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Abstract 52 

Background 53 

Type 2 diabetes (T2D) results from a complex interplay between genetic predisposition and 54 

lifestyle factors. Both genetic susceptibility and unhealthy lifestyle are known to be associated 55 

with elevated T2D risk. However, their combined effects on T2D risk are not well studied. We 56 

aimed to determine whether unhealthy modifiable health behaviors were associated with similar 57 

increases in the risk of incident T2D among individuals with different levels of genetic risk. 58 

Methods 59 

We performed a genetic risk score (GRS) by lifestyle interaction analysis within 332,251 non-60 

diabetic individuals at baseline from the UK Biobank. Multi-ancestry GRS were calculated by 61 

summing the effects of 783 T2D-associated variants and ranked into tertiles. We used baseline 62 

self-reported data on smoking, BMI, physical activity level, and diet quality to categorize 63 

participants as having a healthy, intermediate, or unhealthy lifestyle. Cox proportional hazards 64 

regression models were used to generate adjusted hazards ratios (HR) of T2D risk and associated 65 

95% confidence intervals (CI). 66 

Results  67 

During follow-up (median 13.6 years), 13,128 (4.0%) participants developed T2D. GRS (P < 68 

0.001) and lifestyle classification (P < 0.001) were independently associated with increased risk 69 

for T2D. Compared with healthy lifestyle, unhealthy lifestyle was associated with increased T2D 70 

risk in all genetic risk strata, with adjusted HR ranging from 7.11 (low genetic risk) to 16.33 71 

(high genetic risk). 72 
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Conclusions 73 

High genetic risk and unhealthy lifestyle were the most significant contributors to the 74 

development of T2D. Individuals at all levels of genetic risk can greatly mitigate their risk for 75 

T2D through lifestyle modifications.  76 
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Introduction 77 

Type 2 diabetes (T2D) is among the leading causes of morbidity and mortality worldwide 78 

and has become one of the most challenging and concerning chronic diseases in public health. 79 

The prevalence of T2D has been steadily increasing over the past few decades: currently, > 28 80 

million and > 500 million individuals have been diagnosed with T2D in the US and globally.1,2 81 

Additionally, the prevalence of T2D is higher in certain populations in the US, ranging from 7.5% 82 

in non-Hispanic Whites to 14.7% in Native Americans/Alaska Natives, and both Hispanic 83 

Americans and non-Hispanic Blacks are almost twice as likely to have T2D as non-Hispanic 84 

Whites.3 The high prevalence and incidence of T2D results in a substantial disease burden, 85 

including treatment, reduced quality of life, disease complications, and premature death.  86 

It is well-established that T2D is mainly caused by a complex interplay between genetic 87 

predisposition and lifestyle factors. Genome-wide association studies (GWAS) have identified 88 

more than 1,200 independent genetic variants associated with T2D, of which many appear to be 89 

related to insulin secretion and/or pancreatic β-cell development,4,5 and explain approximately 90 

20-40% of the overall heritability for T2D.6 Lifestyle factors also play an important role in 91 

modulating T2D risk, and epidemiologic studies have identified increased T2D risk among 92 

individuals with a higher body mass index (BMI), low physical activity level, and unhealthy diet 93 

quality, as well as those who smoke.7–10 It is also known that lifestyle interventions can reduce 94 

the risk of development of T2D and improve cardiovascular health, especially among individuals 95 

at high risk of T2D.11 96 

Several studies have attempted to examine the potential joint effects between genetic risk 97 

and overall behavioral and/or lifestyle factors on the risk for T2D.12–19 While most of the studies 98 

demonstrate the strongest T2D risk among those with the highest genetic risk and unhealthiest 99 
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lifestyle factors, differences by biological sex were not often considered. Additionally, prior 100 

analyses were predominantly performed in East Asian-14,15,17,18 or European-ancestry11–13,16,19 101 

individuals, limiting the generalizability to multi-ancestry and other non-European populations. 102 

Comparability across studies is further hindered by differences in behavioral and/or lifestyle 103 

factors considered as well as their classification and measurement. Finally, in terms of the GRS, 104 

the majority of the studies included fewer than 100 genetic variants in calculating the GRS,11,14–105 

19 used effect size weights from a mismatched ancestry population,15,18 or used variants and 106 

effect size weights that were not independent of the study population,12,17 all of which limit the 107 

accuracy in measuring the genetic risk of T2D.  108 

Therefore, the goal of this study was to determine whether unhealthy modifiable health 109 

behaviors, as determined by the American Heart Association, were associated with similar 110 

increases in the risk of incident T2D among individuals with different levels of genetic risk, 111 

utilizing the most up-to-date list of independent T2D-associated genetic variants, across all 112 

individuals in the UK Biobank.  113 

 114 

Methods 115 

Data Source 116 

Details of the UK Biobank (UKB) study design and population have been described 117 

elsewhere.20–22 Briefly, the UKB is a population-based prospective cohort of  > 500,000 118 

participants designed to examine environmental, lifestyle, and genetic determinants of adult-119 

onset diseases. Individuals aged 40-69 years old were recruited from 22 assessment centers 120 

throughout the United Kingdom from 2006-2010.21 At enrollment, participants provided 121 

extensive information on their demographics, health, and lifestyle through baseline 122 
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questionnaires, interviews, and physical assessments. Blood samples were collected for 123 

genotyping; genotypes were then imputed to a merged UK10K and 1000 Genomes phase 3 124 

panel.22 Follow-up of participants is ongoing through linked health records. The UKB study has 125 

approval from the North West Multi-center Research Ethics Committee, and all UKB 126 

participants provided written informed consent. 127 

 128 

Study Population 129 

The study population was comprised of individuals from the UKB for which complete 130 

data were available for their genotypes, lifestyle factors at enrollment (BMI, smoking status, diet, 131 

and physical activity), and covariates. Participants were excluded if they: had a mismatch 132 

between their genetic and self-reported sex (n = 372), were missing genotypes for ≥ 7.5% of the 133 

included variants (n = 498), had a BMI at enrollment < 18.5 kg/m2 (n = 2,505), or had prevalent 134 

diabetes of any kind at enrollment (n = 15,250). To limit our analyses to those who developed 135 

incident T2D, we further excluded individuals who developed incident type 1 diabetes (T1D; 136 

ICD-10 E10), malnutrition-related diabetes (ICD-10 E12), or other specified diabetes (ICD-10 137 

E13) (n = 699) during the follow-up period. Our final analytical sample size was n = 332,251 138 

(Figure 1).  139 

 140 

Genetic and Lifestyle Exposure groups 141 

 To estimate the genetic predisposition to T2D, genetic risk scores (GRS) were created 142 

following an additive model using 783 genome-wide significant variants identified from the most 143 

recent multi-ancestry GWAS meta-analysis (Table S1) after excluding results from the UKB, to 144 

avoid potential effect overestimation.4 The GRS were calculated using a weighted method in 145 
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which, for each variant, the number of T2D risk-increasing alleles a person has is multiplied by 146 

the effect size estimate from the multi-ancestry fixed-effect meta-analysis; using PLINK 1.9,23 147 

the products for each variant are then summed together for each individual into a continuous 148 

multi-ancestry GRS. GRS were divided into tertiles and categorized as low, moderate, and high 149 

genetic risk groups.  We also generated ancestry-specific GRS for each individual using the 150 

effect size estimates from the global ancestry meta-analyses (African/African American, East 151 

Asian, European, South Asian) that most closely matched an individual’s self-reported ethnic 152 

background; individuals for which their self-reported ethnic background was “mixed”, “other”, 153 

or missing were omitted from the ancestry-specific analyses. To avoid potential 154 

effectmoverestimation, index variants and variant effect sizes were generated without inclusion 155 

of the UKB data in the meta-analyses. Genetic variants identified in the meta-analyses but 156 

missing in the UKB were excluded from the GRS.  157 

We summarized an individual’s overall lifestyle into one of three categories (healthy, 158 

intermediate, and unhealthy) following the American Heart Association 2020 Strategic Impact 159 

Goal guidelines (termed ideal, intermediate, and poor, respectively) for smoking, BMI, and 160 

physical activity.24  Dietary priorities for cardiometabolic health were used to define a healthy or 161 

unhealthy category for diet quality.25 Definitions for healthy, intermediate, and unhealthy 162 

classifications for each of the lifestyle components can be found in the Supplementary Appendix 163 

(Table S2 and Table S3). Based on the categorization of the four lifestyle factors, we assigned 164 

participants to an overall lifestyle category: healthy (having at least 3 healthy lifestyle factors), 165 

unhealthy (having at least 3 unhealthy lifestyle factors), or intermediate (all other combinations). 166 

 167 

Ascertainment of Incident T2D Outcomes 168 
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Incident cases of T2D within the UKB were identified using the first occurrences data. 169 

The first occurrences dataset indicates the first occurrence of any disease (mapped to ICD-10 170 

diagnosis codes) from primary care, hospital inpatient, death register, and self-reported data.21 171 

For this study, we used the first record of ICD-10 diagnosis code E11 (type 2 diabetes mellitus) 172 

and the corresponding date to define incident cases.  173 

 174 

Statistical Analysis 175 

Descriptive statistics for participants were generated using baseline data and compared 176 

between censored observations and incident T2D cases using t-tests for continuous variables and 177 

chi-squared test for categorical variables. For this analysis, participants were followed from 178 

enrollment until diagnosis of T2D, death, lost to follow-up, or censoring date (by the time of 179 

analysis, the censoring date is 2022-10-31 for individuals in England, 2021-07-31 for individuals 180 

in Scotland, and 2018-02-28 for individuals in Wales), whichever came first. Several 181 

multivariable Cox regression models were used to test both the independent (both genetic risk 182 

and lifestyle as predictor variables) and joint associations of genetic risk and lifestyle groups 183 

with incident T2D; hazards ratios (HR) and associated 95% confidence intervals (95% CI) were 184 

calculated using individuals with low GRS and healthy lifestyle as the reference group. 185 

Additionally, we tested the independent association of genetic risk and all the individual lifestyle 186 

factors. The proportional hazards assumption was tested based on visualization of the survival 187 

probabilities over time and the scaled Schoenfeld residuals; the assumptions were met 188 

(Supplementary Figures S1-S10). Adjusted models included the following covariates: age at 189 

baseline, biological sex, years in education,26 Townsend Deprivation Index (TDI),27 income, and 190 

the first 16 genetic principal components (to adjust for population subtructure).23 Sex-stratified 191 
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analyses were also conducted including the same covariates except for biological sex. We also 192 

tested for statistical interaction between the GRS and lifestyle factors. Finally, we calculated the 193 

population attributable fraction (PAF), to evaluate the proportion of incident T2D that would 194 

have been prevented if participants with intermediate or unhealthy lifestyle had been in the 195 

healthy category. All analyses were additionally conducted using the ancestry-specific GRS that 196 

most closely matched the self-reported ethnic background. All statistical tests were two-sided, 197 

and P-values < 0.05 were considered statistically significant. All analyses were conducted using 198 

R 4.3.0. 199 

 200 

Results 201 

Baseline characteristics of study participants can be found in Table 1. Overall, the mean 202 

(SD) age was 55.19 (8.06) years, and 177,869 (54%) were female. During a median follow-up of 203 

13.56 (IQR: 12.74-14.25) years, 13,128 (4%) participants developed incident T2D during a 204 

median time to onset of 7.98 years (IQR: 4.92, 10.82), with higher incidence rates among the 205 

high GRS tertile and unhealthy lifestyle classifications (0.75 per 1,000 person-years for those 206 

with the lowest GRS and healthy lifestyle to 12.53 per 1,000 person-year for those with the 207 

highest GRS and unhealthy lifestyle; Table 2; Supplementary Figure S11). At baseline, 208 

participants who later developed T2D were older, more likely to be male, have fewer years of 209 

education, lower income, and more severe social deprivation than those who did not develop 210 

T2D during the follow-up period. Individuals who developed incident T2D also had a 211 

significantly higher mean GRS and were more likely classified in the moderate or high GRS 212 

tertile. Finally, compared to the censored observations, incident T2D cases were more likely to 213 

have a higher BMI, lower physical activity level, lower diet quality, and to be a current smoker, 214 
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which resulted in a significantly higher proportion of incident T2D cases also falling  into the 215 

“unhealthy” lifestyle category.  216 

GRS tertiles (moderate, HR: 1.59, 95% CI 1.52-1.67; high, HR: 2.58, 95%CI: 2.47-2.70) 217 

and overall lifestyle categories (intermediate, HR: 2.38, 95% CI 2.24-2.52; unhealthy, HR: 6.83, 218 

95% CI 6.32-7.38) were independently associated with T2D risk (Supplementary Table S4). For 219 

the standardized GRS, a 1-SD increase was associated with a 53% increased risk of T2D (HR: 220 

1.53, 95% CI: 1.50-1.55; Supplementary Table S5). Results were similar for individual lifestyle 221 

factors and in models stratified by sex (Supplementary Tables S6-S7); BMI had the strongest 222 

independent association with incident T2D (intermediate, HR: 2.81, 95% CI 2.63-3.00; 223 

unhealthy, HR: 8.84, 95% CI 8.29-9.42).  224 

Across all GRS tertiles, individuals classified as having a unhealthy lifestyle were at 225 

substantially increased risk for T2D compared to those classified as having an healthy lifestyle, 226 

with HR ranging from 7.11 (low GRS tertile) to 16.33 (high GRS tertile; Figure 2). Compared to 227 

those in the healthy lifestyle group, individuals in the intermediate lifestyle group were also at 228 

increased risk for T2D, with a 2-, 4-, and 6- fold increased risk for those in the low, moderate, 229 

and high GRS tertile. When focusing within a single genetic risk tertile (e.g., low GRS), 230 

individuals in the unhealthy lifestyle category were at a 6- to 8-fold increased risk of T2D 231 

compared to the healthy lifestyle. Results were similar in sex-stratified analyses (Supplemental 232 

Table S8). While the effect estimates were slightly stronger in females than in males, the 233 

difference was not statistically significant (P =  0.39). We did not detect a significant interaction 234 

between the GRS tertiles and lifestyle classification, however we did detect a significant 235 

interaction when considering the standardized (continuous) GRS and lifestyle classifications 236 

(GRS*intermediate lifestyle, p<0.20; GRS*unhealthy lifestyle, p=0.004; Supplementary Tables 237 
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S9-S10). Lastly, results showed similar trends across the self-reported ancestry groups but were 238 

generally underpowered in many GRS tertile/lifestyle category combinations for analyses of 239 

non-European-ancestry individuals (Supplemental Table S11). 240 

When calculating the ancestry-specific GRS using the same set of genetic variants, but 241 

with the ancestry-specific weights, we found similar trends in the associations between combined 242 

GRS and lifestyle risk with incident T2D (Supplemental Tables S12-16; Supplementary Figures 243 

S12-14).  244 

To evaluate the proportion of incident T2D that would have been prevented if subjects 245 

with intermediate or unhealthy lifestyle (also considered “non-healthy”) had instead been in the 246 

healthy category, we calculated the population attributable fraction (PAF; Supplementary Table 247 

S17). Regardless of the GRS, more than 55% of incident T2D cases in the UKB would have 248 

been prevented if all individuals in the “non-healthy” lifestyle categories would have been in the 249 

healthy lifestyle category (Year 1: 95% CI 0.53-0.58). The PAF proportions were consistent 250 

across each time point during the 15 years of follow-up.  251 

 252 

Discussion 253 

In this large population-based prospective cohort study with over 332,000 multi-ancestry 254 

participants from the UK Biobank, both high GRS and unhealthy lifestyle were independently 255 

associated with increased risk of T2D. Across and within different GRS tertiles, adherence to an 256 

intermediate or unhealthy lifestyle was associated with substantially increased risk of T2D 257 

compared to an healthy lifestyle. Overall, while our analyses support the notion that while 258 

genetics play a large role in the risk for developing T2D and T2D etiology, lifestyle factors play 259 
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a substantially larger role, particularly BMI. Further, we demonstrated that individuals with any 260 

level of genetic risk could greatly reduce their risk for T2D through modifiable healthy lifestyles.  261 

 To our knowledge, this study is the first to test the effect of combined lifestyle factors in 262 

different genetic risk level for T2D based on nearly 800 genetic variants and the first to consider 263 

both a multi-ancestry and ancestry-matched GRS. Consistent with findings from prior studies11–264 

19, we found high GRS and unhealthy lifestyle factors were independently and jointly associated 265 

with increased risk of developing T2D. However, there is wide variability in effect sizes across 266 

the prior studies, most likely due to fundamental differences in study design and methodology, 267 

including sample size, T2D GRS composition and calculation, and consideration of behavioral 268 

and lifestyle factors. Most similar to this study, Said, et al. previously used the UKB study 269 

population to examine the combined effects of genetic and lifestyle risk of T2D.11 Among 270 

322,014 individuals, the study also found strong effects of unhealthy lifestyle across different 271 

GR tertiles, with adjusted HR ranging from 10.82 to 15.46 in sex-combined analyses. While both 272 

studies used a similar approach to categorize lifestyle factors based on the American Heart 273 

Association guidelines, the prior study included only the European-ancestry individuals within 274 

the UKB, had a less-restrictive definition for incident T2D that likely resulted in outcome 275 

misclassification, and calculated the GRS based on only 38 variants. Our study included a much 276 

more comprehensive measure of GRS (783 variants), excluded individuals from the analyses if 277 

they did not have confirmed T2D, and did not exclude individuals based on genetic ancestry.  278 

Based on the results presented, it is clear that individuals who have either moderate or 279 

higher genetic risk for T2D with intermediate or unhealthy lifestyle are at substantially increased 280 

risk for T2D. These findings indicate the strong potential benefits of adherence to multiple 281 

healthy lifestyle factors to mitigate disease risk, regardless of genetic risk. In fact, our analysis 282 
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suggests that 55% of incident T2D risk in the population that could be theoretically eliminated if 283 

individuals with non-healthy lifestyle were to be shifted to be having healthy lifestyle, 284 

highlighting the potential impact of shifting individuals from the non-healthy to the healthy 285 

lifestyle category. Although challenges remain in communicating individual genetic risk 286 

information to patients that is understandable and interpretable by the general population, 287 

knowledge of the strong impact a healthy lifestyle can have to mitigate genetic or familial risk 288 

for T2D may motivate patients to change behaviors 289 

 290 

Strengths and Limitations 291 

To our knowledge, this is the first study to investigate the associations of combined 292 

genetic and lifestyle risk of T2D using the most up-to-date set of T2D-associated variants.4 293 

Major strengths of the study were the prospective cohort design, large sample size, and 294 

comprehensive measure of genetic risk. The list of T2D-associated variants and their effect sizes 295 

used for our GRS calculation were determined independently of the UKB study population. Our 296 

study also utilized all individuals in the UKB, regardless of self-reported ancestry, and used both 297 

combined and ancestry-specific genetic effect sizes when calculating the GRS, which improves 298 

the external validity of our findings. Further, we classified all of the lifestyle factors into healthy, 299 

intermediate, and unhealthy based on guidelines from the American Heart Association,24 which 300 

allows for a more direct clinical interpretation of our results. 301 

There are also several limitations. Measurements for all lifestyle factors were obtained at 302 

study entry, of which three were based on self-reported data. Because they are all potentially 303 

time-varying covariates, misclassification of exposure is possible. However, due to the 304 

prospective design of the UKB, any misclassification would be nondifferential and would bias 305 
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the result towards the null, resulting in an underestimation of the true association. Second, 306 

incident T2D cases were identified using the first occurrence data in the UK Biobank, which 307 

includes self-reported outcomes. Further, the suspected rate of undiagnosed T2D in the UK is 308 

estimated to be around 2%.28 Thus, misclassification of some T2D cases as non-cases is possible; 309 

however, we would expect this bias the results toward the null. The genetic variants used in the 310 

GRS calculation may also have pleiotropic effects on lifestyle factors, including BMI. Although 311 

our study included individuals with diverse ethnic backgrounds, the generalizability of the 312 

findings remains somewhat limited due to the predominance of European participants in the 313 

UKB.  314 

In conclusion, both genetic risk and lifestyle were independently associated with elevated 315 

T2D risk, but individuals with the unhealthiest lifestyle were at the highest risk for incident 316 

disease. Comprehensive and multifactorial lifestyle modifications should be encouraged in 317 

individuals at all levels of genetic risk to greatly mitigate their risk of developing T2D, though 318 

individuals at the highest levels of genetic risk will gain the most benefit. Further studies 319 

investigating the joint effects of lifestyle changes over time and their interplay with genetics for 320 

the T2D risk is warranted. 321 
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Table 1. Baseline characteristics of 332,251 participants from the UK Biobank 

Variable 
Overall 

N = 332,251
1
 

Censored observations 

N = 319,123
1
 

Incident T2D 

N = 13,128
1
 

Age at baseline (years) 55.19 (8.06) 55.09 (8.06) 57.56 (7.63) 

Sex    

   Female 177,869 (54) 172,507 (54) 5,362 (41) 

Follow-up time (years)    

   Median (IQR) 13.56 (12.74, 14.25) 13.61 (12.88, 14.27) 7.98 (4.92, 10.82) 

Multi-ancestry GRS 21.54 (0.56) 21.53 (0.56) 21.76 (0.55) 

Multi-ancestry GRS tertile    

   Low 110,753 (33) 108,130 (34) 2,623 (20) 

   Moderate 110,755 (33) 106,670 (33) 4,085 (31) 

   High 110,743 (33) 104,323 (33) 6,420 (49) 

BMI (kg/m
2
)    

   Healthy (18.5-24.9) 118,246 (36) 117,038 (37) 1,208 (9.2) 

   Intermediate (25.0-29.9) 143,047 (43) 138,249 (43) 4,798 (37) 

   Unhealthy (≥30) 70,958 (21) 63,836 (20) 7,122 (54) 

Smoking status    

   Healthy (non-smoker) 188,546 (57) 182,341 (57) 6,205 (47) 

   Intermediate (past smoker) 111,190 (34) 106,143 (33) 5,047 (39) 

   Unhealthy (current smoker) 31,959 (9.6) 30,104 (9.4) 1,855 (14) 

Physical activity level
2
    

   Healthy (regular physical activity) 93,866 (29) 90,532 (29) 3,334 (27) 

   Intermediate (some physical activity) 192,820 (60) 185,844 (60) 6,976 (57) 

   Unhealthy (no regular physical activity) 33,588 (10) 31,599 (10) 1,989 (16) 

Diet quality
3
    

   Healthy (adequate dietary intake) 159,553 (48) 153,928 (48) 5,625 (43) 

   Unhealthy (inadequate dietary intake) 172,686 (52) 165,183 (52) 7,503 (57) 

Overall lifestyle    

   Healthy (≥3 healthy factors) 70,854 (21) 69,669 (22) 1,185 (9.0) 

   Intermediate (all other combinations) 248,927 (75) 238,434 (75) 10,493 (80) 

   Unhealthy (≥3 unhealthy factors) 12,470 (3.8) 11,020 (3.5) 1,450 (11) 

Years in education 15.54 (4.44) 15.56 (4.44) 14.97 (4.38) 

Income (pound sterling)    

   <18,000 54,537 (16) 51,007 (16) 3,530 (27) 

   18,000-30,999 82,294 (25) 78,494 (25) 3,800 (29) 

   31,000-51999 95,351 (29) 91,947 (29) 3,404 (26) 

   52,000-100,000  78,705 (24) 76,717 (24) 1,988 (15) 

   >100,000 21,364 (6.4) 20,958 (6.6) 406 (3.1) 

Self-reported Ancestry     

   AFR 4,385 (1.3) 3,963 (1.2) 422 (3.2) 
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Variable 
Overall 

N = 332,251
1
 

Censored observations 

N = 319,123
1
 

Incident T2D 

N = 13,128
1
 

   EAS 970 (0.3) 914 (0.3) 56 (0.4) 

   EUR 316,747 (95) 304,982 (96) 11,765 (90) 

   Missing 840 (0.3) 796 (0.2) 44 (0.3) 

   Mixed 1,984 (0.6) 1,888 (0.6) 96 (0.7) 

   Other 2,494 (0.8) 2,299 (0.7) 195 (1.5) 

   SAS 4,831 (1.5) 4,281 (1.3) 550 (4.2) 
1
Mean (SD); n (%); all p-value <0.001 

2
Healthy: ≥150 min/week moderate or ≥75 min/week vigorous or ≥150 min/week mixed; intermediate: 1-149 min/week moderate or 1-74 min/week vigorous or 1-149 

min/week mixed; unhealthy; not performing any moderate or vigorous 

3
Healthy: adequate intake of at least half of certain dietary components; unhealthy: less than half 

Abbreviations: AFR, African and African American; BMI, body mass index; EAS, East Asian; EUR, European; GRS, genetic risk score; IQR, interquartile range; SAS, South Asian; T2D, 

type 2 diabetes
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Table 2. Incidence rates of T2D by the category of combined genetic and lifestyle risk 1 
 2 

Multi-

ancestry GRS 

tertile 

Lifestyle N total (%) N case (%
1
) Person-year 

Incidence 

rate2
 

Low Healthy 24,408 (7.4) 245 (1.0) 325,304.3 0.75 

Intermediate 82,402 (24.8) 2,082 (2.5) 1,083,869.8 1.92 

Unhealthy 3,943 (1.2) 296 (7.5) 50,042.0 5.92 

Moderate Healthy 23,373 (7.0) 347 (1.5) 311,018.5 1.12 

Intermediate 83,224 (25.1) 3,250 (3.9) 1,088,448.2 2.99 

Unhealthy 4,158 (1.3) 488 (11.7) 51,563.5 9.46 

High Healthy 23,073 (6.9) 593 (2.6) 305,394.7 1.94 

Intermediate 83,301 (25.1) 5,161 (6.2) 1,078,391.9 4.79 

Unhealthy 4,369 (1.3) 666 (15.2) 53,161.2 12.53 
1
Cumulative incidence 3 
2
The incidence rate is provided per 1,000 person-years.  4 
 5 
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Figure 1. Flowchart of study population inclusion and exclusion 
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