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ABSTRACT

Background: There are many published studies on the association between urinary concentration of
3-hydroxypropylmercapturic acid (3-HPMA), a metabolite of acrolein, and metabolic syndrome. However,
inconsistent results have been reported. Additionally, there are currently no studies that have been conducted
on Koreans.

Objectives: The purpose of this study is to investigate the association between the urinary concentration of
3-HPMA, a metabolite of acrolein, and metabolic syndrome.

Methods: We analyzed data from 1,559 Korean adults aged 19 and older who participated in the Korea
National Health and Nutrition Examination Survey from 2020 to 2021. The criteria for metabolic syndrome
were based on the National Cholesterol Education Program Adult Treatment Panel III, and the concentration
of urinary 3-HPMA was divided into quartiles. The least squares means of the components of metabolic
syndrome were calculated based on the concentration of 3-HPMA, and logistic regression analysis was
performed to provide odds ratios (OR) and 95% confidence intervals (CI).

Results: The median concentration of 3-HPMA in the participants’ urine was 420.02 (IQR: 690.51~257.30)
ug/mL, and the prevalence of metabolic syndrome was 37.8%. In the comparison of quartiles, an increase
in 3-HPMA concentration was associated with a higher prevalence of components of metabolic syndrome
(OR: 3.05, 95% CI: 2.02~4.62). However, after adjusting for all covariates, no significant difference was found
between the urinary concentration of 3-HPMA and the components of metabolic syndrome (OR: 1.38, 95%
CIL: 0.74~2.54).

Conclusions: We did not find a significant association between the urinary concentration of 3-HPMA, a

metabolite of acrolein, and metabolic syndrome.
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Highlights:

» The concentration of 3-HPMA increased
in women, at higher ages, and with
lower education and income levels.

- As the concentration of 3-HPMA
increased, significant differences were
observed among all components of
metabolic syndrome.

- However, no significant association
was observed between metabolic
syndrome and 3-HPMA in logistic

regression with multivariate corrected.
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2. tiArE=ate| 89

AL T2 National Cholesterol Education Program
Adult Treatment Panel IIT (NCEP-ATP III, 2009)°]4] AAgt
7K 74 24 5 Al 7 ol4e] 917 1ol st
Aoz Hojslgom P il X 74 84 & o ZTE
A2 A9 B4 A Atk 58, slekEd 1)
7129 A% RN A 715 48U B A7
oMM AHEE TR 74 B4 AT /2L thet 2
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o] 85 mmHg o] fo]AL}, TEYO R kS B85t Y
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A F713E A SA A B4 arste] 4
3tk AT AL 5 3-HPMAS] =7t AEA (Lower
Limit of Detection, LOD) ZtETH 22 109o] tisiA= A=
A %491 0.128 pg/Lo = AL, olF A A=
9] 3-HPMAY] 5= s A2 1 FIof 1 = wreksto]
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£ AL BHS 1) A, Y, 5% $F M & A 180 WRSHIE 85 iRk AT 19 5% Y 1
5 AF A, A, S5 A &5, ZEY 5=, A 9] o] S R AFL = AL, AA EE2 < 15Y
Table 1. General characteristics of participants according to MetS
Variables Overall non-MetS MetS P
No. of participants [n (%)] 1,559 (100.0) 970 (67.0) 589 (33.0) 0.25
Age (y) 49.2(0.7) 45.0 (0.6) 57.7(0.9) <0.001
Male (%) 49.0 (1.3) 46.5 (1.8) 54.1(2.4) 0.023
Education level (%) <0.001
Less than middle 19.1 (1.5) 13.4 (1.5) 30.7 (2.6)
Less than high 36.0 (1.8) 352 (2.0) 376 (2.7)
College or above 44.9 (2.0) 51.4 (2.3) 31.7 (3.0)
Household income (%) <0.001
Low 12.2 (1.3) 8.2 (1.3) 20.2 (2.3)
Middle low 25.5(1.9) 24.3(2.2) 28.1(2.5)
Middle high 26.9 (2.0) 28.9 (2.4) 22.8(2.5)
High 35.4(2.8) 38.6 3.1) 28.9 (3.2)
Residence area (%) <0.001
Urban 87.3 (2.3) 89.9 (2.0) 82.0 (3.5)
Rural 12.7 (2.3) 10.1 (2.0) 18.0 (3.5)
Occupation (%) 0.001
White collar 28.4 (1.7) 32.0 (2.0) 212 (2.6)
Blue collar 34.6 (1.8) 33.1 (2.0) 37.8(2.7)
Unemployed or not in labor 36.9 (1.5) 349 (1.8) 41.0 (2.5)
Alcohol use (%) 0.030
No 44.1 (1.6) 41.8 (2.0) 489 (2.7)
Yes 55.9 (1.6) 58.2 (2.0) 51.1 (2.7)
Physical activity to walk (%) 0.52
No 58.6 (1.8) 579 (2.2) 60.0 (2.7)
Yes 41.4(1.8) 42.1(2.2) 40.0 (2.7)
Urinary cotinine (ng/mL) 230.8 (18.3) 214.0 (22.4) 265.0 (32.6) <0.001
BMI (kg/m?) 24.1(0.1) 23.1(0.2) 26.2(0.2) <0.001
3-HPMA adjusted to creatinine (urine, pg/g cr.) 552.6 (15.7) 508.2 (17.0) 642.9 (27.4) <0.001
Median (IQR) (urine, pg/g cr.) 420.0 (257.3,690.5)  387.2(235.7,6224)  512.4(310.5, 813.1) <0.001
3-HPMA (urine, pg/L) 678.2 (20.5) 678.3(26.2) 678.0 (31.3) <0.001
Creatinine (urine, mg/dL) 132.8 (2.3) 141.7 (2.7) 114.8 (3.3) <0.001

Values are presented as mean (standard error) or % (standard error).

MetS: Metabolic Syndrome, BMI: Body Index Mass, IQR: InterQuartile Range.
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7= ZFEE SAS (Statistical Analysis System, version 9.4)
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Table 2. Least squares means (standard error) of components of MetS according to the concentration of 3-HPMA

Model 1 Model 2 Model 3
Outcome variable
Mean (SE) P Mean (SE) p Mean (SE) P

Waist circumference (cm)

Quartile 1* 81.8 (0.5) Ref 84.3(0.3) Ref 84.3(0.3) Ref

Quartile 2 83.9(0.7) 0.24 84.5(0.3) 0.46 84.6 (0.3) 0.49

Quartile 3 85.1(0.8) 0.005 84.2(0.3) 0.99 84.2(0.3) 0.88

Quartile 4 86.3(0.7) <0.001 84.5(0.3) 0.40 84.5(0.3) 0.68
Triglyceride (mg/dL)

Quartile 1 115.2 (4.6) Ref 125.6 (6.5) Ref 129.9 (6.7) Ref

Quartile 2 122.8 (5.0) 0.29 1277 (6.2) 0.78 129.2 (6.3) 0.92

Quartile 3 117.0 (5.0) 0.79 118.4 (7.0) 0.31 117.0 (7.0) 0.07

Quartile 4 150.3 (11.6) 0.005 145.5 (11.7) 0.08 135.2 (9.7) 0.56
HDL-cholesterol (mg/dL)

Quartile 1 55.5(0.9) Ref 53.4 (1.0) Ref 53.3 (1.0) Ref

Quartile 2 52.6 (0.8) 0.014 52.1(0.7) 0.19 52.2(0.7) 0.25

Quartile 3 52.5(0.8) 0.018 52.7(0.9) 0.54 52.7(0.9) 0.59

Quartile 4 51.0 (1.0) 0.001 523 (11) 0.35 524 (1.1) 043
Systolic blood pressure (mmHg)

Quartile 1 114.5 (0.8) Ref 121.2 (0.8) Ref 121.3 (0.9) Ref

Quartile 2 116.6 (0.9) 0.09 119.9 (0.9) 0.20 120.0 (0.9) 0.19

Quartile 3 119.9 (1.1) <0.001 121.3 (1.2) 0.93 121.3 (1.2) 0.98

Quartile 4 122.5 (1.1) <0.001 121.7 (L1) 0.65 121.6 (L.1) 0.79
Diastolic blood pressure (mnmHg)

Quartile 1 73.4(0.5) Ref 75.1 (0.6) Ref 75.2 (0.6) Ref

Quartile 2 73.8 (0.6) 0.57 74.2 (0.7) 0.24 74.3 (0.7) 0.19

Quartile 3 74.6 (0.8) 0.19 74.8 (0.8) 0.78 74.8 (0.8) 0.59

Quartile 4 76.2 (0.8) 0.003 75.6 (0.9) 0.58 75.2 (0.9) 0.10
Fasting glucose (mg/dL)

Quartile 1 97.0 (0.9) Ref 103.2 (1.8) Ref 103.3 (1.8) Ref

Quartile 2 100.5 (1.1) 0.020 103.8 (1.8) 0.66 1039 (1.8) 0.68

Quartile 3 102.4 (1.6) 0.004 104.7 (2.7) 0.40 104.7 (2.7) 0.46

Quartile 4 107.7 (2.7) <0.001 107.8 (2.6) 0.11 107.7 (2.6) 0.11

Model 1: Crude model, Model 2: Adjusted for age, sex, education, household income, residence area, occupation, alcohol use, physical activity to
walk and body index mass, Model 3: Adjusted for Model 2+ urinary cotinine.
*It’s the range of concentration of adjusted 3-HPMA to creatinine (Quartile 1: 66.5~281.8, Quartile 2: 281.9~455.9, Quratile 3: 456.3~766.8,

Quartile 4: 767.4~9,037.0) (ug/g cr.).
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Table 3. Odds ratios (95% confidence intervals) of components of MetS according to the concentration of 3-HPMA

Model 1 Model 2 Model 3
Outcome variable
OR (95% CI) p OR (95% CI) p OR (95% CI) p

MetS

Quartile 1* 1 (Ref) 1 (Ref) 1 (Ref)

Quartile 2 1.81 (1.21~2.69) 0.004 1.31 (0.79~2.15) 0.29 1.29 (0.78~2.14) 0.32

Quartile 3 2.15(1.46~3.17) <0.001 1.14 (0.69~1.89) 0.60 1.10 (0.67~1.82) 0.71

Quartile 4 2.99 (1.99~4.52) <0.001 1.61 (0.91~2.87) 1.10 1.41 (0.75~2.64) 0.28
Abdominal obesity

Quartile 1 1 (Ref) 1 (Ref) 1 (Ref)

Quartile 2 1.46 (1.03~2.06) 0.034 1.50 (0.82~2.75) 0.19 1.47 (0.80~2.72) 0.22

Quartile 3 1.79 (1.27~2.51) <0.001 1.68 (0.90~3.14) 0.10 1.64 (0.87~3.09) 0.12

Quartile 4 2.05 (1.44~2.94) <0.001 1.45 (0.79~2.66) 0.23 1.29 (0.66~2.51) 0.46
Hypertriglyceridemia

Quartile 1 1 (Ref) 1 (Ref) 1 (Ref)

Quartile 2 1.32 (0.91~1.91) 0.15 0.97 (0.64~1.46) 0.88 0.94 (0.62~1.43) 0.77

Quartile 3 1.70 (1.14~2.52) 0.009 1.07 (0.69~1.65) 0.77 0.99 (0.64~1.55) 0.97

Quartile 4 2.28 (1.55~3.34) <0.001 1.33 (0.85~2.09) 0.22 1.04 (0.65~1.68) 0.86
Low HDL

Quartile 1 1 (Ref) 1 (Ref) 1 (Ref)

Quartile 2 1.38 (0.97~1.96) 0.08 1.07 (0.72~1.58) 0.75 1.03 (0.70~1.52) 0.88

Quartile 3 1.70 (1.16~2.48) 0.007 1.05 (0.68~1.62) 0.83 1.03 (0.67~1.58) 0.89

Quartile 4 1.70 (1.15~2.49) 0.007 1.16 (0.73~1.85) 0.52 1.13 (0.69~1.84) 0.63
Hypertension

Quartile 1 1 (Ref) 1 (Ref) 1 (Ref)

Quartile 2 1.53 (1.09~2.14) 0.014 0.96 (0.65~1.43) 0.85 0.95 (0.64~1.40) 0.78

Quartile 3 1.76 (1.26~2.47) 0.001 0.86 (0.54~1.37) 0.53 0.83 (0.52~1.33) 0.44

Quartile 4 2.68 (1.84~3.91) <0.001 1.14 (0.70~1.86) 0.61 1.00 (0.59~1.68) 0.99
Hyperglycemia

Quartile 1 1 (Ref) 1 (Ref) 1 (Ref)

Quartile 2 1.53 (1.06~2.20) 0.022 1.08 (0.72~1.62) 0.70 1.08 (0.72~1.63) 0.69

Quartile 3 1.47 (1.03~2.09) 0.036 0.83 (0.56~1.22) 0.34 0.82 (0.56~1.21) 0.32

Quartile 4 2.22 (1.60~3.08) <0.001 1.06 (0.72~1.57) 0.75 1.04 (0.68~1.58) 0.86

Model 1: Crude model, Model 2: Adjusted for age, sex, education, household income, residence area, occupation, alcohol use, physical activity to
walk and body index mass, Model 3: Adjusted for Model 2 + urinary cotinine.
*It’s the range of concentration of adjusted 3-HPMA to creatinine (Quartile 1: 66.5~281.8, Quartile 2: 281.9~455.9, Quratile 3: 456.3~766.8,

Quartile 4: 767.4~9,037.0) (ug/g cr.).
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