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Introduction

Diabetes is rapidly increasing in high-, low-, and 
middle-income countries 1, 2). Diabetes and its 

complications cause premature mortality, which is a 
public health burden worldwide 1, 2). Therefore, 
identifying high-risk individuals and preventing or 
delaying its onset are important.

Aim: The influence of family history of diabetes, probably reflecting genetic and lifestyle factors, on the 
association of combined genetic and lifestyle risks with diabetes is unknown. We examined these associations.

Methods: This cross-sectional study included 9,681 participants in the Tohoku Medical Megabank 
Community-based Cohort Study. A lifestyle score, which was categorized into ideal, intermediate, and poor 
lifestyles, was given. Family history was obtained through a self-reported questionnaire. A polygenic risk score 
(PRS) was constructed in the target data (n=1,936) using publicly available genome-wide association study 
summary statistics from BioBank Japan. For test data (n=7,745), we evaluated PRS performance and examined 
the associations of combined family history and genetic and lifestyle risks with diabetes. Diabetes was defined as 
non-fasting blood glucose ≥ 200 mmHg, HbA1c ≥ 6.5%, and/or self-reported diabetes treatment.

Results: In test data, 467 (6.0%) participants had diabetes. Compared with a low genetic risk and an ideal 
lifestyle without a family history, the odds ratio (OR) was 3.73 (95% confidence interval [CI], 1.92–7.00) for a 
lower genetic risk and a poor lifestyle without a family history. Family history was significantly associated with 
diabetes (OR, 3.58 [95% CI, 1.73–6.98]), even in those with a low genetic risk and an ideal lifestyle. Even among 
participants who had an ideal lifestyle without a family history, a high genetic risk was associated with diabetes 
(OR, 2.49 [95% CI, 1.65–3.85]). Adding PRS to family history and conventional lifestyle risk factors improved 
the prediction ability for diabetes.

Conclusions: Our findings support the notion that a healthy lifestyle is important to prevent diabetes regardless 
of genetic risk.
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Megabank Community-based Cohort (TMM 
CommCohort) Study. Additionally, we examined 
whether adding a PRS to family history and 
conventional lifestyle risk factors could improve its 
ability to predict diabetes.

Methods

Study Population and Design
This study was a cross-sectional study of 

participants aged ≥ 20 years who live in Miyagi 
Prefecture, northeastern Japan, who were included in 
the TMM CommCohort study21). The details have 
been described elsewhere21, 22). In brief, the TMM 
CommCohort study was conducted from May 2013 
to March 2016 and recruited more than 50,000 
participants according to the following: type 1 survey 
(n=41,097 participants), which was performed in 
specific municipal health check-up sites, and type 2 
survey (n=13,855), which was performed in 
assessment centers. Participants provided information 
on their lifestyle and other potentially health-related 
aspects through a self-reported questionnaire and 
blood and urine samples. All participants provided 
written informed consent for the study (n=54,952). 
The type 1 survey participants were included as a 
control group in the GWAS, which was used to 
construct a PRS in this study. Therefore, to avoid 
overfitting, we selected the type 2 survey participants 
(n=13,855). Participants who withdrew from the 
study on July 13, 2021, failed to return a self-reported 
questionnaire (n=204), had no genetic information 
(n=3,789), had self-reported type 1 diabetes, and had 
missing data regarding glucose, HbA1c, height, 
weight, gamma-glutamyl transferase (GGT), physical 
activity, smoking status, and family history of diabetes 
(n=163) were excluded. Moreover, 18 participants 
with ≥ 6 standard deviations away from the means of 
each principal component were excluded. Finally, 
9,681 participants fulfilled all inclusion criteria. These 
participants were randomly split into target data 
(n=1,936; 20%) and test data (n=7,745; 80%) 
(Fig. 1). The target data were used to determine the 
P-thresholds of the best-fit PRS for HbA1c. The test 
data were used to examine associations of combined 
family history, PRS, and lifestyle with diabetes. This 
study was conducted in accordance with the amended 
Declaration of Helsinki. Local institutional review 
boards or independent ethics committees approved 

Genetic and environmental factors are involved 
in diabetes onset3). Lifestyle interventions, such as 
diet, exercise, and weight loss, have been shown to 
prevent diabetes4-6). In terms of genetic factors, recent 
large-scale genome-wide association studies (GWASs) 
identified over 270 independent diabetes-related 
genetic loci7-9). Furthermore, a polygenic risk score 
(PRS) is constructed based on GWAS summary 
statistics and can predict the onset of type 2 diabetes 
in European and non-European population10-14).

Several studies have examined the joint 
associations of combined lifestyle adherence and 
genetic susceptibility with diabetes in general 
populations. In the UK Biobank Study, a high genetic 
risk was associated with a higher risk of developing 
diabetes independent of lifestyle and a poor lifestyle 
was associated with an increased risk of developing 
diabetes independent of the genetic risk score15). The 
Dongfeng–Tongji Cohort Study has shown that the 
genetic risk score is associated with a higher diabetes 
risk independent of lifestyle factors but a healthy 
lifestyle is associated with a substantially reduced 
diabetes risk within different genetic risk scores16). In 
two cohorts of Chinese participants, genetics and 
lifestyle were independently associated with a higher 
risk of developing diabetes17). However, there are no 
studies that examined the combination of genetic 
susceptibility and lifestyle adherence with diabetes 
among Japanese population.

Additionally, a family history of diabetes is a 
well-known risk factor for diabetes because it might 
reflect genetics and shared lifestyle. Family history is 
reportedly associated with a higher risk of diabetes 
even after adjusting for genetics and lifestyle18-20). 
Although a combination of genetic and lifestyle risks 
has identified high-risk individuals for diabetes, 
considering the family history may help in targeting 
high-risk individuals more precisely and may offer 
personalized prevention measures. However, to our 
knowledge, no studies have quantitatively examined 
the associations of combined genetic and lifestyle risks 
with diabetes in terms of the family history.

Aim

This study aimed to examine the cross-sectional 
associations of combined PRS, healthy lifestyle, and 
family history with the prevalence of diabetes in a 
large prospective cohort of the Tohoku Medical 
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their lifetime 28). Information regarding physical 
activity was collected using a self-reported 
questionnaire. Participants answered the hours spent 
for each activity (sitting, standing, walking, and 
strenuous work) per average day in the last years. The 
choices were the following: 0 min to none, 30 min to 
less than 1 h, 120 min to 1–3 h, 240 min to 3–5 h, 
360 min to 5–7 h, 480 min to 7–9 h, 600 min to 
9–11 h, and 660 min to ≥ 11 h. The average 
frequency (times/week) and duration (min/time) of 
normal walking, brisk walking, moderate-intensity 
exercise, and hard-intensity exercise during leisure 
time were obtained29). Frequency was classified into 
the following categories: less than once per month, 
one to three times per month, one to two times per 
week, three to four times per week, and almost every 
day. Duration was also classified into the following 
categories: ＜30 min, 30–59 min, 1–2 h, 2–3 h, 3–4 
h, and ≥ 4 h. The present study defined “walking,” 
“normal walking,” “brisk walking,” and “moderate-

the protocol, and written informed consent was 
obtained from all patients. This study was approved 
by the Institutional Review Board of Tohoku Medic al 
Megabank Organization (approval number: 2022-4-
047; approval date: June 30, 2022).

Healthy Lifestyle Factors and Family History of 
Diabetes

In this study, we constructed a healthy lifestyle 
score based on the following four diabetes risk factors: 
never-smoking, BMI, regular physical activity, and 
low GGT23-26). Weight was measured in increments of 
0.1 kg, and 1.0 kg was subtracted to account for the 
weight of the participant’s clothing using a body 
composition analyzer (InBody720; Biospace Co, Ltd., 
Seoul, Korea). BMI was calculated as weight (kg) 
divided by height squared (m2). Obesity was defined 
as BMI ≥ 25.0 kg/m2 based on the WHO criteria for 
Japanese individuals27). Never-smoking was defined as 
participants who had smoked ＜100 cigarettes during 

Type 1 survey: Recruitment of 
participants at municipal-specific 

health check-ups
(n = 41,097)

Type 2 survey: Recruitment of 
participants at the Community 

Support Center
(n = 13,855)

Total participants in the TMM CommCohort Study
(n = 54,952)

Participants in the type 2 survey
(n = 13,855)

Participants in the type 1 survey were excluded 
because they were included as a control group in the 
BBJ GWAS used to construct the PRS in this study.

204 participants who withdrew from the study by 
July 13, 2021 and failed to return the self-reported 

questionnaire.

n = 13,651

3,789 participants without genetic information

n = 9,862

163 participants with self-reported type 1 diabetes 
and without information on height, weight, glucose, 
HbA1c, smoking status, drinking status, and family 

history of diabetes

n =9,699

18 participants with ≥ 6 standard deviation away 
from the mean of each principal component

n = 9,681

Target data: n = 1,936 (20%)
• Linkage disequilibrium adjustment (clumping)

• SNP selection (P-value threshold)

Test data: n = 7,745 (80%)
• PRS calculation
• Association test 

Randomly split these participants into target data 
and test data

Base: Previous GWAS summary statistics in 
Biobank Japan was used to calculate PRS

Fig. 1. Flowchart of the study participants
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before batch genotyping. Subsequently, we removed 
variants with a P-value of Hardy–Weinberg 
equilibrium test ＜1.00×10－6, minor allele frequency 
＜0.01, or missing rate ＞0.01 from each batch. A 
direct genotype dataset in PLINK BED format was 
obtained by merging the genotype datasets for the 21 
batches using QCTOOL (v2.0.4) (https://www.well.
ox.ac.uk~gavqctool). We obtained a direct genotype 
dataset in Oxford BGEN format from the TMM 
CommCohort study participants. We calculated PRS 
based on the summary statistics of a previous GWAS 
for diabetes in BioBank Japan (BBJ), which was 
publicly available at the National Bioscience Database 
Center7). The participants included in our studies 
were independent from the BBJ participants. All 
single nucleotide polymorphisms (SNPs) on X and Y 
chromosomes were removed from the base and target 
data to eliminate the possibility of non-autosomal sex 
effects. To calculate PRS, we used PLINK. As a default 
setting of PLINK, we performed clumping to capture 
the right level of causal signal using the following 
options: --clump-p1 1 --clump-r2 0.1 –clump-kb 250. 
After clumping, we calculated the PRS for each 
individual included in the target data (n=1936) using 
various variant sets according to different P-value 
thresholds. PRS was calculated using the default 
formula for PRS calculation in PLINK (https://
choishingwan.github.io/PRS-Tutorial/plink/). We 
calculated PRS following nine different P-value 
thresholds: 5.0×10－8, 0.001, 0.01, 0.05, 0.1, 0.2, 
0.3, 0.4, and 0.5. Among the various PRSs with 
different numbers of SNPs, we chose the list of 
variants that showed the best fit (determined by a 
variance explained by the PRS). The settings of the 
best-fit PRS for HbA1c in the target data were PRS 
using P＜0.2 (Supplemental Table 1). Therefore, we 
used a PRS constructed by P＜0.2 in the test data for 
this analysis.

Statistical Analysis
Data were presented as means (SD) or median 

(interquartile range) for continuous variables and 
number (percentage) for categorical variables. 
Multivariable logistic regression analyses were 
performed to examine the association between lifestyle 
factors and diabetes prevalence. Adjusted OR and 
95% CI were estimated. Participants were classified by 
their PRS tertile for our analysis of a potential 
association between PRS and diabetes. Similarly, 
multivariable logistic regression analyses were 
performed to examine the association between genetic 
risk scores and diabetes. Additionally, the association 
between family history and diabetes prevalence was 
examined through a multivariable logistic regression 

intensity exercise” as moderate physical activity and 
“strenuous work” and “hard-intensity exercise” as 
vigorous physical activity30). The average times of 
moderate and vigorous physical activities during 
leisure time were determined by multiplying frequency 
and duration. Subsequently, we calculated the minutes 
of moderate-intensity activity per week by adding the 
duration of walking and average time of moderate 
physical activity during leisure time. Similarly, we 
calculated the minutes of vigorous physical activity 
per week by adding the duration of strenuous work 
and average time of vigorous physical activity during 
leisure time. Physical activity was defined as at least 
150 min of activity with moderate intensity weekly or 
75 min of vigorous activity weekly according to the 
WHO guideliness31). We collected non-fasting blood 
samples. The GGT levels were measured using an 
enzymatic method. A higher GGT was defined as 
GGT ≥ 50 IU/L based on health examination results 
in Japan25). GGT is commonly considered a marker of 
excessive alcohol consumption and visceral fat 
especially for hepatic steatosis32, 33). However, previous 
studies have shown that higher GGT is associated with 
diabetes regardless of drinking status and BMI25, 26, 34). 
Therefore, we used GGT level as a surrogate marker 
of alcohol consumption because there is a U-shaped 
relation between alcohol drinking and incident 
diabetes 26). Overall lifestyle was subsequently 
categorized into ideal (having at least three ideal 
lifestyle factors), poor (having at least three poor 
lifestyle factors), or intermediate (having two ideal 
lifestyle factors). We collected information on family 
history through a self-reported questionnaire. 
Participants answered whether they had a family 
history of diabetes through their biological father, 
mother, brother, and sister. If they answered that at 
least one of them had diabetes, they were deemed to 
have a family history of diabetes.

Diabetes
Non-fasting glucose levels were measured using 

the hexokinase method. HbA1c levels were measured 
using the latex agglutination turbidimetry method. 
Diabetes was defined as non-fasting glucose ≥ 200 
mg/dL, HbA1c ≥ 6.5% (48 mmol/mol), and/or self-
reported treatment for diabetes.

Genotyping, Quality Control, and PRS Derived 
from BioBank Japan

Study participants were genotyped using 
Affymetrix Axiom Japonica Array (v2) separately in 21 
batches35). For quality control, we excluded plates with 
an average call rate ＜0.95 and removed samples with 
Dish QC metric ＜0.82 or step1 call rate ＜0.97 
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(44.3%), 6,906 (89.2%), 467 (6.0%), and 992 
(12.8%), respectively (Table 1). Compared with 
participants without a family hi story of diabetes, 
participants with a family history of diabetes have 
higher BMI, glucose, HbA1c levels, and higher 
proportion of women. Additionally, participants with 
a family history of diabetes have a slightly higher PRS 
than those without a family history of diabetes 
(Supplemental Table 2).

Association of Lifestyle with Diabetes Prevalence
A poor lifestyle was associated with increased 

prevalence of diabetes. The multivariate ORs were 
1.00 (reference), 1.58 (1.25–1.98), and 2.37 (1.74–
3.20) for ideal, intermediate, and poor lifestyles, 
respectively.

Associations of PRS with Diabetes Prevalence
A higher PRS indicates a higher OR for diabetes 

prevalence. The multivariate ORs were 1.00 for the 
low genetic risk, 1.96 (1.49–2.60) for the intermediate 
genetic risk, and 3.16 (2.45–4.12) for the high genetic 
risk.

Associations of a Family History of Diabetes with 
Diabetes Prevalence

Participants with a family history have 
significantly higher ORs for diabetes (OR, 4.43 [95% 
CI, 3.54–5.52]).

Associations of Combined Lifestyle and Genetic 
Risk with Diabetes Prevalence

A poor lifestyle was associated with a higher OR 
of diabetes within each category of genetic risk. 
Compared with a low genetic risk and an ideal 
lifestyle, participants with a low genetic risk and a 
poor lifestyle had a significantly higher OR (3.31; 
95% CI, 1.84–5.76). Similarly, a higher genetic risk 
was associated with a higher OR of diabetes within 
each lifestyle category. Participants with a high genetic 
risk and an ideal lifestyle had a significantly higher 
OR (2.85; 95% CI, 2.03–4.08). Participants with a 
high genetic risk and a poor lifestyle had a 
significantly higher OR of diabetes (OR, 5.63 [95% 
CI, 3.38–9.27]) (Supplemental Table 3).

Associations of Combined Lifestyle, Genetic Risk, 
and Family History of Diabetes with Diabetes 
Prevalence

A higher genetic risk and a poor lifestyle were 
positively associated with diabetes prevalence 
independent of family history (Table 2). Family 
history was positively associated with diabetes 
prevalence even among participants with a low genetic 

analysis. Subsequently, we combined the PRS tertile 
and lifestyle and made nine group categories. 
Multivariable logistic regression analysis was 
performed to test the association of genetic and 
lifestyle factors with diabetes prevalence. Finally, we 
combined family history, PRS ter tile, and lifestyle and 
made 18 group categories. To compare the 
characteristics of the participants with and without a 
family history of diabetes, we used the Student’s t-test 
for continuous variables, Mann–Whitney U test for 
nonparametric variables, and χ2-test for categorical 
variables. Multivariable logistic regression analysis was 
performed to test the influence of family history on 
the associations of combined genetic and lifestyle risks 
with diabetes. All models were adjusted for age, sex, 
and the first six principal components (to adjust for 
population structure). To investigate the influence of 
family history on predictive ability, we calculated the 
area under the receiver operating characteristic curve 
(AUROC), and 95% CI was calculated before and 
after adding family history to the statistical model, 
including PRS and lifestyle risk factors. AUROCs 
were compared using the DeLong test.

Furthermore, we conducted several sensitivity  
analyses. Participants with a treatment for diabetes 
might change their lifestyle and habits, such as quitting 
smoking and drinking, and might receive interventions 
regarding weight loss. Therefore, to rule out diabetes 
treatment, we excluded participants with a treatment 
for diabetes (n=348). Then, we stratified the analysis 
according to median age (＜60.0 years, ≥ 60.0 years). 
Finally, a similar analysis was performed only for non-
obese subjects (BMI＜25.0 kg/m2).

A two-sided P＜0.05 was considered statistically 
significant. Basic statistical analysis was performed 
using software R version 4.1.2 (R Foundation for 
Statistical Computing, Vienna, Austria).

Results

Participant Characteristics
A total of 7,745 participants included in the test 

data were analyzed to examine the associations of 
combined family history, PRS, and lifestyle risk with 
diabetes. The mean (SD) values for age, BMI, glucose, 
and HbA1c of the study participants were 57.3 (13.4) 
years, 22.7 (3.5) kg/m2, 88.3 (16.7) mg/dL, and 5.5% 
(0.5%), respectively. The median (interquartile range) 
value of GGT was 19.0 [14.0, 30.0]. The proportions 
(%) of women, non-obese, never-smoker, those who 
have regular physical activity, those who have low 
GGT (＜50.0), those who have diabetes, and those 
who have a family history of diabetes were 5,911 
(76.3%), 6,019 (77.7%), 5,167 (66.7%), 3,430 
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Table 1. Characteristics of the study participants according to combined genetic and lifestyle risk and family history of diabetes
Family history No (n =6,753)
Genetic risk Low genetic risk Intermediate genetic risk High genetic risk
Lifestyle Ideal Intermediate Poor Ideal Intermediate Poor Ideal Intermediate Poor
Number 1578 541 184 1499 541 214 1419 570 207
Age, years 57.8 (14.0) 56.8 (13.6) 57.9 (12.0) 58.3 (13.5) 56.0 (12.4) 55.1 (12.3) 57.9 (13.9) 56.0 (13.6) 55.2 (12.7)
Women, % 1335 (84.6) 331 (61.2) 61 (33.2) 1274 (85.0) 358 (66.2) 81 (37.9) 1212 (85.4) 377 (66.1) 81 (39.1)
BMI, kg/m2 21.6 (2.8) 23.5 (3.7) 26.1 (3.2) 21.7 (2.6) 23.9 (3.8) 26.7 (3.5) 21.8 (2.7) 24.3 (3.9) 26.4 (3.7)
Glucose, mg/dl 85.5 (11.8) 88.1 (14.4) 91.4 (16.4) 86.2 (12.7) 89.6 (17.1) 92.6 (16.9) 87.7 (16.0) 91.6 (23.6) 92.5 (21.7)
HbA1c, % 5.4 (0.3) 5.4 (0.4) 5.6 (0.7) 5.5 (0.4) 5.5 (0.5) 5.6 (0.5) 5.5 (0.4) 5.6 (0.6) 5.7 (0.7)
Prevalence of diabetes, % 34 (2.2) 15 (2.8) 16 (8.7) 64 (4.3) 28 (5.2) 15 (7.0) 70 (4.9) 54 (9.5) 23 (11.1)
Treatment for diabetes 22 (1.4) 11 (2.0) 9 (4.9) 53 (3.5) 20 (3.7) 11 (5.1) 53 (3.7) 40 (7.0) 9 (4.3)
METs, MET-min/week 99.2 38.6 33.5 105.0 39.0 27.0 99.0 38.5 34.8

[13.5, 248.9] [0.0, 142.7] [2.8, 113.0] [18.0, 238.7] [2.8, 115.7] [0.0, 85.4] [17.4, 261.3] [0.0, 135.0] [0.0, 87.9]
GGT, IU/L 17.0 23.0 56.5 18.0 24.0 51.0 18.0 24.0 56.0

[13.0, 23.0] [16.0, 37.0] [29.8, 75.2] [14.0, 25.0] [16.0, 36.0] [29.2, 79.8] [14.0, 24.5] [16.0, 37.0] [36.0, 77.5]
Smoking status, %

Never-smoker 1355 (85.9) 178 (32.9) 26 (14.1) 1273 (84.9) 192 (35.5) 22 (10.3) 1204 (84.8) 211 (37.0) 33 (15.9)
Ex-smoker 149 (9.4) 245 (45.3) 93 (50.5) 157 (10.5) 248 (45.8) 121 (56.5) 143 (10.1) 241 (42.3) 115 (55.6)
Current smoker 74 (4.7) 118 (21.8) 65 (35.3) 69 (4.6) 101 (187) 71 (33.2) 72 (5.1) 118 (20.7) 59 (38.6)

Drinking status, %
Never-drinker 774 (49.0) 178 (32.9) 47 (25.5) 754 (50.3) 181 (33.5) 51 (23.8) 700 (49.3) 208 (36.5) 43 (20.8)
Ex-drinker 33 (2.1) 20 (3.7) 4 (2.2) 23 (1.5) 18 (3.3) 1 (0.5) 27 (1.9) 23 (4.0) 8 (3.9)
Current drinker (＜23g/day) 608 (38.5) 218 (40.3) 56 (30.4) 559 (37.3) 213 (39.4) 71 (33.2) 527 (37.1) 204 (35.8) 76 (36.7)
Current (≥ 23g/day) 163 (10.3) 125 (23.1) 77 (41.8) 163 (10.9) 129 (23.8) 91 (42.5) 165 (11.6) 135 (23.7) 80 (38.6)

Healthy lifestyle factors
Non-obesity 1446 (91.6) 341 (63..0) 48 (26.1) 1386 (92.5) 319 (59.0) 47 (22.0) 1307 (92.1) 329 (57.7) 46 (22.2)
Never-smoker 1355 (85.9) 178 (32.9) 26 (14.1) 1273 (84.9) 192 (35.5) 22 (10.3) 1204 (84.8) 211 (37.0) 33 (15.9)
Regular physical activity 909 (57.6) 108 (20.0) 17 (9.2) 867 (57.8) 108 (20.0) 22 (10.3) 835 (58.8) 122 (21.4) 16 (7.7)
GGT, ＜50.0 IU/L 1540 (97.6) 455 (84.1) 68 (37.0) 147 (98.3) 463 (85.6) 94 (43.9) 1382 (97.4) 478 (83.9) 75 (36.2)

Family history Yes (n =992) Overall
Genetic risk Low genetic risk Intermediate genetic risk High genetic risk
Lifestyle Ideal Intermediate Poor Ideal Intermediate Poor Ideal Intermediate Poor
Number 193 65 21 206 90 31 240 107 39 7745
Age, years 57.4 (12.9) 54.1 (12.3) 58.5 (13.4) 56.7 (12.6) 55.4 (13.0) 54.0 (12.6) 58.2 (11.8) 56.4 (12.0) 54.5 (12.2) 57.3 (13.4)
Women, % 174 (90.2) 46 (70.8) 8 (38.1) 183 (88.8) 66 (73.3) 18 (58.1) 212 (88.3) 77 (72.0) 17 (43.6) 5911 (76.3)
BMI, kg/m2 21.3 (2.5) 24.0 (3.8) 26.1 (3.9) 21.9 (3.1) 25.2 (4.1) 27.5 (4.2) 22.0 (2.8) 24.2 (3.6) 26.9 (3.9) 22.7 (3.5)
Glucose, mg/dl 87.3 (11.0) 89.4 (17.5) 88.0 (11.6) 88.9 (17.1) 92.5 (19.5) 97.3 (23.2) 93.2 (28.3) 100.1 (32.1) 91.0 (19.0) 88.3 (16.7)
HbA1c, % 5.5 (0.4) 5.5 (0.5) 5.8 (0.6) 5.6 (0.5) 5.8 (0.7) 6.0 (0.6) 5.8 (0.8) 5.9 (1.1) 5.7 (0.5) 5.5 (0.5)
Prevalence of diabetes, % 12 (6.2) 4 (6.2) 5 (23.8) 19 (9.2) 14 (15.6) 10 (32.3) 53 (22.1) 24 (22.4) 7 (17.9) 467 (6.0)
Treatment for diabetes 10 (5.2) 4 (6.2) 3 (14.3) 17 (8.3) 12 (13.3) 6 (19.4) 41 (17.1) 16 (15.0) 7 (17.9) 344 (4.4)
METs, MET-min/week 98.4 30.0 18.0 126.3 38.9 64.5 90.0 49.0 27.0 67.5

[18.0, 252.0] [0.0, 90.0] [2.8, 67.5] [31.5, 247.6] [3.2, 137.1] [0.0, 103.5] [18.0, 224.7] [8.7, 129.9] [0.0, 64.3] [9.0, 200.0]
GGT, IU/L 16.0 22.0 55.0 19.0 26.0 54.0 18.0 23.0 53.0 19.0

[13.0, 22.0] [16.0, 36.0] [19.0, 79.0] [14.0, 24.0] [16.0, 37.6] [36.5, 84.5] [14.0, 25.0] [16.5, 44.5] [37.5, 91.0] [14.0, 30.0]
Smoking status, %

Never-smoker 168 (87.0) 22 (33.8) 0 (0.0) 183 (88.8) 39 (43.3) 4 (12.9) 205 (85.4) 47 (43.9) 5 (12.8) 5167 (66.7)
Ex-smoker 22 (11.4) 30 (46.2) 19 (90.5) 19 (9.2) 37 (41.1) 13 (41.9) 30 (12.5) 40 (37.4) 26 (66.7) 1748 (22.6)
Current smoker 3 (1.6) 13 (20.0) 2 (9.5) 4 (1.9) 14 (15.6) 14 (45.2) 5 (2.1) 20 (18.7) 8 (20.5) 830 (10.7)

Drinking status, %
Never-drinker 103 (53.4) 20 (30.8) 8 (38.1) 107 (61.9) 34 (37.8) 9 (29.0) 107 (44.6) 37 (34.6) 12 (30.8) 3373 (43.6)
Ex-drinker 3 (1.6) 1 (1.5) 0 (0.0) 2 (1.0) 6 (6.7) 1 (3.2) 6 (2.5) 3 (2.8) 0 (0.0) 179 (2.3)
Current drinker (＜23g/day) 75 (38.9) 28 (43.1) 6 (28.6) 83 (40.3) 32 (35.6) 10 (32.3) 104 (43.3) 44 (41.1) 13 (33.3) 2927 (37.8)
Current (≥ 23g/day) 12 (6.2) 16 (24.6) 7 (33.3) 14 (6.8) 18 (20.0) 11 (35.5) 23 (9.6) 23 (21.5) 14 (35.9) 1266 (16.3)

Healthy lifestyle factors
Non-obesity 182 (94.3) 39 (60.0) 5 (23.8) 183 (88.8) 41 (45.6) 5 (16.1) 218 (90.8) 65 (60.7) 12 (30.8) 6019 (77.7)
Never-smoker 168 (87.0) 22 (33.8) 0 (0.0) 183 (88.8) 39 (43.3) 4 (12.9) 205 (85.4) 47 (43.9) 5 (12.8) 5167 (66.7)
Regular physical activity 106 (54.9) 12 (18.5) 3 (14.3) 114 (55.3) 25 (27.8) 3 (9.7) 139 (57.9) 19 (17.8) 5 (12.8) 3430 (44.3)

GGT, ＜50.0 IU/L 191 (99.0) 57 (87.7) 9 (42.9) 103 (98.5) 75 (83.3) 11 (35.5) 236 (98.3) 83 (77.6) 13 (33.3) 6906 (89.2)
BMI, body mass index; GGT, gamma-glutamyl transferase; METs, metabolic equivalents, 
Diabetes: defined as non-fasting glucose ≥ 200 mg/dL, hemoglobin A1c ≥ 6.5, and/or self-reported treatment for diabetes.
Non-obesity: defined as BMI ＜25.0 kg/m2 based on the Western Pacific Region of the World Health Organization criteria for Japanese individuals.
Never-smoker: defined as participants who had smoked ＜100 cigarettes during their lifetime.
Regular physical activity: defined as meeting the American Heart Association recommendations of at least 150 min of moderate activity per week or 
75 min of vigorous activity per week (or an equivalent combination).
A higher GGT was defined as GGT ≥ 50 IU/L based on health examination in Japan.
Overall lifestyle was subsequently categorized into ideal (having least three ideal lifestyle factors), poor (having at least three poor lifestyle factors), 
or intermediate (all other combination).
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The same pattern of associations was found in 
the sensitivity analysis, excluding participants with a 
treatment for diabetes (Supplemental Table 4). 
Additionally, because younger participants may not 
yet have a clear family history, the contribution of 
PRS may be greater in young than in elderly 
participants. Although we conducted stratified analysis 
by age, the results were substantially unchanged 
compared with those using all participants 
(Supplemental Tables 5 and 6). This stratified 
analysis did not show that the increase in AUROC 
was greater for younger participants when PRS was 
added to a model that included family history and 

risk and an ideal lifestyle (OR, 3.58 [95% CI, 1.76–
6.98]). Even among participants without a family 
history, participants with a low genetic risk and a poor 
lifestyle had significantly higher ORs for diabetes 
prevalence (OR, 3.73 [95% CI, 1.92–7.00]). 
Furthermore, participants with a high genetic risk, 
poor lifestyle, and family history had significantly 
higher ORs for diabetes prevalence (OR, 12.00 [95% 
CI, 4.34–29.97]). The AUROC value (95% CI) for 
combined PRS and lifestyle was 0.774 (0.755–0.793) 
and that for combined family history, PRS, and 
lifestyle was 0.802 (0.783–0.821) (P for difference＜
0.001) (Table 3).

Tabl e 2. Associations of combined family history and genetic and lifestyle risk with diabetes

DM/number of 
participants

% OR, 95%CI

Family history, no Low genetic risk Ideal (＜1 poor factors) 34/1578 (2.2) Ref
Intermediate (2 poor factors) 15/541 (2.8) 1.19 (0.62-2.19)
Poor (＞3 poor factors) 16/184 (8.7) 3.73 (1.92-7.00)

Intermediate genetic risk Ideal (＜1 poor factors) 64/1499 (4.3) 2.10 (1.38-3.25)
Intermediate (2 poor factors) 28/541 (5.2) 2.81 (1.65-4.74)
Poor (＞3 poor factors) 15/214 (7.0) 3.61 (1.83-6.83)

High genetic risk Ideal (＜1 poor factors) 70/1419 (4.9) 2.49 (1.65-3.85)
Intermediate (2 poor factors) 54/570 (9.5) 5.21 (3.31-8.29)
Poor (＞3 poor factors) 23/207 (11.1) 6.19 (3.42-11.03)

Family history, yes Low genetic risk Ideal (＜1 poor factors) 12/193 (6.2) 3.58 (1.73-6.98)
Intermediate (2 poor factors) 4/65 (6.2) 4.27 (1.22-11.49)
Poor (＞3 poor factors) 5/21 (23.8) 12.01 (3.43-36.90)

Intermediate genetic risk Ideal (＜1 poor factors) 19/206 (9.2) 6.02 (3.25-10.85)
Intermediate (2 poor factors) 14/90 (15.6) 11.25 (5.45-22.31)
Poor (＞3 poor factors) 10/31 (32.3) 34.83 (13.74-85.27)

High genetic risk Ideal (＜1 poor factors) 53/240 (22.1) 16.99 (10.59-27.60)
Intermediate (2 poor factors) 24/107 (22.4) 17.82 (9.68-32.51)
Poor (＞3 poor factors) 7/39 (17.9) 12.00 (4.34-29.97)

Abbreviations: CI, confidence interval; DM, diabetes mellitus; OR, odds ratio.
Adjusted for age, sex and first six principal components.

Tabl e 3. Area under the receiver operating characteristic curve for genetic and lifestyle risk to predict diabetes

Area under the receiver operating characteristic curve (95% CI)

Model 1a 0.738 (0.718-0.758)
Model 1 + PRS 0.764 (0.744-0.784)
Model 1 + lifestyle score 0.751 (0.732-0.770)
Model 1 + family history 0.776 (0.757-0.796)
Model 1 + PRS + lifestyle score 0.774 (0.755-0.793)
Model 1 + PRS + family history 0.793 (0.773-0.813)
Model 1 + lifestyle + family history 0.788 (0.769-0.807)
Model 1 + PRS + lifestyle + family history 0.802 (0.783-0.821)

Abbreviations: CI, confidence interval; PRS, polygenic risk score.
a  Model 1 was adjusted for age, sex, and the top six principal components.
Diabetes: defined as non-fasting glucose ≥ 200 mg/dL, hemoglobin A1c ≥ 6.5, and/or self-reported treatment for diabetes.
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A family history of diabetes is a well-known risk 
factor for the incidence of diabetes in offspring18-20). It 
may also likely reflect genetic and shared 
environmental factors among family members. 
However, several studies showed that family history is 
completely unexplained by genetic, lifestyle, and 
anthropometric risk factors18-20). In the European 
Prospective Investigation into Cancer and Nutrition 
study, anthropometric, genetic, and lifestyle risks, 
including physical activity, smoking status, and 
Mediterranean diet pattern, explained only 13% of 
the risk of diabetes associated with family history19). 
Our study found that family history was associated 
with higher ORs for diabetes prevalence irrespective of 
genetic and lifestyle risks, which is consistent with 
previous studies. This finding suggests that family 
history conveys more than heritable genetic 
information and lifestyle. Therefore, further studies 
are warranted to discover factors that may explain the 
association of family history with diabetes, which 
might provide new insights into the etiology of 
diabetes. In the current study, even among participants 
with a family history of diabetes, participants with 
healthier lifestyle factors had lower ORs for diabetes 
prevalence even within each category of genetic risk. 
This finding indicates that adhering to a healthy 
lifestyle might be important to prevent diabetes 
regardless of genetic risk and family history of 
diabetes. However, family history was positively 
associated with diabetes even among participants with 
a low genetic risk and an ideal lifestyle.  Therefore, 
individuals with a low genetic risk and an ideal 
lifestyle but with a family history of diabetes must be 
screened frequently for prevention and early 
intervention. Additionally, information on lifestyle 
risk and family history are collected in the clinical 
setting, but our study showed that genetic risk is 
associated with the prevalence of diabetes regardless of 
lifestyle risk and family history. Therefore,  genetic risk 
may need to be considered to stratify individuals at a 
high risk of diabetes.

Previous studies showed that adding family 
history, in addition to genetic and lifestyle risks, 
improved the predictive ability for diabetes beyond 
genetic and lifestyle risks40, 41). In the current study, 
incorporating family history achieved significantly 
greater predictive ability than that of a model with 
known lifestyle risk and PRS, which is consistent with 
previous studies. In the clinical setting, collecting 
information on family history can be easily conducted. 
Therefore, information on the family history of 
diabetes may be useful for the assessment of diabetes 
risk and tailoring of personalized medicine using 
lifestyle and genetic information.

lifestyle risk (Supplemental Table 7). Finally, we 
restricted ourselves to non-obese participants, but the 
results were essentially unchanged compared with 
those using all participants (Supplemental Table 8).

Discussion

In this general community-based population of 
approximately 9,000 Japanese individuals, a high PRS 
was associated with a higher OR for diabetes 
prevalence independent of lifestyle and family history. 
Conversely, an ideal lifestyle was associated with a 
decreased OR for diabetes prevalence regardless of 
genetic risk and family history. Furthermore, even 
among participants with a low PRS and an ideal 
lifestyle, participants with a family history had a 
significantly higher OR for diabetes prevalence 
compared with participants without a family history. 
Because it is more likely that family members have not 
yet developed diabetes in younger individuals and that 
their family history is unclear, we hypothesized that 
the contribution of PRS to diabetes would be higher 
in younger that in older adults. Although we 
conducted a stratified analysis by age, the associations 
were essentially unchanged. Furthermore, the increase 
in AUROC was not greater for younger than older 
participants when PRS was added to a model that 
included family history and lifestyle risk.

Several previous studies have reported the 
associations of combined genetic and lifestyle risks 
with diabetes. A high genetic risk and an unfavorable 
lifestyle, such as obesity, physical inactivity, smoking, 
and unhealthy and dietary patterns,  were 
independently associated with an increased risk of 
diabetes in European and US population15, 16, 36, 37). A 
previous study in Asia showed that genetic factors 
were independently associated with the risk of 
diabetes. However, a healthy lifestyle was associated 
with a significantly lower risk of diabetes even among 
any genetic risk groups17). Asians might have lower 
insulin sensitivity3, 38). In fact, a large-scale GWAS of a 
Japanese population detected several variants in genes 
related to pancreatic acinar cells and insulin 
secretion7). Furthermore, genetic risk allele frequencies 
and risk factors are different between Asian and other 
continental populations3, 39). Despite the differences in 
genetic and lifestyle risks between Japanese and other 
populations, no studies that combined genetic and 
lifestyle risks to quantitatively assess the association of 
diabetes have been reported in a Japanese population. 
We observed that lifestyle and genetic factors were 
independently associated with the prevalence of 
diabetes among the Japanese population, which is 
consistent with the findings of previous studies.
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prevent diabetes in any genetic risk groups. 
Additionally, genetic risk may need to be considered 
to stratify individuals at a high risk of diabetes. Family 
history must also be considered for diabetes 
prevention even among participants with a low genetic 
risk and an ideal lifestyle.
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 Supplemental Table1. P-value threshold and related parameters on PRS construction

Traits P-threshold Number of SNP R2

HbA1c 5.0 × 10-8 102 0.0083587720365206
0.001 1523 0.0069292604848436
0.01 5760 0.0061782942260876
0.05 16637 0.0108040782866358
0.1 26742 0.0111353862108406
0.2 42845 0.0111962866537727
0.3 56383 0.0102524876262533
0.4 68077 0.0101184426932776
0.5 78302 0.0092796911886064

Bold fonts in this table indicate the best fit and settings for our analysis. PRS, polygenic risk score.

Supplemental Table 2. Characteristics of participants according to family history

Family history No Yes P for difference

Number 6753 992
Age, years 57.4 (13.6) 56.7 (12.4) 0.160
Women, % 5110 (75.7) 801 (80.7) 0.001
BMI, kg/m2 22.7 (3.4) 22.9 (3.7) 0.033
Glucose, mg/dl 87.8 (15.6) 91.5 (22.1) ＜0.001
HbA1c, % 5.5 (0.5) 5.7 (0.7) ＜0.001
Prevalence of diabetes, % 319 (4.7) 148 (14.9) ＜0.001
Treatment for diabetes 228 (3.4) 116 (11.7) ＜0.001
GGT, IU/L 19.0 [14.0, 30.0] 20.0 [15.0, 31.0] 0.418
METs, MET-min/week 67.5 [9.0, 200.6] 72.0 [9.5, 197.6] 0.828
Smoking status, % 0.033

Never-smoker 4494 (66.5) 673 (67.8)
Ex-smoker 1512 (22.4) 236 (23.8)
Current smoker 747 (11.1) 83 (8.4)

Drinking status, % 0.140
Never-drinker 2936 (43.5) 437 (44.1)
Ex-drinker 157 (2.3) 22 (2.2)
Current drinker (＜23g/day) 2532 (37.5) 395 (39.8)
Current drinker (≥ 23g/day) 1128 (16.7) 138 (13.9)

Healthy lifestyle factors
Non-obesity 5269 (78.0) 750 (75.6) 0.095
Never-smoker 4494 (66.5) 673 (67.8) 0.440
Regular physical activity 3004 (44.5) 426 (42.9) 0.380
GGT, ＜50.0 IU/L 6028 (89.3) 878 (88.5) 0.509
PRS -0.00028 (0.00005) -0.0027 (0.00004) ＜0.001

BMI, body mass index; GGT, gamma-glutamyl transferase; METs, metabolic equivalents; PRS, polygenic risk score
Diabetes: defined as non-fasting glucose ≥ 200 mg/dL, hemoglobin A1c ≥ 6.5, and/or self-reported treatment for diabetes.
Non-obesity: defined as BMI ＜25.0 kg/m2 based on the Western Pacific Region of the World Health Organization criteria for Japanese individuals.
Never-smoker: defined as participants who had smoked ＜100 cigarettes during their lifetime.
Regular physical activity: defined as meeting the American Heart Association recommendations of at least 150 min of moderate activity per week or 
75 min of vigorous activity per week (or an equivalent combination).
A higher GGT was defined as GGT ≥ 50 IU/L based on health examination in Japan.
 To compare the characteristics of participants with and without family history of diabetes, we used the Student’s t-test for continuous variables, 
Mann-Whitney U test for nonparametric variables, and the χ2-test for categorical variables.
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Supplemental Table 3. Associations of lifestyle and PRS with diabetes prevalence

DM/number of participants % OR, 95%CI

Low genetic risk Ideal (＜1 poor factors) 46/1771 (2.6) Ref
Intermediate (2 poor factors) 19/606 (3.1) 1.53 (0.91-2.49)
Poor (＞3 poor factors) 21/205 (10.2) 3.31 (1.84-5.76)

Intermediate genetic risk Ideal (＜1 poor factors) 83/1705 (4.9) 1.99 (1.39-2.88)
Intermediate (2 poor factors) 42/631 (6.7) 2.98 (1.92-4.59)
Poor (＞3 poor factors) 25/245 (10.2) 4.78 (2.82-7.99)

High genetic risk Ideal (＜1 poor factors) 123/1659 (7.4) 2.85 (2.03-4.08)
Intermediate (2 poor factors) 78/677 (11.5) 4.85 (3.31-7.16)
Poor (＞3 poor factors) 30/246 (12.2) 5.63 (3.38-9.27)

Abbreviations: PRS, polygenic risk score; CI, confidence interval; DM, diabetes mellitus; OR, odds ratio.
Analysis by multivariable logistic regression model.
Adjusted for age, sex, first six principal components.

Supplemental Table 4.  Associations of family history, PRS, and lifestyle risk with diabetes prevalence among participants without
treatment for diabetes

DM/number of 
participants

% OR, 95%CI

Family history, no Low genetic risk Ideal (＜1 poor factors) 11/1521 (0.7) Ref
Intermediate (2 poor factors) 4/517 (0.8) 1.03 (0.28-3.06)
Poor (＞3 poor factors) 7/171 (4.1) 5.15 (1.81-13.77)

Intermediate genetic risk Ideal (＜1 poor factors) 12/1449 (0.8) 1.17 (0.51-2.71)
Intermediate (2 poor factors) 8/528 (1.5) 2.38 (0.91-5.98)
Poor (＞3 poor factors) 3/202 (1.5) 2.25 (0.50-7.53)

High genetic risk Ideal (＜1 poor factors) 17/1398 (1.2) 1.78 (0.84-3.93)
Intermediate (2 poor factors) 14/536 (2.6) 3.96 (1.76-9.11)
Poor (＞3 poor factors) 15/203 (7.4) 12.64 (5.55-29.66)

Family history, yes Low genetic risk Ideal (＜1 poor factors) 2/182 (1.1) 1.73 (0.27-6.56)
Intermediate (2 poor factors) 0/58 (0.0) 0.00 (0.00-39.43)
Poor (＞3 poor factors) 2/18 (11.1) 15.19 (2.11-69.20)

Intermediate genetic risk Ideal (＜1 poor factors) 2/186 (1.1) 1.81 (0.28-6.87)
Intermediate (2 poor factors) 2/78 (2.6) 4.50 (0.68-17.57)
Poor (＞3 poor factors) 4/24 (16.7) 38.77 (9.58-134.26)

High genetic risk Ideal (＜1 poor factors) 12/203 (5.9) 10.89 (4.65-25.79)
Intermediate (2 poor factors) 8/94 (8.5) 17.23 (6.37-44.87)
Poor (＞3 poor factors) 0/33 (0.0) 0.00 (0.00-0.00)

Abbreviations: PRS, polygenic risk score; CI, confidence interval; DM, diabetes mellitus; OR, odds ratio.
Analysis by multivariable logistic regression model.
Adjusted for age, sex and first 6 principal components.
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Supplemental Table 5.  Associations of family history, PRS, and lifestyle risk with diabetes prevalence among participants under 60
years old

DM/number of 
participants

% OR, 95%CI

Family history, no Low genetic risk Ideal (＜1 poor factors) 3/716 (0.4) Ref
Intermediate (2 poor factors) 3/277 (1.1) 2.18 (0.40-11.97)
Poor (＞3 poor factors) 8/85 (9.4) 13.86 (3.68-67.01)

Intermediate genetic risk Ideal (＜1 poor factors) 5/663 (0.8) 1.77 (0.43-8.71)
Intermediate (2 poor factors) 6/290 (2.1) 4.44 (1.14-21.37)
Poor (＞3 poor factors) 3/124 (2.4) 3.48 (0.62-19.63)

High genetic risk Ideal (＜1 poor factors) 5/611 (0.8) 2.07 (0.50-10.18)
Intermediate (2 poor factors) 10/295 (3.4) 7.96 (2.38-36.02)
Poor (＞3 poor factors) 7/118 (5.9) 10 (2.63-48.26)

Family history, yes Low genetic risk Ideal (＜1 poor factors) 3/94 (3.2) 6.91 (1.24-38.51)
Intermediate (2 poor factors) 1/40 (2.5) 4.95 (0.24-40.99)
Poor (＞3 poor factors) 0/10 (0.0) 0 (0.00-0.00)

Intermediate genetic risk Ideal (＜1 poor factors) 2/98 (2.0) 4.9 (0.63-30.24)
Intermediate (2 poor factors) 4/49 (8.2) 20.61 (4.29-110.14)
Poor (＞3 poor factors) 4/18 (22.2) 70.71 (12.96-425.89)

High genetic risk Ideal (＜1 poor factors) 5/115 (4.3) 9.67 (2.31-48.11)
Intermediate (2 poor factors) 7/60 (11.7) 27.42 (7.25-131.94)
Poor (＞3 poor factors) 2/22 (9.1) 22.08 (23.67-148.56)

Abbreviations: PRS, polygenic risk score; CI, confidence interval; DM, diabetes mellitus; OR, odds ratio.
Analysis by multivariable logistic regression model.
Adjusted for age, sex and first 6 principal components.

Supplemental Table 6.  Associations of family history, PRS, and lifestyle risk with diabetes prevalence among participants over 60
years old

DM/number of 
participants

% OR, 95%CI

Family history, no Low genetic risk Ideal (＜1 poor factors) 31/862 (3.6) Ref
Intermediate (2 poor factors) 12/264 (4.5) 1.08 (0.52-2.11)
Poor (＞3 poor factors) 8/99 (8.1) 1.95 (0.80-4.26)

Intermediate genetic risk Ideal (＜1 poor factors) 59/836 (7.1) 2.11 (1.36-3.35)
Intermediate (2 poor factors) 22/251 (8.8) 2.5 (1.39-4.42)
Poor (＞3 poor factors) 12/90 (13.3) 3.58 (1.67-7.24)

High genetic risk Ideal (＜1 poor factors) 65/808 (8.0) 2.5 (1.62-3.93)
Intermediate (2 poor factors) 44/275 (16.0) 4.77 (2.92-7.86)
Poor (＞3 poor factors) 16/89 (18.0) 5.15 (2.59-9.95)

Family history, yes Low genetic risk Ideal (＜1 poor factors) 9/99 (9.1) 2.99 (1.30-6.28)
Intermediate (2 poor factors) 3/25 (12.0) 3.99 (0.91-12.46)
Poor (＞3 poor factors) 5/11 (45.5) 15.99 (4.24-58.17)

Intermediate genetic risk Ideal (＜1 poor factors) 17/108 (15.7) 6.02 (3.12-11.30)
Intermediate (2 poor factors) 10/41 (24.4) 9.18 (3.92-20.22)
Poor (＞3 poor factors) 6/13 (46.2) 23.93 (7.20-77.52)

High genetic risk Ideal (＜1 poor factors) 48/125 (38.4) 19.6 (11.73-33.23)
Intermediate (2 poor factors) 17/47 (36.2) 15.73 (7.65-31.95)
Poor (＞3 poor factors) 5/17 (29.4) 9.83 (2.92-29.05)

Abbreviations: PRS, polygenic risk score; CI, confidence interval; DM, diabetes mellitus; OR, odds ratio.
Analysis by multivariable logistic regression model.
Adjusted for age, sex and first 6 principal components.
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Supplemental Table 7.  Area under the receiver operating characteristic curve for genetic and lifestyle risk to predict diabetes 
according to median age

＜60 years old ≥ 60 years old

Area under the receiver operating characteristic curve (95% CI)

Model 1a 0.766 (0.714-0.817) 0.616 (0.587-0.645)
Model 1 + PRS 0.775 (0.722-0.828) 0.672 (0.644-0.700)
Model 1 + lifestyle score 0.792 (0.743-0.841) 0.635 (0.607-0.663)
Model 1 + family history 0.807 (0.762-0.852) 0.688 (0.660-0.717)
Model 1 + PRS + lifestyle score 0.801 (0.752-0.851) 0.683 (0.656-0.710)
Model 1 + PRS + family history 0.810 (0.764-0.857) 0.720 (0.693-0.748)
Model 1 + lifestyle + family history 0.829 (0.783-0.875) 0.701 (0.674-0.729)
Model 1 + PRS + lifestyle + family history 0.831 (0.784-0.877) 0.729 (0.702-0.757)

Abbreviations: CI, confidence interval; PRS, polygenic risk score.
a  Model 1 was adjusted for age, sex, and the top six principal components.
Diabetes: defined as non-fasting glucose ≥ 200 mg/dL, hemoglobin A1c ≥ 6.5, and/or self-reported treatment for diabetes.

Supplemental Table 8. Associations of family history, PRS, and lifestyle risk with diabetes prevalence among non-obesity

DM/number of 
participants

% OR, 95%CI

Family history, no Low genetic risk Ideal (＜1 poor factors) 30/1446 (2.1) Ref
Intermediate (2 poor factors) 3/41 (19.5) 0.95 (0.39-2.05)
Poor (＞3 poor factors) 3/48 (6.3) 2.19 (0.50-6.80)

Intermediate genetic risk Ideal (＜1 poor factors) 56/1386 (4.0) 2.12 (1.35-3.40)
Intermediate (2 poor factors) 12/319 (3.8) 2.21 (1.05-4.39)
Poor (＞3 poor factors) 3/47 (6.4) 2.18 (0.48-6.98)

High genetic risk Ideal (＜1 poor factors) 61/1307 (4.7) 2.53 (1.62-4.04)
Intermediate (2 poor factors) 18/329 (5.5) 2.78 (1.46-5.18)
Poor (＞3 poor factors) 5/456 (1.1) 4.92 (1.53-13.31)

Family history, yes Low genetic risk Ideal (＜1 poor factors) 10/182 (5.5) 3.68 (1.65-7.62)
Intermediate (2 poor factors) 2/39 (5.1) 3.63 (0.56-13.59)
Poor (＞3 poor factors) 0/5 (0.0) 0.00 (0.00-0.00)

Intermediate genetic risk Ideal (＜1 poor factors) 17/183 (9.3) 6.91 (3.56-1306)
Intermediate (2 poor factors) 5/41 (12.2) 12.85 (3.93-35.63)
Poor (＞3 poor factors) 0/5 (0.0) 0.00 (0.00-0.00)

High genetic risk Ideal (＜1 poor factors) 47/218 (21.6) 19.66 (11.74-33.41)
Intermediate (2 poor factors) 8/65 (12.3) 8.59 (3.30-20.42)
Poor (＞3 poor factors) 1/12 (8.3) 4.51 (0.23-29.18)

Abbreviations: PRS, polygenic risk score; CI, confidence interval; DM, diabetes mellitus; OR, odds ratio.
Analysis by multivariable logistic regression model.
Adjusted for age, sex and first 6 principal components. 
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