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— Abstract —

Relationship Between Urinary t, t-muconic Acid and
Insulin Resistancein the Elderly

Hyun-Seung Park, Jeong-Cheol Seo, Jin-Hee Kim?®, Sang-Hyuk Bae”,
Youn-Hee Lim?, Soo-Hun Cho, Yun-Chul Hong

Department of Preventive Medicine, College of Medicine, Seoul National University
Institute of Environmental Medicine, Seoul National University Medical Research Center?
Department of Epidemiology and Biostatistics, School of Public Health, Seoul National University?

Objectives. To examine the associations between the urinary t, t-muconic acid (t, t-MA) concentration
and three indices of insulin resistance; namely, the homeostasi s assessment of insulin resistance (HOMA-
IR) index, blood insulin level and fasting glucose level.

Methods: A panel study was performed on the elderly at a public health care center population in the
northern area of Seoul between 2008 and 2010. The participants were 560 elderly, over 60 years of age
whose urinary t, t-MA and insulin resistance indices had been measured; questionnaires were completed
by these participants. A generalized linear mixed (GLM) analysis was adjusted for age, sex, drinking, uri-
nary cotinine, exercise, vitamin intake and body massindex, at a significance level of p<0.05.

Results: A total of 411 participants were finally analyzed after excluding those with diabetes and only
one visit to the public health care center. Higher urinary t, t-MA concentrations were linearly associated
with the HOMA-IR index, blood insulin level and fasting glucose level in the simple and fully adjusted
GLM models. Although there were few limitations, a portion of insulin resistance was proven to be
explained by exposure to benzene using r-squared. A significant relationship was also observed between
urinary t, t-MA and malondialdehyde (MDA) using the same GLM models.

Conclusions: Urinary t, t-MA is related to the development of insulin resistance which is a key factor
for development of diabetes and its complications induced by oxidative stress

Key words. Trans, Trans-muconic acid, Insulin resistance, Oxidative stress
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(1) &% trans, trans-muconic acid (t,t-MA)

a2 AEe ¥ A8 UIE 283t AFAsHAT
AE AF F AL A7) ste] kg ofo] suk
of wobd rtetia, sl A A7EA] AR st
0= E#AsIS T, };__f_séou t,t-MA (500 mg/L)%t

© 2.5 mg/mL)<& 2z} Uﬂ‘iw—*%
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(2) 2% malondialdehyde (MDA)
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Table 1. Demographic properties of study participants
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H3AE 3097 (75.2%)2 w75 3HA
i 929 (22.4%) =55 @
(85.2%)°] WA= FA< shAl &skaL, 28 ( 6.8%
HAZFAZE ol ANem, 269 (6.3%)= A= F
a1 9ttt FAACE SEalsld g e 7
o7k 25078(60.8%). ot 1637 (37.2%)°190H. <+
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g dEG A Hera "@elsla, 73%(17.8%)°] o+
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Number of participants (%)

Sex Men 105 (25.5%)
Women 306 (74.5%)
Age 60 to 69 188 (45.7%)
70to 79 205 (49.9%)
>80 18 (4.4%)
Smoking status Non-smoker 350 (85.2%)
Past-smoker 28 (6.8%)
Current-smoker 26 (6.3%)
Missing 7 (1.7%)
Alcohol consumption No 309 (75.2%)
Yes 92 (22.4%)
Missing 10 (2.4%)
Regular exercise No 153 (37.2%)
Yes 250 (60.8%)
Missing 8 (2.0%)
Vitamin intake <1 pill/day 302 (73.5%)
>1 pill/day 73 (17.8%)
Missing 36 (8.7%)
Table 2. Urinary t,t-muconic acid by selected demographic variables
N Mean=+ S.D.* (mg/g creatinine) p-vaue
Urinary t,t-muconic acid (all) 1354 0.034+0.041
Urinary t,t-muconic acid (by visit) First visit 411 0.023+0.015 <0.01
Second visit 327 0.047+0.064
Third visit 296 0.031+0.030
Fourth visit 267 0.035+0.041
Fifth visit 53 0.041+0.033
Sex Mae 105 0.024+0.019 0.51
Female 306 0.023+0.013
Quartile for urinary cotinine <25% 102 0.019+0.009 <0.01
25-50% 103 0.023+0.015
50-75% 102 0.022+0.015
>75% 104 0.028+0.018
Daily vitamin intake <1 pill/day 302 0.024+0.016 0.04
>1 pill/day 73 0.020+0.011

*standard deviation.
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Table 3. Generalized linear mixed model and r-squared for insulin resistance and log t,t-muconic acid

Model 1* R-squared

Estimate Std. error p-value Type 1 Type2'
log glucose 0.019 0.007 <0.001 0.007 0.075
log insulin 0.138 0.037 <0.001 0.021 0.073
log HOMA-IR 0.157 0.040 <0.001 0.025 0.076
log MDA 0.292 0.021 <0.001 0.108 0.088

Model 21 R-squared

Estimate Std. error p-value Type 1 Type2'
log glucose 0.017 0.007 <0.001 0.022 0.092
log insulin 0.138 0.037 <0.001 0.185 0.246
log HOMA-IR 0.156 0.041 <0.001 0.172 0.232
log MDA 0.286 0.024 <0.001 0.108 0.089

Mode! 3! R-squared

Estimate Std. error p-value Type 1 Type2'
log glucose 0.034 0.008 <0.001 0.033 0.096
log insulin 0.125 0.037 <0.001 0.181 0.239
log HOMA-IR 0.158 0.040 <0.001 0.168 0.224
log MDA 0.273 0.024 <0.001 0.113 0.094

*simple GLM model.

"GLM model was adjusted for age, sex, drinking, exercise, vitamin intake, body mass index (BMI) and urinary cotinine level.
'GLM model was adjusted for age, sex, drinking, exercise, vitamin intake, body mass index (BMI), urinary cotinine level, PM10

level, SO2 level, O3 level, NO2 level and CO level.
‘R-squared value within measurements.
'R-squared value within subjects.

HOMA-IR; Homeostasis assessment of insulin resistance index, MDA ; malondialdehyde, Std. error; standard error.
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Fig. 1. Relationships between urinary t,t-muconic acid and insulin resistance indices and urinary MDA.
Generalized additive model, model was adjusted for age, sex, drinking, exercise, vitamin intake, body mass index
(BMI), urinary cotinine level, PM 10 level, SO2 level, O3 level, NO2 level and CO level.

Lines were drawn according to model, shaded areas shown 95% confidence intervals.

MDA: malondialdehyde, HOMA-IR, t,t-MA: t,t-muconic acid, Homeostasis assessment of insulin resistance

index.
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