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Purpose: This study focused on identifying the interaction effects of genetic and lifestyle-environmen- Revised: February 13, 2023

tal factors on the development of type 2 diabetes mellitus (T2D). Accepted: February 22, 2023
Methods: Study subjects were selected from the Korean Genome and Epidemiology Study (KoGES) from

2001 to 2014. Data on genetic variations, anthropometric measurements, biochemical data, and seven Corresponding author:

lifestyle factors (diet, physical activity, alcohol drinking, smoking, sleep, depression, and stress) were ob- Sangeun Jun

tained from 4,836 Koreans aged between 40 and 59 years, including those with T2D at baseline (n = College of Nursing, Keimyung
1,209), newly developed T2D (n= 1,298) and verified controls (n = 3,538). The genetic risk score (GRS) University, 1095 Dalgubeol-daero,
was calculated by using 11 single-nucleotide polymorphisms (SNPs) related to T2D development and the Dalseo-gu, Daegu 42601, Korea
second quartile was used as the reference category. A Cox proportional hazards regression model was Tel: +82-53-258-7653

Fax: +82-53-258-7616

used to evaluate the associations of GRS and lifestyle factors with T2D risk, controlling for covariates.
E-mail: sejun2@kmu.ac.kr

Results: Multivariate regression analysis revealed that GRS was the strongest risk factor for T2D, and
body mass index (BMI), smoking, drinking, and spicy food preference also increased the risk. Lifestyle/
environmental factors that showed significant interactions with GRS were BMI, current smoking, cur-
rent drinking, fatty food preference, and spicy food preference.

Conclusions: Interactions between genetic factors and lifestyle/environmental factors were associated
with an increased risk of T2D. The results will be useful to provide a new perspective on genetic profiling
for the earlier detection of T2D risk and clues for personalized interventions, which might be more ef-
fective prevention strategies or therapies in individuals with a genetic predisposition to T2D.
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Exclusion (n = 1,463)

Inclusion criteria of controls
- Fasting glucose <100 mg/dL
- 2h post-OGTT glucose < 140 mg/dL
- HbA1c < 5.7%
- No diabetes mellitus history

A

A

Included i

(n = 8,568)

n analysis

A4

A4

A 4

No genetic data (n = 1,190)
No clinical data (n = 273)

Inclusion criteria of T2D
- Fasting glucose =126 mg/dL
- 2h post-OGTT glucose > 200 mg/dL
- HbA1c > 6.5%
- Age at onset > 40

Control at baseline

T2D at baseline

T2D developed

(n=1,298)

Did not meet the inclusion

criteria for either controls or T2D
(n=2,523)

(n=7,359) (n=1,209)
| 1" examination T2D developed
v (n=273)
< Cumulative T2D
) (n=1482)
| 2™ examination T2D developed
v (n =293)
Cumulative T2D
(n=1,775)
| 3" examination T2D developed
v ! (n =220)
< Cumulative T2D
(n=1,995)
| 4" examination T2D developed
v (n=218)
Cumulative T2D
(n=2,213)
| 5" examination T2D developed
v - (n=163)
Cumulative T2D
(n=2,376)
6" examination T2D developed
> (n=131)
v A4
Verified control Verified T2D T2D developed in 12 years
(n =3,538) (n = 2,507) (n=1,298)

Figure 1. Overview of subjects for this study. HbATc=hemoglobin Alc; OGTT=oral glucose tolerance test; T2D=type 2 diabetes mellitus.
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Table 1. Comparisons of Baseline Characteristics between the Newly Identified T2D Group and Controls (N = 4,836)

L0 AN B Q01 HEHEE Q019 45 A

JKBNS

Controls Newly identified T2D
Variables Categories (n = 3,538) (n = 1,298) tix* p
n (%) or Mean + SD n (%) or Mean + SD
Sex Male 1,590 (44.9) 669 (51.5) 16.62 <.001
Female 1,948 (55.1) 629 (48.5)
Age (years) 49.98 + 8.38 52.77+£8.47 -10.22 <.001
Educational level < Elementary school 960 (27.3) 425 (32.9) 14.81 .002
Middle school 855 (24.3) 290 (22.5)
High school 1,198 (34.0) 401 (31.1)
> College 508 (14.4) 175 (13.6)
Marital status Not married 39 (1.1) 15(1.2) 1.94 .586
Married 3,251 (92.2) 1,180 (91.3)
Bereaved 165 (4.7) 73 (5.6)
Divorced or other 71 (2.0) 25(1.9)
Average monthly income (10,000 won) <50 512 (14.7) 243 (18.9) 13.52 .009
50-100 542 (15.5) 199 (15.5)
101-200 1,061 (30.4) 375(29.2)
201-300 712 (20.4) 236 (18.4)
> 300 662 (19.0) 232 (18.1)
Family history of T2D Father No 3,455 (97.7) 1,249 (96.2) 7.31 007
Yes 83 (2.3) 49 (3.8)
Mother No 3,367 (95.2) 1,211 (93.3) 6.57 .010
Yes 171 (4.8) 87 (6.7)
Siblings No 3,455 (97.7) 1,231 (94.8) 25.05 <.001
Yes 83 (2.3) 67 (5.2)
HbA1c (%) 532 £ 0.24 5.75 + 0.34 -40.94 <.001
Systolic BP (mmHg) 117.20 £ 18.07 123.96 = 19.12 -11.06 <.001
Diastolic BP (mmHg) 78.18 £ 11.99 81.91 + 12.06 -9.56 <.001
Total cholesterol (mg/dL) 184.54 + 33.51 195.36 + 34.24 -9.89 <.001
HDL cholesterol (mg/dL) 4547 + 10.09 43.14 + 9.66 7.19 <.001
Triglycerides (mg/dL) 138.74 + 76.83 187.72 + 11636 -14.08 <.001
Some of the variables have missing values.
BP=blood pressure; HoA1c=hemoglobin A1c; HDL=high-density lipoprotein; SD=standard deviation; T2D=type 2 diabetes mellitus.
o Atolell F-9Jgt ZpolE HQl 117H9] SNPs& o|-&5to] AAkgh o] Wolthp = .002). FA ARE 4 A2y Gty BT}
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Table 2. Comparisons of Lifestyle Factors between the Newly Identified T2D Group and Controls (N = 4,836)

JKBNS

Controls Newly identified T2D
Variable Classification (n = 3,538) (n = 1,298) t/x p
n (%) or Mean + SD n (%) or Mean + SD
Energy intake (keal) 1953.98 + 735.24 1925.87 £+ 665.81 1.21 227
Regularity of eating (days/week) Regular (6-7) 1413 (62.7) 591 (65.2) 347 117
Sometimes Irregular (3-5) 593 (26.3) 210 (23.2)
Irregular (0-2) 247 (11.0) 106 (11.7)
Salty food preference Strongly dislike 112(3.2) 40 (3.1) 18.61 001
Dislike 1170 (33.2) 371 (28.7)
Neutral 932 (26.4) 313 (24.2)
Preferred 1254 (35.6) 539 (41.8)
Highly preferred 59 (1.7) 28(2.2)
Spicy food preference Strongly dislike 131 (3.7) 50 (3.9) 27.98 <.001
Dislike 948 (26.9) 364 (28.2)
Neutral 997 (28.3) 280 (21.7)
Preferred 1368 (38.8) 545 (42.2)
Highly preferred 84 (2.4) 52 (4.0)
Fatty food preference Strongly dislike 261 (7.4) 98 (7.6) 13.38 010
Dislike 1775 (50.3) 640 (49.6)
Neutral 928 (26.3) 296 (22.9)
Preferred 541 (15.3) 243 (18.8)
Highly preferred 22(0.7) 13 (1.0)
BMI (kg/mz) 2403 + 2.80 2521 + 3.13 -10.67 <.001
Metabolic equivalents 9494.91 + 6231.12 9716.93 + 6251.78 -1.10 273
Current exercise No 1,480 (55.1) 636 (54.1) 0.31 576
Yes 1,206 (44.9) 539 (45.9)
Drinking Non-drinking 1,656 (47.0) 554 (42.8) 8.13 017
Past drinking 185 (5.2) 85 (6.6)
Current drinking 1,686 (47.8) 656 (50.7)
Alcohol consumption (g) 8.58 + 20.81 1095 + 23.44 -3.18 002
Smoking Non-drinking 2,201 (62.8) 705 (54.8) 27.81 <.001
Past drinking 477 (13.6) 233(18.1)
Current drinking 824 (23.5) 349 (27.1)
Total smoking amount (pack-years) 7.56 + 13.89 10.59 + 15.93 -5.99 <.001
Insomnia No 2,989 (85.2) 1,066 (82.8) 3.91 .048
Yes 521 (14.8) 221(17.2)
Sleep hours 6.77 £ 1.36 6.77 £ 1.41 0.00 997
Depression 22.24 £ 2.96 22.63 = 3.28 -2.57 010
Stress 20.04 = 6.78 20.15 = 7.20 -0.46 .639

Some of the variables have missing values.

BMI=body mass index; SD=standard deviation; T2D=type 2 diabetes mellitus.

1.34), BMI7} &=oHd 4= 1.1281(95% CI: 1.10-1.14), H]S<A
H)3] AASZAL 1.26H1(95% CI: 1.05-1.52), IAZAL 1.38H]
(95% CIL: 1.13-1.69) A2 T T AFE7} =oA = A
O Z YERFTHTable 3).
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= ol YFe F= HMSE BMI (p < .001), GRS (p <

few

.001), @AHEAP = .003), ZASAPp = .012), & 4] A%
(p = .036) A& o] F71= 2Tk BMIZH 1 kg/m” S7HES5
A2d Gyl Yol 1.128](95% CI: 1.10-1.14) oA H,
GRSE 18 37F45 1.0981(95% CI: 1.07-1.12) S7Foitt. B
Fdo vls FAGAL 1.308H(95% CI: 1.06-1.58), AASFA>
1.3280(95% CI: 1.10-1.59) Al2¥ Ty A o] FolFrt.
e 54 Ao E= Aaste A7t A6k e 7490l Hs)
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Table 3. Factors Influencing the Occurrence of T2D (N = 4,836)

rek

Variable Classification HR 95% Cl p
GRS 1.40 1.25-1.56 <.001
Salty food preference Yes 1.14 1.02-1.27 022
Spicy food preference Yes 1.19 1.06-1.33 002
Fatty food preference Yes 1.17 1.02-1.34 .030
BMI 1.12 1.10-1.14 <.001
Smoking Non-smoking

Past smoking 1.38 1.13-1.69 .002

Current smoking 1.26 1.05-1.52 013
Multivariate Cox regression analysis
BMI 1.12 1.10-1.14 <.001
GRS 1.09 1.07-1.12 <.001
Smoking Non-smoking

Past smoking 1.30 1.06-1.58 012

Current smoking 1.32 1.10-1.59 .003
Spicy food preference Yes 1.13 1.01-1.26 036

Calibration variables: sex, age.
BMI=body mass index; Cl=confidence interval; GRS=genetic risk score; HR=hazard ratio; T2D=type 2 diabetes mellitus.

Table 4. Gene-Lifestyle Environment Interactions and T2D Development (N = 4,836)

Relationship (reference category:

Variable Classification GRS OR 95% Cl p the last category listed)
OR 95% Cl p

BMI (kg/m?) <23 <10 0.16 0.10-0.25 <.001
23-24.9 <10 2.04 1.63-2.55 <.001 0.32 0.20-0.49 <.001
225 <10 533 3.43-8.28 <.001 0.83 0.46-0.77 <.001
<23 =1 1.60 1.23-2.07 <.001 0.25 0.16-0.39 <.001
23-249 > 3.13 2.50-3.90 <.001 0.48 0.31-0.75 <.001
225 =11 6.46 4.05-10.31 <.001

Smoking Non-smoking <10 0.52 0.40-0.67 <.001
Past smoking <10 1.32 0.97-1.80 .080 0.68 0.51-0.92 on
Current smoking <10 1.25 0.96-1.63 102 0.65 0.50-0.83 .001
Non-smoking > 11 1.42 1.20-1.67 <.001 0.73 0.56-0.96 023
Past smoking > 11 2.15 1.60-2.89 <.001 1.1 0.84-1.47 461
Current smoking >11 1.94 1.48-2.52 <.001

Smoking amount (packs-year) Non-smoking <10 0.40 0.30-0.53 <.001
<20 <10 1.05 0.78-1.42 .752 0.42 0.31-0.57 <.001
>20 <10 1.55 1.17-2.06 .002 0.63 0.48-0.82 <.001
Non-smoking >11 1.42 1.19-1.68 <.001 0.57 0.43-0.76 <.001
<20 >11 1.78 1.34-2.37 <.001 0.72 0.54-0.95 021
>20 >11 249 1.88-3.29 <.001

Drinking Non-drinking <10 0.57 0.47-0.71 <.001
Past drinking <10 1.15 0.76-1.72 513 0.66 0.45-0.98 .040
Current drinking <10 1.06 0.86-1.30 .615 0.61 0.51-0.73 <.001
Non-drinking 211 1.36 1.12-1.66 .002 0.79 0.64-0.97 021
Past drinking 211 1.76 1.18-2.64 .006 1.02 0.69-1.51 927
Current drinking 211 1.73 1.41-2.13 <.001

(Continued to the next page)
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Relationship (reference category:
the last category listed)

Variable Classification GRS OR 95% Cl p
OR 95% Cl p

Amount of alcohol consumed (per day) ~ Non-drinking <10 0.51 0.39-0.66 <.001
Past drinking <10 1.21 0.81-1.82 .361 0.61 0.41-0.93 021
<10g <10 091 0.71-1.17 452 0.46 0.35-0.61 <.001
2109 <10 1.42 1.09-1.84 .009 0.72 0.55-0.93 014
Non-drinking =11 1.37 1.12-1.66 .002 0.69 0.54-0.90 .006
Past drinking >11 1.86 1.24-2.78 .003 0.94 0.62-1.42 774
<109 > 11 1.69 1.33-2.14 <.001 0.86 0.65-1.12 257
>10g >11 1.97 1.51-2.57 <.001

Salty food preference No <10 0.57 0.47-0.68 <.001
Yes <10 1.19 0.98-1.43 178 0.67 0.55-0.82 <.001
No 211 1.50 1.27-1.78 <.001 0.85 0.71-1.02 082
Yes 211 1.77 1.47-2.14 <.001

Spicy food preference No <10 0.55 0.46-0.66 <.001
Yes <10 1.21 0.99-1.46 .053 0.66 0.55-0.80 <.001
No >11 1.49 1.25-1.77 <.001 0.82 0.68-0.98 029
Yes 211 1.82 1.51-2.19 <.001

Fatty food preferences No <10 0.49 0.38-0.62 <.001
Yes <10 1.01 0.87-1.40 428 0.54 0.40-0.72 <.001
No > 11 1.44 1.24-1.66 <.001 0.70 0.55-0.88 .003
Yes > 11 2.06 1.62-2.61 <.001

Insomnia No <10 0.61 0.47-0.77 <.001
Yes <10 1.1 0.86-1.44 407 0.67 0.49-0.93 016
No > 1.50 1.30-1.73 <.001 0.91 0.71-1.16 450
Yes =11 1.65 1.29-2.11 <.001

Depression Low <10 0.67 0.51-0.89 .006
High <10 1.17 0.86-1.54 274 0.79 0.59-1.05 101
Low 211 1.71 1.32-2.21 <.001 1.15 0.87-1.53 .336
High 211 1.46 1.12-1.97 .006

Stress Low <10 0.67 0.55-0.82 <.001
High <10 1.1 0.91-1.35 314 0.74 0.60-0.91 .005
Low 211 1.52 1.26-1.84 <.001 1.02 0.84-1.24 .855
High 211 1.49 1.22-1.83 <.001

Controlled variables: sex, age.

BMI=body mass index; Cl=confidence interval; GRS=genetic risk score; OR=0dds ratio.
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