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The multiple additive moderation effects of insulin resistance and
dietary inflammatory index on the relationship
between body mass index and postprandial glucose

of prediabetic and diabetic patients who are undergoing glucose control

Jiwon Park

Department of Nursing, The Graduate School,
Pukyong National University

Abstract

Purpose

Postprandial hyperglycemia is a risk factor for metabolic syndrome,
diabetes, and cardiovascular disease. It is vital that the level of blood
sugar is controlled and the morbidity and complications of other diseases
are reduced long—term. Continuous glucose monitoring can easily detect
postprandial hyperglycemia, so appropriate education and nutrient
counseling can maximize this advantage. In particular, obese people are
likely to have difficulties with glucose metabolism. Previous studies have
found that body mass index, insulin resistance, and dietary inflammation
index are factors that can increase postprandial glucose. Therefore, this
study investigated whether insulin resistance and dietary inflammation
index can modulate the relationship between body mass index and peak

postprandial glucose.



Method

This study used the integrated nutritional data of the project that
evaluated the effectiveness of the diabetes management program for
prediabetic and type 2 diabetic patients with continuous glucose
monitoring. The study gathered 408 dietary data from seventeen patients
(breakfast, lunch, or dinner). Each participant had twenty—four meal
records; energy adjusted dietary inflammatory index was calculated
according to each meal, and peak postprandial glucose was matched.
Insulin resistance was calculated by homeostasis model assessment of
insulin resistance (HOMA—IR) and energy—adjusted dietary inflammatory
index (E—DII) indicating the inflammatory potential of the overall diet
was calculated based on thirty—one nutrition components' pro— and
anti—inflammatory properties. Mann—Whitney U tests and Spearman's rank
correlation coefficients were used to analyze differences and relationships
among study variables. MACRO Process was used to identify multiple
additive moderation effects of insulin resistance and dietary inflammatory
index on the relationship between body mass index and postprandial

glucose.

Result

Peak postprandial glucose differed significantly among E—DII subgroups
(p<.026). Positive correlations were observed between peak postprandial
glucose and insulin resistance (rho=.30, p=<.001), and E—DII (rho=.14,
p=.004). Insulin resistance and E—DII had a multiple additive moderating
effect on the relationship between BMI and peak prandial glucose among
prediabetic and diabetic patients undergoing glucose control (F=12.22,
p<.001); the explanatory power of the model was 21.6%. In the group
with a body mass index of less than 30, peak postprandial blood glucose
was found to increase as the E—DII and insulin resistance increased. In
contrast, in the group with a body mass index of 30 or more, peak

postprandial glucose lowered as E—DII increased in all groups with low

_Vi_



insulin resistance, the middle and the high groups.

Conclusion

Insulin resistance and dietary inflammatory index can modulate the
relationship between body mass index and peak postprandial blood
glucose. Mixed meals with a low dietary inflammatory index and insulin
resistance can significantly reduce postprandial glucose in prediabetic and
diabetic patients undergoing glucose control with BMI<30. The findings of
this study shed light on the development of a lifestyle intervention
program that educates obese people to reduce insulin resistance and
dietary inflammatory index, leading to appropriate regulation of glucose

levels.
Key words : postprandial glucose, postprandial hyperglycemia,

prediabetes, diabetes, body mass index, insulin resistance,

dietary inflammatory index
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et al., 2021). ol A]

AR

s

}2itt. FBDI

S

A2 56,391 S F-4

o] 3t} (Yoon et al., 2022).

Ll

_17_



1. 9+ AA

B

,.EO

Jo

o)

—

A

s}l

mo

2. AT i

3](1041386—202211-HR—71-02)

2

%8219

o

A

al
i

el
o

Ao
o}

B

e

h=ige)
=

2 YAk At

el

™
i

Z]T_

208] = 103
b AL b) Al

S

2k, 2) AlA

g %ol

a) 937

F 0

A7 A

=

_18_



2 (103]-803]), thdx+ 54 o3 A5 AF=

Zo]7] Al A AR AE Sl 103], 163191 A 2o E9A Izt 1

il 24318 AF AL GAE 7oz, e ddAE 4

2 2470 FE3F3ATE SPSSellA] Alo] o] 249 3%

stglon, dypHor 179 9] Al A 24704 Ads F=F38lo] & 408
2)

Al A8 Haebd, A4, A9)S BASRAY (Figure

.
2
Ll
o
X
oo -d

20219 149 ~ 20214 59
AT ol 22T HUHPS TR
gy #e 1233 a5

#o] ARt
|
1) 94 @9 24 77| 548
T H AdA Bl g S

2) A MRS 2 25kg/m?

3) G ME 208 F103] o4
A Al

£ 07

Aoz 4839
29 9927 38 9 g
19: 253 & 144

R B0 9 A2
w2 207 9l

4% 3% 347 AL W
29 A9

A W g 24708 229 22

475 91 24947 1789
Aol 44 24 7124084

Figure 2. Flowchart of study population selection
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m

3. A7 ¥+ 53 R By

D g9ty 54 2 AAAS 54

(m)e] AlFo =z i ghoz &3 at(kg/m?), Al AR 7 7] ofA]o} el 3
Azt e esolA AAS 2Bkgm’ o4 wwom Aelsgc
(WHO Expert Consultation, 2004).

AR-EIRELEIEE:

gol AFea 54 847k o4 FEAHo

2
]

ol A /\],i

=

v

e I3td
A4 (Hemoglobin Alc, HbAlc), == AHgA (Homeostasis model
assessment—insulin resistance; HOMA—IR), &=d2H & (Total cholesterol,
TC), =X 9 (Triglyceride, TG), HDL—=d] 2~ €| = (High—density lipoprotein
cholesterol, HDL—C), LDL—Z 3| ~H|=(Low—density lipoprotein cholesterol,
HDL-C)ol 23 Azt Fde] AT gha ARS8l

ofgfj o} #2 FAS F3l HAEFAU wHoE daed A ARE T
g gdvk 2018 Suiell A AlfE Aol oekH, HOMA-IR < 2.53 &
o= o471tk (Moon et al., 2018).

FTEEG (mg/dL) x FE21&% (uU/ml)
405

: Q143 A& (HOMA - IR) =
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3) AAGFAF

Shivappa et al. (2014) oA AAE AHALASA = A Add 9
A 7he e SAY o, 7 Gdiel 3 A5 &3 5 (Overall
Inflammatory Effect Score)E& ©]&3te AAASAFE Al
(Shivappa et al., 2014). DI1¢] 7]& A& M4 ohakgd ks e
A5 g uks, F9 o AE FES S T AR FAEY don, &
Aol G H7F 213U CAN—Pro 5.0014 1 gho] 2t&H &= 9<%
a317HA1 9] A Fe AAATAST Akl E3Fekqin

317H4 &= b3 2k A= (Calories), 315 (Carbohydrate), T3
(Protein), &X]%(Total fat), 2}¢]A-(Fiber), & dl2~H&(Cholesterol), X3}
WAHSFA), B Y= Z A AHMUFA), B7ks E3HAAHPUFA), 2H7F-3 A
WAk w—3 fatty acids), LM 7F—6 A|WAHw—6 fatty acids), H-¢]oF21 (Niacin),
E]o}%1 (Thiamine), 2|32 Z2HW(Riboflavin), H]EFR] B6, HIEFY B12, H]ERY
A, ¥ERRD C, HER D, WE E, 94H(Folic acid), ®E}7IZ¥ (Beta
carotene), A (Fe), vl14]% (Magnesium), A&+ (Selenium), ©}<1(Zinc), &=
£-(Alcohol), "F=(Garlic), A7+ (Ginger), %3}(Onion), &3 (Pepper).

2 ATl = gAY AF RS 1000keal B AFHAF O BA Sl A}
23} t} ©]+= Energy adjusted Dietary Inflammatory Index (E—DII) %= <%
2 EHEE Fol7] 9% WhHoltk (Hébert et al., 2019). E-DII9] A4k
Shivappa et al. (2014)°ll4 7]<=® WU S 28 3t FEAAE AL
of FF3t Al Zaks ol &sto] AEesith o, ZIUE AH#Y PS5 =
=28 od A5 F I Zolrh A AXNATAFE AN g floenw, &
3W 2AE (o}, HAl, AY)E 7IeeE 7Y AdFgkel 3& w3ek H

1000kcal2 H A} Th A AL ofgfof] 7|&3stom, 2t JgAihz FE 4t

ofo
Oft
il
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5. A5 A4 Hy

B oAgE 28 BAS 9a] IBM Statistical Package for the Social
Sciences (SPSS) Statistics 282 ©]-83}%t}. Kolmogorov—Smirnov ¢} the

Shapiro—Wilk tests &3 G115 A4 A3, A7 HpoA Atds

HFutS-o] A4S Spearman’s rank correlation

= g QA&

o
(@]
e,
5
(@]
=3
il
e
oo
ol
ol
9%
(Gt ¥
o
i‘—";
i
ot
)
9
N
L
1>
o
g
ofl
=2
A
rlr

g A A A EA ] sz da v 248 $J8) Hayes (2017)9]
E

3 FEL 500032 A AHSAY. BE BAA FolFF=S .05
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V. 9+ 25

1 tgAe] 54

AT gidAER o34d0] 70.6%, HH-Ed9 Hi2 95.08+7.61= 1
B}ttt A A EA 5 HS 28.48+3.84%, 25014 307 wke] H|WF 3kx}=
52.9%, 300]42] H|T A= 47 1% % VYERG T G B A Ee FE o
2ol H{e  135.29429.29, HbAlcx 6.91+1.15, <l&d A 3gA
(HOMA-IR)S 4.10+2.64% Yelton do T2 o 7S 58

St A= 52.7%, A1 58 2 dEd Fo gIdRE 47.1%%= YE
ok tiARRPE E-DIIY HAS —0.04+1.12, AZFHGIAGY HAe

201.42+42.66°% EAFHJch ok A Hyddo] H2 139.16+£35.72
2 ZolF gt}

Tablel. Characteristics of participants (N=17)
Characteristics Categories n (%) or M£SD
Male 5 (29.4)
Gender
Female 12(70.6)
Age (years) 48.0+11.82
Abdomen Circumference (cm) 95.08+7.61
28.48+3.84
BMI (kg/m*) 25-30 9(52.9) 25.57+2.62
> 30 8(47.1) 31.76x1.60
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Fasting glucose (mg/dL) 135.29+29.29
6.91+1.15
HbAlc(%) < 6.5 8(47.1) 5.984+0.47
> 6.5 9(52.9) 7.86+0.77
4.10£2.64
Insulin resistance
< 25 6 (35.3) 1.99£0.40
(HOMA-IR)
> 25 11 (64.7) 5.24+2.63
Total cholesterol 147.65+40.98
Triglyceride 151.35%£61.34
HDL 48.32+11.21
LDL 81.18+£30.62
Hypertension 2(11.8)
Dyslipidemia 7(42.1)
Comorbidities
Both 3(17.6)
None 5(29.4)
Prediabetes 7(41.2)
Diabetes diagnosis
Type 2 Diabetes 10(58.8)
OHA 9 (52.9)
Treatment OHA and
) ) 8 (47.1)
insulin
E-DII —-0.04%1.12
Peak postprandial glucose
] 201.42+42.66
according to each meal
Mean average glucose per day 139.16%£35.72

M=xSD=Mean=xStandard Deviation; BMI=Body Mass Index; HbAlc=Glycated hemoglobin;
HOMA—-IR= Homeostasis Model Assessment—Insulin Resistance; HDL=High Density
Lipoproteins; LDL=Low Density Lipoproteins; OHA=0ral Hypoglycemic Agent;

E—DII=Energy adjusted Dietary Inflammatory Index
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2. AAEFTA T 2 AAFAF, A€ AFA, 4FEF v
7198 AAdZA 5= 299 0.2183S 77202 AXEEA ST e

7} E2 o BRaglen, 1 HelE —5.4400A 4.990]t} AAATA ¢

7b e ol ARFAFE FolsA =ger (p<.001), AFHRIY

(p=.026)% AAFASAGF7E W& ol Hls] freofshAl okt

Table2. Differences in BMI, insulin resistance and postprandial glucose according

to E—DII (N=408)
Total Low E=DII | High E-DII
(n=408) (n=203) (n=205)
(—5.44 - (0.2183 —
0.2183) £.99)
M=+SD M=SD M=+SD Z p
BMI 28.44+3.73 27.74+3.63 | 29.08+3.73 | 4.31 | <001
Insulin
e e 4.06+2.53 3.70+2.18 4.41+2.79 | 1.66 | .097
1h—PG 178.36+47.03 | 173.85+45.29 | 182.57+48.33 | 1.65 | .100
2h—PG 165.30454.90 | 160.22452.29 | 170.04+56.95 | 1.56 | .118
3h—PG 147.40457.67 | 140.87+51.66 | 153.49+62.28 | 1.65 | .099
Peak PG 196.11451.85 | 189.26+50.73 | 202.51+52.20 | 2.22 | .026

M=SD=Mean=*Standard Deviation;

E—DII=Energy

adjusted Dietary

Inflammatory

Index; BMI=Body Mass Index; 1h—PG=1—hour Postprandial Glucose; 2h—PG=2—hour

Postprandial

Glucose;

Postprandial Glucose

3h—PG=3—hour
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3. AEFA <, ded AR, AAETA T, AFHANE T Alo]9] ZaadA

AAZA T, dadd A, AAASA, AFHANE T Abol o] GaaA
E AV Ay A5 ANE Y S Bole e s ded A%A

(rho=.30, p<.001), }AESA5* (rho=.14, p<.001) = el FAAA 7} AU

t} (Table 3).

Table3. Correlations between BMI, insulin resistance, E—DII, and peak

postprandial glucose. (N=408)
BMI Insulin resistance E-DII Peak PG
rho(p)
BMI 1
Insulin 76 1
resistance (<.001)
24 .08
E-DII 1
(<.001) (.090)
.09 .30 .14
Peak PG 1
(.080) (<.001) (.004)

BMI=Body Mass Index; E—DII=Energy adjusted Dietary Inflammatory Index; peak PG

=peak Postprandial Glucose
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Table 4. Multiple additive moderation effects of insulin resistance and E—DII on

relation to BMI and peak postprandial glucose

. A
B SE t(p) R e | FO
11.60
(Constant) 246.95 | 21.28 (<.001)
Independent BMI _ —4.17
variable 53.05 | 12.73 (<.001)
(Ref.=<30) .
Moderation IHSUHH _186
: ) —13.95 7.50
variable resistance (.064)
Moderation i 4.56
variable E-DII 15.18 3.33 (<.001) 82 "6,
BMI X Insulin 3.20 10.26
) ) Bl 3.91 .020
resistance (AXB) (.002) (.002)
—3.90 15.22
BMI X E-DII (AX —-8.30 2.13 .029
{AC) (<.001) (<.001)
Both 12.22
.04
(ABXAC) il (<.001)

BMI=Body Mass Index; E—DII=Energy adjusted Dietary Inflammatory Index
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Peak 220.00 Insulin resistance
postprandial , (HOMA-IR)
glucose  200.00
180.00 3 136
-18D Group
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180,00 () 25<BMI<30
160.0pf % | L1 30<BMI

=300 -200 -100 .00 100 200 3.0

220,00

200.00 -

180.00 6.39
+18D Group

160.00 [

-300 -200 ~-100 .00 100 200 - 3.00

Energy-adjusted Dietary Inflammatory Index (E-DII)

Figure 3. Visual representation of the moderation effect of body mass index on

peak postprandial glucose by insulin resistance and dietary inflammatory index
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o2 YEGt (1=2.85, p=.004).

=
>
ol
)
X
(o
fr
do
o,
ro
P

Table 5. Significance of conditional effects of insulin resistance and E—DII

Variables
. B SE t(p)
In.suhn E-DII
Resistance
—1SD (—-2.13) —15.85 8.95 -1.77 (.077)
—1SD
. —34.04 . —4.29 (<.001
(1.56) Mean (.057) 34.0 7.93 9 (<.001)
+1SD (2.25) —52.22 9.45 —-5.53 (<.001)
—1SD (—-2.13) 15.48 8.92 1.74(.083)
Mean
. -2. . =0. 724
(4.06) Mean (.057) 70 7.65 0.35(.724)
+1SD (2.25) —-20.89 8.99 -2.32 (.020)
—1SD (—-2.13) 47.18 16.55 2.85 (.004)
+1SD
. 28. 15. 1.84¢(.
(6.59) Mean (.057) 8.99 5.77 84(.066)
+1SD (2.25) 10.82 16.35 0.66(.508)

E—DII=Energy adjusted Dietary Inflammatory Index
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[ 1] A4 95 a345 (Shivappa et al.,, 2014)

Overall .
. Global daily mean
Food parameter inflammatory . . SD
intake (units/d)
effect score
Energy (kcal) 0.180 2056 338
Carbohydrate (g) 0.097 272.2 40.0
Protein (g) 0.021 79.4 13.9
Total fat (g) 0.298 71.4 19.4
Fiber (g) -0.663 18.8 4.9
Cholesterol (mg) 0.110 279.4 51.2
Saturated fat (g) 0.373 28.6 8.0
MUFA (g) -0.009 27.0 6.1
PUFA (g) -0.337 13.88 3.76
o —3 Fatty acids (g) -0.436 1.06 1.06
o —6 Fatty acids (g) -0.159 10.80 7.50
Niacin (mg) -0.246 25.90 11.77
Thiamin (mg) -0.098 1.70 0.66
Riboflavin (mg) -0.068 1.70 0.79
Vitamin B6(mg) -0.365 1.47 0.74
Vitamin B12(ug) 0.106 5.15 2.70
Vitamin A (RE) -0.401 983.9 518.6
Vitamin C (mg) -0.424 118.2 43.46
Vitamin D (pg) -0.446 6.26 2.21
Vitamin E (mg) -0.419 8.73 1.49
Folic acid (pg) -0.190 273.0 70.7
B—Carotene (ug) -0.584 3718 1720
Fe (mg) 0.032 13.35 3.71
Mg (mg) -0.484 310.1 139.4
Se (ug) -0.191 67.0 25.1
7Zn (mg) -0.313 9.84 2.19
Alcohol (g) -0.278 13.98 3.72
Garlic (g) -0.412 4.35 2.90
Ginger (g) -0.453 59.0 63.2
Onion (g) -0.301 35.9 18.4
Pepper (g) -0.131 10.00 7.07
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Aol e o

A

[e] H

Fa WA Aol

Total Low High
E—DII E—DII
(n=408) (n=203) | (n=205)
(—5.44 - | (0.2183 —
0.2183) 1.88)
M + SD M+ SD | M #+ SD 7 D
520.04 + | 54526 + | 513.90 + | _
Energy(kcal) 213.10 208 .46 216.76 2.042 | .041
+ +
Carbohydrate(%) | 57.56 + 16.94 5?6?%7— 5?-75'%7— 2.665 | .008
Protein(%) 17.18 + 6.46 1866027i 1567574i ~5.387 | <001
2569 | 23.87 + | _
Total fat(%) 24.78-% 1465 | 2359 2 1.324 | .186
+ T
Carbohydrate(g) | 72.78 + 27.08 7%7887— 75%3— ~1.030 | .303
Protein(g) 23.40 + 15.02 2?;4711?} 211~52%5i —4.619 | <001
Ic IR 15.17 & [\
Total fat(g) 15.6348 103NN b . 2.371 | .018
Vegetable oil(g) | 7.84 + 6.74 8-5521i 7%%; —4.288 | <001
Animal fat(g) 7.79 + 10.39 7-85586i 81-?265: —1.177 | .239
1016 £ | 4.47 =
Fiber(g) 7.22 + 4.85 4.41 3.40 —-13.206 | <.001
Vitamin A(ug 18322 | 29212 * [ 8154 + | _
RE) 304.48 404.22 75.29 11.785 | <.001
Beta—carotene 151741 £ | 222082 157004 2| _ o o0u | <001
(1) 1881.66 22088 | 693.57
Vitamin D(ug) 155 + 4.46 25225i 038?5 ~2.308 | .002
Vitamin E(mg) 576 + 4.82 7-45%1i 444%5i ~8.175 | <001
Vitamin C(mg) | 28.09 + 31.43 4§§%ﬁ 1%-64%; ~13.128 | <.001
Thiamin(mg) 0.55 + 0.34 0-O6gli 0.0433i ~8.123 | <001
Riboflavin(mg) 0.46 + 0.29 O%Oi 05%; —6.468 | <.001
Niacin(mg) 431 + 3.74 5-33‘5; 3-33%5 ~8.758 | <.001
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Vitamin B6(mg) | 0.69 + 143 | %98 F | 008 F | —8.999 | <001
Folic acid(ug) 16500 1 | 23985 1 9028 | _13.251 | <001
Vitamin B12(ug) | 320 + 7.30 | LT | Z5RE | —2.500 | 012
Magnesium(mg) | 37.94 + 32.47 | °39TF | 2389 % 1 9,922 | <001
Fe(mg) 6.17 £ 6.48 | 04, F | 480 E | —7.243 | <001
Zinc(mg) 3.30 + 2.37 | I 220 E 5555 | <001
Selenium (ug) 21414 19.53 | 2999 & | 1984 F 1 2726 | .o06
Cholesterol(mg) 1{)291557—_F 9160%095_F ;2113?)?43 1.014 .310
SFA(g) 3.00 & 4.09 [ 29 | 234 £ | 5358 | <001
MUFA(g) 421 £ 547 | 0 F | 3EE | ~50900 | <001
PUFA(g) 438 £460 | >/8F [ 3T EF | —s240 | <001
0—3 PUFA(g) 022 £ 054 | P9 F | 006 *F | -12.356 | <001
0—6 PUFA(g) 126 & 243 | “08F | 022 F | -10.858 | <001
Alcohol(g) 042 £ 081 | Y00~ | %o%,T [ -10.858 | <001
Garlic(g) 274 £6.66 | 404 F | 123 F [~11.385 | <001
Ginger(g) 0.15 £0.64 | OZL E L 005 F | —s.016 | <001
Onion(g) 7.62 £ 19.84 [ LIS 30T 5041 | <001
Pepper(g) 0.04 £ 015 | 0995 | 090 F 1 s044 | 282
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