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Association of Apolipoprotein B with HbA1c in Nondiabetic Adults

Soo-Eun Jang, Woo-Joo Park, Hyun-Ha Kim, Seung-Ryoung Yoo, Jung-Ran Lee, Mi-Kyeong Oh*
Department of Family Medicine, Gangneung Asan Hospital, University of Ulsan College of Medicine, Gangneung, Korea

Background: Apolipoprotein B (ApoB) is associated with atherosclerotic disease and has recently been associated with metabolic syndrome. However,
there are no studies examining the correlation between diabetes mellitus (DM) and ApoB in nondiabetic adults. The aim of this study was to
evaluate the association between ApoB and glycated hemoglobin (HbA1c) in nondiabetic adults.

Methods: Subjects included 410 individuals (aged >18 years) with a record of a minimum of two medical check-ups at the health promotion center of
Gangneung Asan Hospital between February 2014 and October 2016, with no DM and no underlying disease. We investigated the association
between serum lipid profile and HbA1c levels and between baseline ApoB levels and changes in HbA1c levels after 1 to 2 years.

Results: High ApoB levels in both sexes were associated with high HbA1c levels. Compared to other lipid profile tests, in men, ApoB correlated with
HbA1¢, even after adjusting for age and body mass index (BMI) (P<0.05). In women, ApoB correlated with HbA1c (P<0.05), although the association
was not statistically significant after adjusting for age and BMI. High baseline levels of ApoB were associated with increases in HbA1c after 1 to 2
years in women (P<0.05). However the association was not statistically significant in men.

Conclusion: ApoB was significantly associated with HbA1c and high ApoB levels at baseline in women were associated with increased HbA1c levels

after 1to 2 years.
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(triglyceride, TG)& 1= enzymatic calorimetric test= =7 8}%1aL

Table 1. Baseline characteristics of the study population

Total Gender

Characteristic = P-value*
(n=410)  Male (n=221) Female (n=189)
Age (y) 43,98+8.63 45.56+8.35 42.14+8.60 <0.001
BMI (kg/m?) 22.99+2.73 23.83£2.45 22.00+2.72 <0.001
TC (mg/dL) 182.12+31.06 184.72£30.96  179.08+31.00 0.067
TG (mo/dL) 104.36%73.39 118.71£80.65 87.79+59.84  <0.001
HDL (mg/dL) 547441332  50.64+11.99 59.53+£13.23 <0.001
LDL (mg/dL) 113.34429.29 118.19+28.41 107.67+29.37 <0.001
HbA1c (%) 5.47+0.26 5.47+0.27 5.46+0.26 0.083
ApoB (mg/dl)  93.78+24.06 100.85+22.53 85.51+23.18  <0.001

Values are presented as meanztstandard deviation.

BMI, body mass index calculated as weight in kilograms divided by height in me-
ters squared; TC, total cholesterol; TG, triglyceride; HDL, high-density lipoprotein
cholesterol; LDL, low-density lipoprotein cholesterol; HbA1c, glycated hemoglo-
bin; ApoB, apolipoprotein B.

“P-value were calculated by paired t-test.
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HDL-2 selective inhibition B9 =, LDL-2 homogeneous enzymatic 3. EA4 XNz
calorimetric test 2 =73} tH(Hitachi 747; Hitachi, Tokyo, Japan). FA| £-49-2- SPSS program for Window version 23.0 (IBM Co., Ar-
ApoB+= rate nephelometry -2 ]88 AvF =5 ATHIM- monk, NY, USA) 27| %] = 0]9—01-04 AlYslic) HE Avbs Hot
MAGE system; Beckman Coulter, Fullerton, CA, USA). 7], 4| %2 2}-5- EFHAF A O HpE2] AFAS el Y6l T—test‘%
SA71E ol &slar, A A (kg/m? body mass index, BMI)x=  ©]-8-8ISAck AR A A ] [R= ApoB Aof| whef AR 9>
S 719 AIS2 of-8-5kof AFESsialnt ARg5to] 4719] group & & E57-5FSATE ARE-$1ofl T ApoB 7 ]

220 2 A G A A= 835 (25%), 100.1 (50%), 114.5 (75%), AA}=

Table 2. Baseline characteristic of study population divided into quartiles according to ApoB in 1st and 2nd medical check up

Quatiles according to ApoB

Variable P-value”
Q1 Q2 Q3 Q4
1st check up
Male (n) 55 50 61 55
Age (y) 46.04+9.31 45.34+8 .66 44 36+8.36 46.60+6.98 0.510
BMI (kg/m?) 22.90+2 .33 23.70+2.68 23.94+2 .21 24.77+2.29 0.001
TC (mg/dL) 153.31+17.66 174.98+20.39 195.97+25.52 212.51+21.65 <0.001
TG (mg/dL) 81.38+47.65 99.06+46.18 128.10+94.97 163.47£91.42 <0.001
HDL (mg/dL) 57.13£12.21 52.12+£14.00 48.43+8.56 45.27+9.89 <0.001
LDL (mg/dL) 85.07+15.54 109.74+12.71 129.72+15.78 146.202+2 .14 <0.001
HbA1c (%) 5.37+0.25 5.42+0.23 5.45+0.24 5.63+0.27 <0.001
ApoB (mg/dL) 72.0919.44 93.04+4.95 107.15+3.89 129.73£12.15 <0.001
Female (n) 47 44 51 47
Age (y) 38.74+7.91 39.25+7.24 42.94+8.17 47.38+8.33 <0.001
BMI (kg/m?) 21.46%2 53 21.36+2.51 22.34+2 50 22.79+3.11 0.027
TC (mg/dL) 149.42+19.92 173.18£18.22 191.37+22.80 212.90+£20.69 <0.001
TG (mg/dL) 75.22+53.04 83.54+43.84 111.17£78.70 145.23+86.16 <0.001
HDL (mg/dL) 59.46+14.60 57.18+13.84 53.17£11.65 49.50+11.01 0.007
LDL (mg/dL) 78.77+15.33 105.05+£12.89 123.12£15.62 144.81+21.03 <0.001
HbA1c (%) 5.39+0.25 5.42+0.24 5.47+0.26 5.59+0.27 0.078
ApoB (mg/dL) 57.85+7.63 76.23+4.03 90.20+4.89 116.77+14.51 <0.001
2nd check up

Male (n) 55 51 56 59

Age (y) 47.05+9.64 46.73+7.74 47.73+8.29 46.75+7.40 0911

BMI (kg/m?) 23.07+2.42 24.05+2 23 23.68+3.95 24.02+3.99 0372

TC (mg/dL) 155.22+18.24 182.71£21.37 197.57+16.34 223.51£19.80 <0.001

TG (mo/dL) 90.44+40.52 133.65+109.72 138.16+80.22 156.27+120.17 0.002

HDL (mg/dL) 55.18+11.75 49.57+10.88 49.13+£10.13 48.15+£9.52 0.002

LDL (mg/dL) 86.25+15.63 112.31£14.47 128.64+15.31 152.15+18.62 <0.001

HbA1c (%) 5.32+0.24 5.44+0.30 5.46%0.27 5.58+0.26 <0.001

ApoB (mg/dL) 72.76+9.75 94.22+4 58 108.68+4.53 130.34+12.28 <0.001

Female (n) 42 46 53 48

Age (y) 39.02+7.27 42 26+7.63 45.06+8.61 47.40+8.60 <0.001

BMI (kg/m?) 21.14+2 .82 22.03+2.89 22.02+2.50 23.06+4.31 0.046

TC (mg/dL) 151.98+22 41 174.48+15.70 194.32+18.58 223.04+£17.85 <0.001

TG (mo/dL) 58.98+24.10 79.09+38.71 78.47+29.42 119.15+78.54 <0.001

HDL (mg/dL) 63.05+12.75 63.63+11.32 60.87+13.14 55.85+10.24 0.007

LDL (mg/dL) 77.02+13.50 98.39+11.39 121.08+12.26 149.42+17 .35 <0.001

HbA1c (%) 5.2810.20 5.35+0.27 5.41+0.26 5.48+0.32 0.007

ApoB (mg/dL) 60.33+7.98 77.02+4.28 92.02+5.36 120.25+14.39 <0.001

Values are presented as meantstandard deviation.
ApoB, apolipoprotein B; BMI, body mass index calculated as weight in kilograms divided by height in meters squared; TC, total cholesterol; TG, triglyceride; HDL, high-
density lipoprotein cholesterol; LDL, low-density lipoprotein cholesterol; HbA1c, glycated hemoglobin.
*P-value is compared between Q1 and Q4 by paired t-test.
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2} 189'9) 2] Btk Lo, 43.98+8.634; BMI, 22.99+2.73 kg/m* TC,
182.12431.06 mg/dL; TG, 104.36+73.39 mg/dL; HDL, 54.74+13.32 mg/
dL; LDL, 113.34+29.29 mg/dL; HbA ¢, 547+0.26%; ApoB, 93.78+24.06
mg/dL3ATH Table 1).

Q1 RS U2 LS ApoB 3520 wfel oA 45
o] 7R ke LhE] =0 k) 4ot-S v wsk Aak A A7) 7

L

XA Ao A= ApoB7F 42 -l BMI, TC, TG, LDL, HbAlc
Lz }6} HDL2 ghaxsgl ot vroli= $A14] #-2l/do] §19k
A A7 AR A o x| A= ApoBZ} 3-8 U & Lol BMI, TC,

Table 3. Pearson coefficient correlation of HbA1c with characteristics
of study population

1st medical check up 2nd medical check up

Variable
HbA1c P-value HbA1c P-value
Male
Age (y) 0.167 0.013 0.258 <0.001
BMI (kg/m?) 0.173 0.010 0.130 0.053
TC (mg/dL) 0.353 <0.001 0.269 <0.001
TG (mo/dL) 0.311 <0.001 0.225 0.001
HDL (mg/dL) -0.114 0.091 -0.128 0.057
LDL (mg/dL) 0.289 <0.001 0.222 0.001
ApoB (mg/dL) 0.391 <0.001 0.336 <0.001
Female
Age (y) 0.262 <0.001 0.356 <0.001
BMI (kg/m?) 0.131 0.011 0.135 0.065
TC (mg/dL) 0.162 <0.001 0.204 0.005
TG (mg/dL) 0.225 <0.001 0.288 <0.001
HDL (mg/dL) -0.210 0.010 -0.199 0.006
LDL (mg/dL) 0.219 0.002 0.238 0.001
ApoB (mg/dL) 0.225 <0.001 0.293 <0.001

HbA1c, glycated hemoglobin; BMI, body mass index calculated as weight in ki-
lograms divided by height in meters squared; TC, total cholesterol; TG, triglycer-
ide; HDL, high-density lipoprotein cholesterol; LDL, low-density lipoprotein cho-
lesterol; ApoB, apolipoprotein B.
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O] A S HYIAL HDL (r=-0.114)2 A4 f1-2)/de] §lgie of
ZLol| A A 7] Al HbAle= Hro](1=0.262), BMI (1=0.131), TC (1=0.162),
TG (r=0.225), LDL (r=0.219), ApoB (r=0.225)2} 9F2] A7), HDL
(1=-0.210)1}= 0] AJHTAE Helom i 5440 = Fos)
QAT TR 7 Al A A HbAler= LHe](1=0.258), TC (1=0.269),
TG (r=0.225), LDL (r=0.222), ApoB (r=0.336)2} 9Fo] AHHA| = 5]
OLf, BMI B! HDLH= S|4 -0 /do] QISlet mhAjat 271 Af o
ZFof A HbAlct= L10](r=0.356), TC (r=0.204), TG (r:0.288) LDL
(r=0.238), ApoB (1=0.293)2} 9F0] AFA|, HDL (r=-0.199)} = -9}
FHAE HLou BMI= A4 -2/ ¢loiek ‘*XMW =
HEAPZ71LF A1) ApoB7} o} 2] st50l| B8l HbAleR} 714 7
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lﬂ 02‘; ml
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Table 4. Partial coefficient correlation of HbA1c with lipid profile ad-
justed for age and BMI

1st medical check up 2nd medical check up

Variable
HbA1c P-value HbA1c P-value

Male

TC (mg/dL) 0.364 <0.001 0.309 <0.001

TG (mg/dL) 0.275 <0.001 0.247 <0.001

HDL (mg/dL) -0.043 0.524 -0.103 0.128

LDL (mg/dL) 0.295 <0.001 0.252 <0.001

ApoB (mg/dL) 0.366 <0.001 0.346 <0.001
Female

TC (mg/dL) 0.039 0.592 0.077 0.295

TG (mg/dL) 0.140 0.057 0.225 0.002

HDL (mg/dL) -0.145 0.047 -0.181 0.013

LDL (mg/dL) 0.094 0.202 0.116 0.113

ApoB (mg/dL) 0.086 0.243 0.166 0.023

HbA1c, glycated hemoglobin; BMI, body mass index calculated as weight in ki-
lograms divided by height in meters squared; TC, total cholesterol; TG, triglycer-
ide; HDL, high-density lipoprotein cholesterol; LDL, low-density lipoprotein cho-
lesterol; ApoB, apolipoprotein B.
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Table 5. Linear by linear association of changes in HbA1c and initial
apolipoprotein B quartiles

Quatiles according to Apo B

Variable P-value*
Q1 Q2 Q3
Male (n) 55 50 61 55 0.059
AHbA1C (<) or 0 58.2 66.0 65.6 76.4
AHbA1C (+) 418 34.0 344 236
Ferale (n) 47 44 51 47 0.033
AHbA1C (-) or 0 78.7 75.0 68.6 59.6
AHbA1C (+) 213 25.0 314 404

Values are presented as percentage only. AHbATc=HbA1c value in 2nd check
up-HbA1c value in 1st check up.

HbA1c, glycated hemoglobin.

*P-value=asymptotic significance probability by linear by linear association.

o]7} HbA1c®} 717 743t QFo] ATt Al S AL ApoB+= Ltolof| o]
o] W x| 2 A4 O] Ql2-0] Zol=| QI CHTable 3).
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