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ABSTRACT

Purpose: The present study examined the associations of Korean Food-based Index

of Dietary Inflammatory Potential (FBDI) scores with the prevalence of diabetes and
hemoglobin Alc (HbAlc) level of diabetes patients in Korean adults.

Methods: The Korean Genome and Epidemiology Study (KoGES) Health Examinee baseline
data, collected between 2004 and 2013 and followed up between 2012 and 2016, were used
in our study. A total 56,391 participants including diabetes (n = 5,733) and non-diabetes (n
=50,658) were analyzed. The subjects were classified into quartiles of FBDI scores using the
semi-quantitative food-frequency questionnaire developed for KoGES. The prevalence rate of
diabetes under FBDI scores was assessed by Cox proportional risk models and the severity of
the diabetes was analyzed by multiple regression analysis.

Results: There were 775 incident cases of diabetes after a mean follow-up of 3.97 years. There
was no statistically significant association between FBDI scores and incidence of diabetes.
Among diabetes patients at baseline, FBDI scores were related to the risk of progression

of diabetes which was represented by greater than 9% HbAlc (Q1 vs. Q4; odds ratio, 1.562
[95% confidence intervals, 1.13-2.15]; p for trend = 0.007). The stratified analysis showed a
stronger association in females, irregular exercise group, and higher body mass index group.
Conclusion: These results suggest that a pro-inflammatory diet is not associated with the
incidence of diabetes but is related to the HbAlc level of diabetes patients. Thus, further
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longitudinal studies with longer periods are required to determine a relationship between
dietary inflammatory index and diabetes in Korea.

Keywords: inflammation; diabetes mellitus; diet; nutrients; glycated hemoglobin A
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ZA] 3 (interleukin [IL]41p, IL-6, tumor necrosis factor [TNF]-a, C-reactive protein [CRP], IL-4,
1L10)2te] HAE 7|Wro. 2 §F A AL S X I (Dietary Inflammatory Index, DII)E 7HEHsH3d
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Ue FF4a7t 23HE o] k= T o] Qltt [13]. o] 2 &t & FHotuAt Al 5+ 419
AR =2 E QI Empirical Dietary Inflammatory Index (EDII)” Fo sl i o [14], —rE] Liato|
M I Na 5 [15]0] S AELS 7|F 0 2 =9 A AFY FA] I (Food-based Index of Dietary
Inflammatory Potential, FBDI)E 7H2H5FRA T}, FBDI= -2l Uehe] 517l Al & 5 AT o| i AF
A B S EOH A 0157(] 3 Q) high sensitivity C-reactive protein (hs-CRP)2} -7-2] o ¥
Aol =107 AEe AR F USa e Bd e Ve 2 &3 A o2 e
ST AET 77H9P Z* d9s ’%‘%‘_ 7N = A= o ATk [15]. AAE S A e dedA>JA
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L s} ope] AR Lo 16, TS 317 ol o4 thho 2 4
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5,733)2F = H 0] gl g At (n=50,658) 2 &-F-5to] A5k E} ol = At E F
T ek o] Mo AE 27} Qs RS A @) 8FAT (n = 2,210) (Fig. 1). & A= ©]
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Zd2HE (high-density lipoprotein cholesterol), @A 4 (hemoglobin Alc), 35S
(fasting blood glucose), hs-CRPE- AF-8-51%1 T
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Total participants in KOGES HEXA cohort
n =173,208

4,271 Excluding participants data for energy
intake (men < 500 kcal or > 6,000 kcal,
women < 500 kcal or > 4,000 kcal) or who
had missing data from FFQ

Remaining population
n =168,937

108,167 Excluding participants who had
missing data

Remaining population
n=60,770

4,379 Excluding participants who had cancer
or cardiovascular disease

Remaining population
n =56,391
Diabetes Non-diabetes
n=5,733 n=>50,658
9,911 Excluding 28,964 Participants
participants who had lost to follow-up
missing data
Mean follow-up = 3.97 years
Remaining population Following-up population
F n = 3,522 W T n =21,694
HbATC < 9% HbAIC > 9% Participants whg have not Partmpants'newly
N =3.139 N =390 developed diabetes developed diabates
o7 N n=20,919 n=775

Fig. 1. A flow chart of the study subjects.
FBDI, Food-based Index of Dietary Inflammatory Potential; KoGES, Korean Genome and Epidemiology Study; HEXA, Health Examinee; FFQ, food-frequency

questionnaire; HbAlc, hemoglobin Alc.
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Table 1. Baseline general characteristics according to FBDI quartiles in KOGES-HEXA 2004-2013

Variables FBDI p?
Q1 (n=12,664) Q2 (n = 12,665) Q3 (n = 12,665) Q4 (n = 12,664)
FBDI range -43.11, -0.68 -0.68, 4.62 4.62,11.74 11.74, 77.00 -
Age (yrs) 53.65 = 7.90* 52.64 + 7.80° 51.52 + 8.00° 50.71 + 8.00¢ <0.001
Energy intake (kcal) 1,818.35+ 575.70° 1,697.32 + 498.80° 1,697.32 + 504.80° 1,736.92 + 493.90° <0.001
Sex <0.001
Male 2,579 (20.4) 3,281 (25.9) 4,588 (36.2) 6,498 (51.3)
Female 10,085 (79.6) 9,384 (74.1) 8,077 (63.8) 6,166 (48.7)
BMI (kg/m?)
Continuous variable 23.33+2.80% 23.68 + 2.80° 23.74 + 2.90° 23.97 + 2.90° <0.001
<18.5 326 (2.6) 249 (1.9) 249 (2.0) 259 (2.0) <0.001
18.5-23 5,717 (45.1) 5,158 (40.7) 5,037 (39.8) 4,610 (36.4)
93-95 3,426 (27.1) 3,515 (27.8) 3,481 (27.5) 3,489 (27.6)
25-30 2,962 (23.4) 3,462 (27.3) 3,575 (28.2) 3,938 (31.1)
> 30 233 (1.8) 288 (2.3) 323 (2.6) 368 (2.9)
Monthly income (10,000 Won) <0.001
<100 1,147 (9.1) 1,006 (7.9) 934 (7.4) 959 (7.6)
100-200 1,142 (9.0) 1,024 (8.1) 1,008 (8.0) 974 (7.7)
200-400 6,886 (54.4) 6,934 (54.7) 6,918 (54.6) 6,988 (55.2)
> 400 3,489 (27.6) 3,701 (29.2) 3,805 (30.0) 3,743 (29.6)
Education level <0.001
< Middle school 1,612 (12.7) 1,529 (12.1) 1,471 (11.6) 1,497 (11.8)
Middle school 1,891 (14.9) 1,806 (14.3) 1,690 (13.3) 1,693 (13.4)
High school 5,380 (42.5) 5,539 (43.7) 5,426 (42.8) 5,237 (41.4)
> College 3,781 (29.9) 3,791 (29.9) 4,078 (32.2) 4,937 (33.5)
Drinking <0.001
Never? 7,728 (61.0) 6,637 (52.4) 5,643 (44.6) 4,803 (37.9)
Past?) 367 (2.9) 344 (2.7) 336 (2.7) 390 (3.1)
Current 4,569 (36.1) 5,684 (44.9) 6,686 (52.8) 7,471 (59.0)
Smoking <0.001
Never® 10,802 (85.3) 10,036 (79.9) 8,803 (69.5) 7,184 (56.7)
Past® 1,323 (10.4) 1,664 (13.1) 1,998 (15.8) 2,491 (19.1)
Current 539 (4.3) 965 (7.6) 1,864 (14.7) 3,059 (24.9)
Physical activity <0.001
Irregular 4,988 (39.4) 5,494 (43.4) 6,246 (49.3) 7,170 (56.6)
Regular 7,676 (60.6) 7,171 (56.6) 6,419 (50.7) 5,494 (43.4)
Blood pressure (mmHg)
SBP 121.48 + 14.80% 121.78 + 14.70* 121.49 + 14.60°° 122.07 + 14.60° 0.003
DBP 74.86 + 9.60° 75.11 + 9.70% 75.35 +9.80° 75.94 +9.30° <0.001
Total cholesterol (mg/dL) 198.96 + 34.70 199.66 + 34.40 199.68 + 34.70 199.18 + 34.40 0.257
Triglyceride (mg/dL) 116.12 + 78.00% 118.83 + 80.80* 124.45 + 87.40° 131.06 + 92.60° <0.001
HDL-cholesterol (mg/dL) 56.19 = 13.40° 55.71+13.21° 55.93 + 13.30° 53.77 + 13.10¢ <0.001
HbA1c (%) 5.54+0.30% 5.54 + 0.30%¢ 5.53 +£0.30% 5.53 + 0.30%* 0.002
FBS (mg/dL) 91.00 + 9.40 91.01 +9.40 90.93 +9.50 91.17 +£9.90 0.241
hs-CRP 0.12+0.30° 0.13 +0.30%® 0.14 + 0.40" 0.15+0.30° <0.001

Data were presented by number (%) or means + SD.

FBDI, Food-based Index of Dietary Inflammatory Potential; KoGES, Korean Genome and Epidemiology Study; HEXA, Health Examinee; BMI, body mass index; SBP,
systolic blood pressure; DBP, diastolic blood pressure; HDL-cholesterol, high-density lipoprotein cholesterol; HbAlc, hemoglobin Alc; FBS, fasting blood sugar;
hs-CRP, high sensitivity C-reactive protein.

YThe p-values were calculated using the analysis of variance test for continuous variables and the Pearson Chi-square test for categorical variables. ?Who had
drunk less than 12 times a year and drunk less than 1-2 cups. »Who had not drunk over 1 year. “Who had not smoked more than 100 cigarettes. ®Who had
smoked more than 100 cigarettes but quit smoking over 1 month.

abedeMeans with different superscript letters are significantly different using Scheffe’s test (p < 0.05).

FBDIO|| 2 F¥A M3

FBDIO| 2 & 4 A% S1,000 keal & 7| 5O 2 3HAFSE 2 7HE- supplementary Table 10]] A
Aottt & G U7 FBDI AR 9] ol what §-2] 2 Q1 xfo] 7k QI o Tl dl i Al
o, FEAHE A3 = DI 7HE =2 29 4ollA B2 A S ek Wb, AR A

o T
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Table 2. HRs and 95% Cls for the relation between the FBDI and incidence of diabetes at KOGES-HEXA study

FBDI p for trend?
Q1 Q2 Q3 Q4
No. of cases/Person-years 187/23,692 (3.1) 194/22,779 (3.4) 192/20,754 (3.7) 202/19,040 (4.3)
Crude 1.000 1.118 (0.91-1.36) 1.170 (0.95-1.43) 1.356 (1.11-1.65) 0.002
Model 1 1.000 1.093 (0.89-1.33) 1.127 (0.91-1.38) 1.217 (0.99-1.49) 0.062
Model 2 1.000 1.081 (0.88-1.32) 1.085 (0.88-1.33) 1.118 (0.90-1.38) 0.332
Model 3 1.000 0.988 (0.80-1.21) 0.984 (0.80-1.21) 1.021 (0.82-1.26) 0.823

Data were presented by number (%) or HR (95% CI). Model 1: adjusted by age, sex; Model 2: adjusted by age, sex, physical activity, smoking, drinking,
education level, monthly income; Model 3: adjusted by age, sex, physical activity, smoking, drinking, education level, monthly income, energy intake, body mass

index.

HR, hazard ratio; Cl, confidence interval; FBDI, Food-based Index of Dietary Inflammatory Potential; KoGES, Korean Genome and Epidemiology Study; HEXA,

Health Examinee.

YThe p for trend was calculated by the median value of each quartile.
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Table 3. Population characteristics by HbAlc level among diabetes patients in KOGES-HEXA 2004-2013

Variables HbAlc < 9% (n = 3,132) HbA1c > 9% (n = 390) pY
Age (yrs) 57.97 (7.3) 55.66 (8.0) <0.001
Energy intake (kcal) 1,678.78 + 512.6 1,713.20 + 495.3 0.198
Sex 0.517
Male 1,508 (48.1) 181 (48.0)
Female 1,624 (51.9) 209 (53.6)
BMI (kg/m?)
Continuous variable 24.91+ 3.0 24.77 + 3.4 0.399
<18.5 24 (0.8) 9(2.3) 0.022
18.5-23 824 (26.3) 105 (26.9)
23-95 844 (26.9) 94 (26.6)
25-30 1,272 (40.6) 155 (39.7)
> 30 168 (5.4) 27 (6.9)
Monthly income (10,000 Won) 0.314
<100 4892 (15.4) 65 (16.7)
100-200 386 (12.3) 44 (11.3)
200-400 1,564 (49.9) 208 (53.3)
> 400 700 (22.3) 73 (18.7)
Education level 0.297
< Middle school 696 (22.2) 90 (23.1)
Middle school 550 (17.6) 65 (16.7)
High school 1,184 (37.8) 162 (41.5)
> College 702 (22.4) 73 (18.7)
Drinking 0.287
Never? 1,544 (49.3) 200 (51.3)
past? 186 (5.9) 29 (7.4)
Current 1,402 (44.8) 161 (41.3)
Smoking 0.007
Never? 1,931 (61.7) 234 (60.0)
Past® 7929 (23.1) 74 (19.0)
Current 479 (15.3) 82 (21.0)
Physical activity <0.001
Irregular 1,212 (38.7) 193 (49.5)
Regular 1,920 (61.3) 197 (50.5)
Total cholesterol (mg/dL) 190.14 + 41.6 202.07 + 47.3 <0.001
Triglyceride (mg/dL) 161.95+118.9 198.11+154.6 <0.001
HDL-cholesterol (mg/dL) 49.5+11.8 48.39+11.8 0.057
Age at diagnosis (yrs) 51.66 + 8.8 46.18 £ 9.2 <0.001

Data were presented by number (%) or means * SD.

HbA1c, hemoglobin Alc; KOGES, Korean Genome and Epidemiology Study; HEXA, Health Examinee; BMI, body mass index; HDL-cholesterol, high-density
lipoprotein cholesterol.

YThe p-values were calculated using the t-test for continuous variables and the Pearson Chi-square test for categorical variables. ?Who had drunk less than 12
times a year and drunk less than 1-2 cups. »Who had not drunk over 1 year. “Who had not smoked more than 100 cigarettes. »Who had smoked more than 100
cigarettes but quit smoking over 1 month.

Table 4. ORs and 95% Cls for the relation between FBDI and HbA1c level among diabetes patients in KOGES-HEXA study

FBDI p for trend®
Q1 Q2 Q3 Q4
Crude 1.000 1.213 (0.88-1.66) 1.155 (0.83-1.59) 1.782 (1.32-2.40) <0.001
Model 1 1.000 1.218 (0.88-1.67) 1.192 (0.86-1.67) 1.797 (1.31-2.44) <0.001
Model 2 1.000 1.198 (0.87-1.64) 1.127 (0.81-1.55) 1.633 (1.19-2.23) 0.002
Model 3 1.000 1.208 (0.87-1.67) 1.175 (0.84-1.64) 1.562 (1.13-2.15) 0.007

Data were presented by (95% CI). Model 1: adjusted by age, sex; Model 2: adjusted by age, sex, physical activity, smoking, drinking; Model 3: adjusted by age,
sex, physical activity, smoking, total cholesterol, triglyceride, age at diagnosis, body mass index.

OR, odds ratio; Cl, confidence interval; FBDI, Food-based Index of Dietary Inflammatory Potential; KoGES, Korean Genome and Epidemiology Study; HEXA,
Health Examinee; HbAlc, hemoglobin Alc.

YThe p for trend was calculated by the median value of each quartile.
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Table 5. ORs and 95% Cls for the relation between FBDI and HbA1c level among diabetes patients stratified by sex, physical activity, and BMI level

FBDI p for FBDI p for
Q1 Q3 Q4 trend? Q1 Q2 Q3 Q4 trend?
Sex Male (n = 1,689) Female (n = 1,833)
No. of case/Non-case  25/302 31/370 43/426 82/591 53/578 62/511 46/455 48/289
Model 1 1.000 0.979 1.255 1.647 0.007 1.000 1.370 1.112 1.911 0.008
(0.56-1.70)  (0.74-2.10)  (1.02-2.64) (0.92-2.02)  (0.73-1.68)  (1.25-2.91)
Model 2 1.000 0.943 1.195 1.479 0.030 1.000 1.365 1.036 1.756 0.029
(0.54-1.64) (0.70-2.01) (0.91-2.39) (0.92-2.01) (0.67-1.58) (1.14-2.69)
Model 3 1.000 0.888 1.307 1.451 0.041 1.000 1.369 1.040 1.658 0.064

Physical activity
No. of case/Non-case  53/591

Model 1 1.000
Model 2 1.000
Model 3 1.000
BMI
No. of case/Non-case  20/236
Model 1 1.000
Model 2 1.000
Model 3 1.000

(0.49-1.58)  (0.76-2.23)  (0.88-2.38)

0.870 0.972 1.552 0.095 1.000 1.336
(0.43-1.74)  (0.49-1.89)  (0.81-2.94)

(0.91-2.04)  (0.67-1.60)  (1.06-2.57)

Regular (n =2,117) Irregular (n = 1,405)

49/560 40/507 55/459 95/289  44/321 49/374 75/421

0.965 0.878 1.367 0.129  1.000 1.720 1.670 2.303 0.002
(0.64-1.45)  (0.56-1.35)  (0.90-2.06) (1.01-2.90)  (1.00-2.78)  (1.39-3.79)

0.977 0.863 1.288 0.238  1.000 1.719 1.669 2.995 0.002
(0.64-1.47)  (0.55-1.33)  (0.84-1.96) (1.01-2.90)  (0.99-2.79)  (1.39-3.37)

0.980 0.897 1.237 0.324 1.000 1.779 1.776 2.232 0.007
(0.64-1.48)  (0.57-1.39)  (0.80-1.89)
23 kg/m? < BMI < 25 kg/m? (n = 938)

(1.02-3.07)  (1.03-3.04)  (1.32-3.77)
BMI > 25 kg/m? (n = 1,622)

18/226 21/249 35/227 32/353  49/4927 40/404 61/438

0.887 0.967 1.788 0.021  1.000 1.368 1.215 1.847 0.014
(0.45-1.73)  (0.50-1.84)  (0.97-3.26) (0.85-2.19)  (0.74-1.99)  (1.15-2.96)

0.867 0.930 1.653 0.047  1.000 1.335 1.141 1.669 0.051
(0.44-1.69)  (0.48-1.78)  (0.89-3.06) (0.83-2.14)  (0.69-1.87)  (1.03-2.69)

1.188 1.694 0.048
(0.82-2.17)  (0.71-1.98)  (1.03-2.77)

Data were presented by OR (95% ClI).

Adjusted confounding variables for sex: Model 1: adjusted by age; Model 2: adjusted by age, physical activity, smoking; Model 3: adjusted by age, physical
activity, smoking, total cholesterol, triglyceride, age at diagnosis, BMI, menopausal status in women.

Adjusted confounding variables for physical activity: Model 1: adjusted by age, sex; Model 2: adjusted by age, sex, smoking; Model 3: adjusted by age, sex,
smoking, total cholesterol, triglyceride, age at diagnosis, BMI.

Adjusted confounding variables for BMI: Model 1: adjusted by age, sex; Model 2: adjusted by age, sex, physical activity, smoking; Model 3: adjusted by age, sex,
physical activity, smoking, total cholesterol, triglyceride, age at diagnosis.

OR, odds ratio; Cl, confidence interval; FBDI, Food-based Index of Dietary Inflammatory Potential; HbAlc, hemoglobin Alc; BMI, body mass index.

YThe p for trend was calculated by the median value of each quartile.
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SUPPLEMENTARY MATERIAL

Supplementary Table 1

Nutrient intake per 1,000 kcal according to FBDI quartiles
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