0.0019 <0.0001
rs1599539 A G 0.49053 0.0122 0.0022 <0.0001
rs168083 T G 0.69457 -0.0121 0.0021 <0.0001
rs16846140 G A 0.38248 0.0139 0.0019 <0.0001
rs16906845 A G 0.08527 -0.0184 0.0034 <0.0001
rs1691101 C T 0.47842 0.0103 0.0019 <0.0001
rs17024393 C T 0.02584 0.0635 0.0074 <0.0001
rs1717776 G A 0.35468 -0.0145 0.002 <0.0001
rs17201143 T C 0.35916 -0.0121 0.002 <0.0001
rs17399739 G A 0.07032 0.0236 0.0037 <0.0001
rs17724992 G A 0.32606 -0.0166 0.002 <0.0001
rs17731998 T C 0.21025 0.0142 0.0024 <0.0001
rs17767765 T C 0.47131 -0.0143 0.0019 <0.0001
rs17770336 T C 0.28326 0.0201 0.0021 <0.0001
rs1788808 G A 0.62516 -0.0193 0.0021 <0.0001
rs1799992 C T 0.31564 0.0141 0.0021 <0.0001
rs1861410 T C 0.56678 -0.0203 0.0019 <0.0001
rs1877139 A G 0.06056 -0.0281 0.0049 <0.0001
rs1905505 A G 0.26243 0.0171 0.0021 <0.0001
rs1933437 A G 0.66867 -0.0124 0.002 <0.0001
rs1936433 T C 0.18443 -0.014 0.0024 <0.0001
rs1937433 G C 0.42131 0.0127 0.0021 <0.0001
rs1950436 G A 0.71786 0.0208 0.0021 <0.0001
rs1973993 C T 0.67704 0.0162 0.0021 <0.0001
rs199750218 G T 0.34845 0.0156 0.0024 <0.0001
rs2032912 T G 0.32279 -0.0197 0.0021 <0.0001
rs2046002 C T 0.6635 -0.0119 0.002 <0.0001
rs2048523 A G 0.3609 -0.0125 0.0021 <0.0001
rs2147905 C T 0.50912 0.0136 0.0019 <0.0001
rs215669 A G 0.52317 -0.0142 0.002 <0.0001
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rs2237579 G T 0.44246 0.0115 0.0019 <0.0001
rs2237897 T C 0.37613 0.0422 0.0033 <0.0001
rs2247859 A G 0.37256 0.0139 0.002 <0.0001
rs2254992 T C 0.19349 -0.0141 0.0024 <0.0001
rs227200 C G 0.47818 -0.0135 0.0019 <0.0001
rs2289379 T C 0.32114 -0.0165 0.0021 <0.0001
rs2307111 C T 0.44562 -0.0268 0.0019 <0.0001
rs2322459 G T 0.45277 -0.0132 0.0021 <0.0001
rs236660 C T 0.57107 0.0262 0.0024 <0.0001
rs2413611 A T 0.50866 -0.0122 0.002 <0.0001
rs2429148 G A 0.53993 0.0131 0.0021 <0.0001
rs2450139 A G 0.2486 -0.0126 0.0022 <0.0001
rs2453763 A T 0.52102 0.0118 0.002 <0.0001
rs2454812 T C 0.68152 0.0115 0.0021 <0.0001
rs2455821 A C 0.26819 0.0131 0.0021 <0.0001
rs245775 G A 0.79062 0.0195 0.0024 <0.0001
rs2465054 A G 0.40184 -0.0151 0.0019 <0.0001
rs2482395 A G 0.52321 -0.014 0.0023 <0.0001
rs2489219 A G 0.72911 0.014 0.0021 <0.0001
rs2491864 A G 0.30378 0.0125 0.0021 <0.0001
rs2528787 T C 0.31608 -0.0152 0.0021 <0.0001
rs2579040 A T 0.79689 -0.0153 0.0025 <0.0001
rs2608984 T A 0.21771 0.0136 0.0023 <0.0001
rs2618039 T A 0.39915 0.0131 0.0019 <0.0001
rs2637650 T C 0.17313 0.0162 0.0026 <0.0001
rs2693838 A C 0.49674 -0.0124 0.0019 <0.0001
rs2733289 C T 0.45628 0.0128 0.0019 <0.0001
rs273503 C T 0.42149 0.018 0.0024 <0.0001
rs2759700 C T 0.66669 -0.0114 0.0021 <0.0001
rs2802295 G A 0.66365 0.0175 0.002 <0.0001
rs2820295 A G 0.26593 0.0248 0.0022 <0.0001
rs28350 G A 0.85132 -0.0181 0.0027 <0.0001
rs2861685 C T 0.47955 -0.0144 0.0019 <0.0001
rs28836792 C T 0.15146 0.0179 0.0026 <0.0001
rs2933223 C T 0.47673 0.015 0.0019 <0.0001
rs2952863 G T 0.6141 -0.0137 0.002 <0.0001
rs2977321 T C 0.66751 0.0209 0.002 <0.0001
rs3003614 A G 0.56164 -0.0129 0.0019 <0.0001
rs3098843 G A 0.58542 -0.0186 0.0019 <0.0001
rs329118 T C 0.40385 -0.0176 0.0019 <0.0001
rs329651 T G 0.80357 0.0166 0.0029 <0.0001
rs34298980 C T 0.46748 -0.0214 0.002 <0.0001
rs34361149 A G 0.13656 -0.0309 0.0029 <0.0001
rs34379767 A G 0.26835 -0.036 0.0021 <0.0001
rs34421088 G A 0.35942 -0.0202 0.0022 <0.0001
rs34433316 G A 0.23827 -0.0176 0.0023 <0.0001
rs34607423 C A 0.33798 -0.011 0.002 <0.0001
rs34811474 A G 0.23204 -0.0323 0.0028 <0.0001
rs34916533 A C 0.29674 -0.0167 0.0021 <0.0001
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rs35198068 C T 0.21392 -0.0187 0.0024 <0.0001
rs35364449 T C 0.11145 0.0259 0.0037 <0.0001
rs35537311 T C 0.35391 -0.0118 0.002 <0.0001
rs35851183 G A 0.40746 0.0141 0.0019 <0.0001
rs35957544 T G 0.45972 -0.0166 0.002 <0.0001
rs35991856 A C 0.24046 0.0285 0.0023 <0.0001
rs3732359 A G 0.68808 0.0143 0.0021 <0.0001
rs3740397 C G 0.37642 0.0139 0.0019 <0.0001
rs3784710 C T 0.34831 -0.0233 0.0021 <0.0001
rs3798519 C A 0.21262 0.035 0.0023 <0.0001
rs3808477 T C 0.27871 -0.0172 0.0021 <0.0001
rs3810505 G C 0.35217 0.0119 0.002 <0.0001
rs3853475 C A 0.43749 -0.012 0.0019 <0.0001
rs3931548 A C 0.37786 0.0175 0.0024 <0.0001
rs39330 T A 0.45166 -0.0152 0.0019 <0.0001
rs3943933 A T 0.59687 0.0134 0.0021 <0.0001
rs394608 C T 0.53973 0.0142 0.0019 <0.0001
rs3955162 T C 0.54495 -0.0173 0.002 <0.0001
rs3966782 C T 0.44411 0.0126 0.002 <0.0001
rs4017425 T C 0.53844 -0.012 0.0019 <0.0001
rs408067 G C 0.66538 -0.0139 0.002 <0.0001
rs41129 G T 0.23841 -0.0185 0.0022 <0.0001
rs412378 A G 0.81454 -0.0161 0.0025 <0.0001
rs4261944 G T 0.50373 0.0151 0.0021 <0.0001
rs4402589 G T 0.47852 0.0236 0.0019 <0.0001
rs4405740 C T 0.66326 -0.0181 0.0023 <0.0001
rs4477562 T C 0.15819 0.0279 0.0026 <0.0001
rs452154 G A 0.26287 0.0141 0.0022 <0.0001
rs4543518 G C 0.68066 0.013 0.002 <0.0001
rs45486197 A G 0.06617 0.0267 0.0047 <0.0001
rs4595495 G A 0.30679 0.013 0.0022 <0.0001
rs4657793 A T 0.32326 -0.0149 0.002 <0.0001
rs4670627 T C 0.6474 0.0112 0.0021 <0.0001
rs4710941 T C 0.24917 -0.0253 0.0022 <0.0001
rs4718964 T G 0.50709 0.0134 0.002 <0.0001
rs4790296 C T 0.18941 -0.0242 0.003 <0.0001
rs4795608 G A 0.34864 0.0122 0.002 <0.0001
rs4813800 G A 0.70457 0.0185 0.0021 <0.0001
rs4839716 C T 0.39986 -0.0187 0.0024 <0.0001
rs4851254 G C 0.2358 -0.021 0.0027 <0.0001
rs4860804 C T 0.78458 -0.0169 0.0028 <0.0001
rs4889898 A C 0.35639 -0.0144 0.002 <0.0001
rs4911399 A C 0.60529 0.0128 0.0019 <0.0001
rs4986044 T C 0.51587 -0.0163 0.0019 <0.0001
rs513249 A T 0.20897 0.013 0.0024 <0.0001
rs539515 C A 0.21209 0.0468 0.0023 <0.0001
rs55938344 C A 0.16723 -0.0176 0.0027 <0.0001
rs56161855 T A 0.18112 0.0179 0.0025 <0.0001
rs56211164 A G 0.21295 -0.0132 0.0024 <0.0001
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rs56212061 T C 0.15047 -0.022 0.0033 <0.0001
rs56773984 T A 0.16762 -0.0188 0.0031 <0.0001
rs56803094 G A 0.22633 -0.0159 0.0023 <0.0001
rs57010886 G T 0.13012 0.0247 0.0035 <0.0001
rs57307148 A C 0.21453 0.0236 0.0028 <0.0001
rs57371116 T G 0.19228 0.0225 0.003 <0.0001
rs57590313 A C 0.29048 0.0136 0.0022 <0.0001
rs58243462 C T 0.23131 -0.0161 0.0028 <0.0001
rs58895838 G A 0.20044 -0.0138 0.0024 <0.0001
rs58948644 A G 0.51085 0.012 0.0019 <0.0001
rs59299413 C G 0.21904 -0.0141 0.0023 <0.0001
rs59525802 G A 0.09183 0.019 0.0034 <0.0001
rs6001877 A G 0.38191 -0.0191 0.0019 <0.0001
rs6029180 G A 0.39523 0.0111 0.002 <0.0001
rs6030803 C T 0.1491 -0.0172 0.0026 <0.0001
rs6050446 G A 0.96692 0.0404 0.0066 <0.0001
rs607824 A G 0.53952 -0.0109 0.002 <0.0001
rs61743745 A G 0.03028 -0.042 0.0068 <0.0001
rs61746970 A G 0.03964 0.0345 0.0061 <0.0001
rs61813324 T C 0.13559 0.028 0.0035 <0.0001
rs61826865 A T 0.13924 0.0229 0.0027 <0.0001
rs61876744 C T 0.58645 0.0112 0.0019 <0.0001
rs61903695 G A 0.21143 0.0157 0.0024 <0.0001
rs61991650 G A 0.73272 0.0119 0.0021 <0.0001
rs62009152 C T 0.18066 -0.0185 0.0026 <0.0001
rs62086046 T C 0.36298 0.0195 0.0022 <0.0001
rs62104483 A G 0.25333 0.0202 0.0023 <0.0001
rs62147189 G T 0.62114 -0.016 0.0024 <0.0001
rs62223042 G A 0.33406 0.0117 0.002 <0.0001
rs62242105 A G 0.23729 -0.014 0.0024 <0.0001
rs62290352 A G 0.26544 -0.0127 0.0022 <0.0001
rs6235 G C 0.25268 0.0171 0.0022 <0.0001
rs625652 A T 0.63962 -0.0211 0.0024 <0.0001
rs6441086 A T 0.25998 -0.0136 0.0022 <0.0001
rs6444082 T G 0.27672 -0.0149 0.0021 <0.0001
rs6445264 A G 0.57828 0.0123 0.002 <0.0001
rs6471352 T C 0.56722 0.0124 0.0019 <0.0001
rs6476613 G A 0.33877 -0.0124 0.002 <0.0001
rs6530737 G A 0.7106 -0.015 0.0021 <0.0001
rs6539064 G C 0.28557 -0.0157 0.0021 <0.0001
rs6567160 C T 0.22812 0.0518 0.0022 <0.0001
rs66637616 A T 0.34339 0.0112 0.002 <0.0001
rs6710091 G C 0.3078 -0.0144 0.0021 <0.0001
rs6716898 A G 0.41761 0.0167 0.0019 <0.0001
rs6730142 T C 0.23827 -0.0126 0.0022 <0.0001
rs6741157 T C 0.31312 0.0152 0.0023 <0.0001
rs6749422 G C 0.46756 0.0308 0.0019 <0.0001
rs6754968 A G 0.46719 0.0146 0.002 <0.0001
rs67609008 C T 0.20113 0.0149 0.0025 <0.0001
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rs680071 C T 0.86775 0.016 0.0028 <0.0001
rs6804181 T A 0.19007 -0.0139 0.0024 <0.0001
rs6831020 A C 0.22075 -0.0164 0.0024 <0.0001
rs6905321 A G 0.33243 0.0122 0.0022 <0.0001
rs6909685 T C 0.33155 -0.0126 0.002 <0.0001
rs6915002 C T 0.53041 -0.0109 0.0019 <0.0001
rs6926186 A G 0.77684 -0.0131 0.0024 <0.0001
rs6950442 G A 0.62074 0.015 0.0023 <0.0001
rs699330 T G 0.37997 0.0109 0.0019 <0.0001
rs6993870 C T 0.28206 -0.0124 0.0021 <0.0001
rs7024334 G T 0.66763 -0.0154 0.0021 <0.0001
rs7027304 T C 0.62148 0.0134 0.0019 <0.0001
rs7029718 A G 0.43239 0.0114 0.0019 <0.0001
rs7038943 C T 0.36914 -0.0134 0.002 <0.0001
rs704078 G T 0.08511 0.0219 0.0035 <0.0001
rs705139 A G 0.4569 0.0159 0.0019 <0.0001
rs705705 C G 0.34134 -0.0178 0.0025 <0.0001
rs7085659 T C 0.75213 0.0148 0.0023 <0.0001
rs708921 G C 0.27399 -0.012 0.0021 <0.0001
rs7132908 A G 0.35385 0.0261 0.002 <0.0001
rs7141420 T C 0.46345 0.0172 0.0019 <0.0001
rs71495049 A G 0.11249 0.0193 0.003 <0.0001
rs7161194 G A 0.70601 -0.0143 0.0022 <0.0001
rs7170907 T C 0.37091 -0.0135 0.002 <0.0001
rs7189149 G C 0.11064 0.0167 0.003 <0.0001
rs7219913 G A 0.10583 0.0228 0.0038 <0.0001
rs7238896 G A 0.09833 0.024 0.0033 <0.0001
rs7239114 A G 0.40846 0.0129 0.0021 <0.0001
rs72618637 A T 0.28597 -0.0159 0.0022 <0.0001
rs72634822 T C 0.25438 -0.0214 0.0027 <0.0001
rs72749744 A G 0.07986 -0.0253 0.0035 <0.0001
rs72793818 A G 0.31933 0.0272 0.0021 <0.0001
rs72838588 A G 0.40888 0.0145 0.0019 <0.0001
rs72948836 G A 0.10694 -0.0176 0.0031 <0.0001
rs72976986 A G 0.18974 -0.0237 0.003 <0.0001
rs73026721 T C 0.15661 -0.0216 0.0032 <0.0001
rs7313220 G A 0.56941 -0.0134 0.0019 <0.0001
rs7375701 A G 0.72103 0.0119 0.0021 <0.0001
rs740157 G A 0.58768 -0.0119 0.0019 <0.0001
rs74625348 C G 0.26708 0.0137 0.0022 <0.0001
rs74944897 G T 0.27576 -0.0126 0.0022 <0.0001
rs7498044 A G 0.2192 -0.0179 0.0028 <0.0001
rs750090 C T 0.49092 -0.0138 0.0021 <0.0001
rs7525548 T A 0.41341 -0.0201 0.0022 <0.0001
rs7536458 G T 0.3391 0.0129 0.002 <0.0001
rs754635 G C 0.83146 0.0203 0.0025 <0.0001
rs75500572 A G 0.38631 0.0128 0.0019 <0.0001
rs75557510 G A 0.06064 -0.0344 0.0049 <0.0001
rs7560871 A G 0.0696 0.0278 0.0046 <0.0001
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rs7563480 T C 0.45302 -0.0116 0.002 <0.0001
rs75641275 C A 0.10741 0.0177 0.0031 <0.0001
rs756717 A G 0.36966 -0.0155 0.002 <0.0001
rs7613261 T A 0.17557 0.0225 0.0025 <0.0001
rs76179989 G T 0.1573 0.0168 0.0026 <0.0001
rs7634084 T A 0.40606 0.0271 0.002 <0.0001
rs76632630 G A 0.18532 -0.0145 0.0024 <0.0001
rs7690222 T C 0.16622 -0.0147 0.0026 <0.0001
rs7715256 T G 0.40245 -0.0156 0.0023 <0.0001
rs77165542 T C 0.03544 -0.096 0.0064 <0.0001
rs7720050 G A 0.20506 -0.0159 0.0025 <0.0001
rs7728095 G A 0.32264 0.0152 0.0021 <0.0001
rs7755574 T G 0.37062 0.0172 0.002 <0.0001
rs778100 C A 0.48046 -0.0145 0.0021 <0.0001
rs778433 A G 0.41764 -0.013 0.0019 <0.0001
rs77936594 A G 0.26537 0.0124 0.0022 <0.0001
rs7827419 A G 0.30949 -0.012 0.002 <0.0001
rs7870970 T G 0.46552 0.0112 0.0019 <0.0001
rs78967725 A G 0.13671 0.0186 0.0028 <0.0001
rs7928842 C T 0.37806 0.0243 0.0019 <0.0001
rs79348488 G A 0.27761 -0.0133 0.0021 <0.0001
rs79430301 G C 0.11717 -0.0164 0.003 <0.0001
rs7949071 C T 0.48106 0.0136 0.0019 <0.0001
rs7973540 G A 0.70223 0.0147 0.0026 <0.0001
rs7975187 G A 0.26388 0.0132 0.0021 <0.0001
rs7978353 G A 0.39826 -0.0111 0.0019 <0.0001
rs7990098 G T 0.41369 0.0141 0.0019 <0.0001
rs7992832 T C 0.19997 -0.0196 0.0025 <0.0001
rs8007832 C T 0.36346 -0.0118 0.002 <0.0001
rs80082351 G A 0.06148 -0.0295 0.0049 <0.0001
rs8072058 A T 0.72936 -0.0124 0.0021 <0.0001
rs814697 C G 0.47586 0.011 0.002 <0.0001
rs852042 G A 0.59279 -0.0143 0.0022 <0.0001
rs869400 G T 0.86781 0.0303 0.0029 <0.0001
rs879620 T C 0.52673 0.0242 0.002 <0.0001
rs892761 T G 0.54205 -0.0116 0.0019 <0.0001
rs893006 A C 0.54885 0.0139 0.0022 <0.0001
rs902700 A C 0.14666 0.0153 0.0028 <0.0001
rs9257157 T C 0.25062 -0.0154 0.0022 <0.0001
rs9277988 C T 0.19607 0.0228 0.0029 <0.0001
rs9287838 C G 0.75765 -0.0136 0.0023 <0.0001
rs935166 A G 0.4111 -0.0162 0.002 <0.0001
rs9366639 G C 0.14067 -0.0169 0.0028 <0.0001
rs9368828 T A 0.66163 -0.0308 0.0025 <0.0001
rs94398 C G 0.48823 0.0105 0.0019 <0.0001
rs9463175 T C 0.28657 -0.013 0.0021 <0.0001
rs947612 A G 0.58082 -0.014 0.0022 <0.0001
rs9489620 C G 0.42874 0.0122 0.0021 <0.0001
rs9522173 T A 0.27877 -0.0133 0.0023 <0.0001
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rs9633835 A G 0.40733 -0.0128 0.0019 <0.0001
rs9651614 T C 0.67716 -0.0198 0.0021 <0.0001
rs9688977 C T 0.11125 0.0204 0.0031 <0.0001
rs980183 A G 0.68035 -0.0184 0.0021 <0.0001
rs9860241 A G 0.45713 -0.0133 0.0019 <0.0001
rs9861443 C A 0.75241 0.0133 0.0022 <0.0001
rs9908480 T G 0.44569 0.0138 0.0019 <0.0001
rs9919429 G A 0.43495 0.0132 0.0019 <0.0001
rs994596 T C 0.30296 0.0145 0.002 <0.0001

Table S8. Instruments used in the Mendelian randomization analysis of physical activity
MarkerName effect_allele other_allele eaf beta standard error p value
rs1491872 T C 0.34678 0.02538 0.00437 <0.0001
rs2005617 C T 0.62535 0.02503 0.00427 <0.0001
rs2189464 T C 0.2477 -0.0268 0.00482 <0.0001
rs2764261 G A 0.62572 -0.0279 0.00428 <0.0001
rs328900 T C 0.31465 0.02914 0.00446 <0.0001
rs382210 A G 0.65481 0.0282 0.00435 <0.0001
rs429358 C T 0.15418 0.03887 0.00573 <0.0001
rs6533635 A G 0.62379 0.02573 0.00429 <0.0001
rs6955240 A G 0.39014 -0.0321 0.00425 <0.0001
rs7072776 G A 0.72155 0.02735 0.00463 <0.0001
rs7749823 C A 0.1488 -0.0348 0.00581 <0.0001

Table S9. Instruments used in the Mendelian randomization analysis of diet score
MarkerName effect_allele other_allele eaf beta standard error p value
rs1260326 C T NA 0.0224538 0.00356612 <0.0001
rs16843603 C T NA -0.0237617 0.00388046 <0.0001
rs2136355 A G NA -0.025412 0.00353205 <0.0001
rs2472297 T C NA 0.0506132 0.00394053 <0.0001
rs2533273 A C NA 0.0223024 0.00349992 <0.0001
rs2815753 A G NA -0.0267262 0.0035614 <0.0001
rs4410790 C T NA 0.0390576 0.00362449 <0.0001
rs477813 T C NA -0.0204243 0.00353631 <0.0001
rs6594014 G A NA 0.0206764 0.0034889 <0.0001
rs66721590 A G NA -0.0217767 0.00367216 <0.0001
rs72783115 A G NA 0.0231814 0.00394475 <0.0001
rs898751 T C NA 0.0194018 0.00349099 <0.0001
rs9379829 T C NA -0.0304962 0.00420701 <0.0001
rs9411419 T C NA -0.0210062 0.00365064 <0.0001
rs9607805 T C NA 0.025946 0.00393124 <0.0001

Table S10. Instruments used in the Mendelian randomization analysis of sleep duration
MarkerName effect_allele other_allele eaf beta standard error p value
rs10510128 A G 0.20795 0.0114 0.00197 <0.0001
rs11039216 T C 0.53294 -0.0103 0.0016 <0.0001
rs112100783 A G 0.03344 -0.0253 0.00455 <0.0001
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rs113021516 C G 0.3359 0.01148 0.0017 <0.0001
rs113113059 C T 0.21983 -0.0111 0.00193 <0.0001
rs11621908 T C 0.08281 -0.02 0.00294 <0.0001
rs11643715 G C 0.29263 0.01095 0.00176 <0.0001
rs11650677 A G 0.33919 0.01117 0.00169 <0.0001
rs11982852 T C 0.24386 -0.0117 0.00186 <0.0001
rs12518468 C T 0.32869 -0.0106 0.0017 <0.0001
rs12567114 A G 0.27637 0.01234 0.00179 <0.0001
rs13107325 T C 0.07491 -0.0243 0.00304 <0.0001
rs1348047 T G 0.26725 -0.0126 0.00182 <0.0001
rs1463053 A G 0.63969 0.00927 0.00166 <0.0001
rs151014368 A G 0.20734 0.01138 0.00199 <0.0001
rs1517572 C A 0.58126 0.01166 0.00162 <0.0001
rs1553132 G A 0.25864 0.01053 0.00183 <0.0001
rs17391944 G T 0.04986 0.02185 0.00372 <0.0001
rs174564 G A 0.3486 0.00975 0.00168 <0.0001
rs17732997 G C 0.42968 -0.0088 0.00162 <0.0001
rs1939455 T G 0.12029 -0.0158 0.00252 <0.0001
rs1972712 C T 0.24946 0.0118 0.00185 <0.0001
rs2072727 C T 0.56459 -0.0093 0.00161 <0.0001
rs2079070 G C 0.73458 -0.0134 0.00181 <0.0001
rs2186122 T A 0.55991 -0.0108 0.00162 <0.0001
rs2192528 G A 0.52249 -0.0098 0.0016 <0.0001
rs2236295 T G 0.40304 -0.0091 0.00164 <0.0001
rs2279681 G C 0.34179 0.0093 0.00168 <0.0001
rs2683630 G C 0.62908 0.01495 0.00166 <0.0001
rs2734831 G T 0.60688 -0.0098 0.00164 <0.0001
rs2748809 C T 0.42926 -0.0093 0.00165 <0.0001
rs2839753 C T 0.26535 -0.0106 0.00181 <0.0001
rs2863957 A C 0.22054 0.0289 0.00193 <0.0001
rs34354917 A C 0.28863 -0.01 0.00177 <0.0001
rs34556183 G A 0.27989 -0.0134 0.00178 <0.0001
rs34786000 T G 0.55336 0.01096 0.00163 <0.0001
rs35126035 C A 0.55833 -0.0092 0.00164 <0.0001
rs35662245 A T 0.33871 0.01016 0.00169 <0.0001
rs365663 G A 0.45495 -0.0093 0.00161 <0.0001
rs374153 T C 0.84257 -0.0131 0.0022 <0.0001
rs4767550 G A 0.41317 0.01087 0.00163 <0.0001
rs55658675 T C 0.35291 -0.0097 0.00167 <0.0001
rs56367859 G A 0.39759 0.01162 0.00164 <0.0001
rs62444917 C A 0.22232 0.01296 0.00193 <0.0001
rs6561715 A T 0.63064 0.00978 0.00166 <0.0001
rs6681755 A G 0.19978 0.01153 0.002 <0.0001
rs6783516 T G 0.58382 -0.0098 0.00163 <0.0001
rs6889592 A G 0.33261 0.01177 0.0017 <0.0001
rs7016314 C T 0.65593 0.01 0.00169 <0.0001
rs7115856 C A 0.46127 0.01082 0.0016 <0.0001
rs72771082 G A 0.21783 0.01097 0.00194 <0.0001
rs72831782 A T 0.26941 -0.0102 0.00184 <0.0001
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rs7517981 C T 0.6015 -0.01 0.00163 <0.0001
rs75539574 C A 0.08577 0.02366 0.00287 <0.0001
rs76258078 G A 0.04999 -0.0217 0.00368 <0.0001
rs7644809 C T 0.57603 -0.0102 0.00162 <0.0001
rs7711696 T G 0.30499 -0.0099 0.00174 <0.0001
rs7740402 G T 0.3061 -0.0095 0.00173 <0.0001
rs7831557 A G 0.51744 -0.0106 0.0016 <0.0001
rs8038326 G A 0.27317 -0.0134 0.00179 <0.0001
rs8047587 T G 0.43951 -0.011 0.00161 <0.0001
rs8072993 G T 0.63568 0.01092 0.00199 <0.0001
rs8074498 A T 0.58095 -0.0093 0.00163 <0.0001
rs915416 G C 0.70906 -0.0127 0.00176 <0.0001
rs9302680 A G 0.43927 0.01204 0.00161 <0.0001
rs9345234 C A 0.57786 0.00919 0.00162 <0.0001
rs9382445 C T 0.37517 -0.0095 0.00165 <0.0001
rs9611007 T C 0.14167 -0.0136 0.0023 <0.0001
rs9810474 T C 0.23218 -0.0112 0.00189 <0.0001
rs9903898 T C 0.48888 -0.0094 0.0016 <0.0001


