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Association between antioxidant nutrients, depression, and cognitive function:
The Mikkabi Active Aging Study

Nakamura, Mieko
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A cohort study (The Mikkabi Study) was conducted from 2003 to 2013 to
clarify the relationship between antioxidant carotenoids and lifestyle-related diseases. This study
aimed to extend the follow-up period and the outcomes of the Mikkaibi Study to clarify the outcomes
in older age. This study revealed sex differences in the association between applied activities of
daily living scores (Frenchay Activities Index Japanese version, Hachisuka et al.) and self-rated
health, S-WHO-5-J Japanese version; serum total carotenoids and green-yellow vegetable intake
negatively associated with all-cause mortality, and serum lutein and zeaxanthin negatively
associated with inflammation indices in nonsmokers.
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Table 1. Summary of participant demographic characteristics, lifestyle factors, and physical and
blood examination findings stratified according to high-sensitivity C-reactive protein level.

- hs-CRP < 2.0 m: hs-CRP > 2.0 mg/L
Characteristics Ry g/l =103 8/ p-Value !
Age, years, mean (SD) 554 {9.8) 56.3 (10.8) 0.36
Memn, n (%a) 255 {85.3) +4 (14.7) 0.04
Women, n (%) 524 {B9.9) 59 (10.1)
Current smoking: no, (%) 690 (B&.5) a0 (11.5) 0.72
Current smoking: yes, n (%) 89 (87.3) 13 (12.7)
Regular alcohol intake: no, n (%) 586 (B5.9) 73 (11.1) 0.34
Regular alcohol intake: yes, i (%) 193 (86.5) 30 (13.5)
Habitual exercise: no, i (%) 591 (B&.1) 80 (11.9) 0.75
Habitual exercise: ves, n (%) 184 (85.9) 23 (11.1)

Body mass index, kg/ m2, mean (SD) n7 (2.8) 248 4.2) <0.01
Systolic blood pressure, mmHg, mean (SD) 130 (200 134 (18) 0.10
Diastolic blood pressure, mmHg, mean (SD) 77 (12) 79 (11) 0.09

Total cholesterol, mg /dL, mean (SD) 212 (34) 213 (36) 0.63

LDL cholesterol, mg/dL, mean (SD) 126 (31) 130 (31) 0.21

HDL cholesterol, mg/dL, mean (SD) 65 (17) 60 (16) <0.01

Triglycerides, mg/dL, mean ? a0 102 0.04
Hemoglobin Ale, %, mean 2 51 54 =001

White blood cell count, mean > 5287 6064 <0.01

Total energy intake, keal, mean (SD) 2079 (589) 2109 (543) 0.62
Total serum carotenoids, umol/L, mean 2 348 311 0.03
Onygenated carotenoids, umol /L, mean z 236 212 0.08
Lutein, pmol /L, mean 2 0.57 0.52 0.01
Zeaxanthin, umol /L, mean 2 024 022 0.01
p-Cryptoxanthin, umol/L, mean 137 123 0.23
Hydrocarbon carotenoids, umol /L, mean 2 1.03 0.89 0.01
a-Carotene, umol /L, mean 2 0.13 0.12 0.07
p-Carotene, umol /L, mean * 0.59 051 002
Lycopene, pmol /L, mean z 0.26 0.22 0.04

hs-CRP: high-sensitivity C-reactive protein; S0 standard deviation; LDL: low-density lipoprotein; HDL: high-density
lipoprotein. ! p-value for differences were obtained using -tests for continuous variables and chi-square tests for
categorical variables. > Means were calculated using log-transformed values and shown as the original scale.
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Table 2. Adjusted odds ratios and 95% confidence intervals for a high high-sensitivity C-reactive
protein level according to tertiles of serum carotenoid concentration with the lowest tertile of each
carotenoid as a reference using logistic regression analysis.

Tertiles of Serum Carotenoid Concentration !

Serum Carotenoids T1 i{Low) T2 T3 (High)
OR OR 95% CI OR 95% CI
Total serum Model 12 L.00 (.56 (0.33-0.93) (.53 (0.30-0.91)
carotenoids Model 23 1L.00 0.52 (0.30-0.90) 0.57 (0.32-0.9997)
Oxygenated Model 12 1.00 0.58 (0.35-0.98) 0.50 (0.29-0.86)
carotenoids Model 2 3 1.00 (.58 (0.34-0.99) 0.50 (0.28-0.90)
Lustei Model 12 100 .78 (0.49-1.26) (.40 (0.23-0.70)
utein Model 23 1.00 0.81 (0.50-1.33) 0.44 (0.25-0.76)
. hi Model 12 100 .59 (0.36-0.97) 0.37 (0.21-0.64)
Zeaxanthin Model 23 1.00 0.56 (0.34-0.94) 0.36 (0.21-0.64)
2 =

B-Cryptoxanthin Model 1 : 1.00 1.07 (064-181) 0.79 (0.45-1.39)

Model 2° 1.00 0.97 (0.56-1.68) 0.74 (0.41-1.34)
Hydrocarbon Model 12 10D (.80 (0.49-1.31) (.53 (0.30-0.95)
carptenoids Model 23 100 .87 (0.52-1.44) .68 (0.37-1.25)
Caroten Model 12 1.00 0.75 (0.46-1.22) 0.56 (0.31-1.001)
arl-arotene Model 23 1.00 0.78 (0.47-1.30) 0.64 {0.35-1.18)
- Model 1 2 100 0.72 (0.43-1.20) .56 (0.31-1.005)
f-Carotene Model 23 1.00 0.79 (0.46-1.34) 0.74 (0.40-1.37)
2 u -

Lycopene Model 1 : 1.00 0.64 (0.39-1.06) 0.59 (0.34-0.997)
Model 2 - 1.00 (.61 (0.36-1.02) (L63 (0.36-1.08)

OR: odds ratio; CL: confidence interval. ! Tertiles of serum carotenoid concentration (wmol /L): Total carotenoids,

=4.27, 275427, <2.75; Oxygenated carotenoids, =296, 1.74-2.96, <1.74; Lutein, >0.65, 0.47-0.65, <0.47; Zeaxan-

thin, >0.26, (.19-0.26, <0.19; f-Cryptoxanthin, =210, 0.94-2.10, <0.94; Hydrocarbon carotenoids, > 1.38, 0.84-1.38,

<0.84; a-Carotene, =0.15, 0.11-0.15, <0.11; -Carotene, =0.82, 0.47-0.82, <0.47; Lycopene, =0.39, 0.20-0.39, <0.20.

2 Adjusted for age and sex. 3 Adjusted for age, sex, body mass index, current smoking, regular alcohol intake,

habitual exercise, and total energy intake.
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Figure 1. Odds ratios and 95% confidence intervals for a high hs-CRP level with serum carotenoid
concentrations as continuous variables, adjusted for age, sex, body mass index, current smoking,
regular alcohol intake, habitual exercise, and total energy intake.
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Figure 2. Odds ratios and 95% confidence intervals for a high hs-CRP level with lutein and zeaxanthin
concentrations as continuous variables stratified by sex, age, BMI, current smoking, regular alcohol

intake, and habitual exercise, adjusted for age, sex, BML, current smoking, regular alcohol intake,
habitual exercise, and total energy intake (excluding the relevant variable used in the stratification).
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