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Background: Vitamin D and albuminuria have diverse impacts on health, and growing evidence suggests that vitamin D receptor activation may have
antiproteinuric effects. So, we investigated whether serum 25-hydroxyvitamin D [25(0H)D] level is associated with albuminuria in Korea.

Methods: The subjects were 3,350 adults participating in the 6th Korea National Health and Nutrition Examination Survey 2013-2014. In this
crosssectional study, subjects were categorized into the five groups according to their serum 25(0H)D level: mild deficiency, moderate deficiency,
severe deficiency, insufficiency, and sufficiency. Vitamin D level was also classified into quartiles. We categorized albuminuria status into four groups
according to urine albumin creatinine ratio levels: normal, high-normal, microalbuminuria, and macroalbuminuria. Logistic regression was used to

determine the odds ratios (OR) for albuminuria.

Results: In order to evaluate the OR for albuminuria in the context of decreasing vitamin D levels, we adjusted for age, sex, body mass index, smoking
status, and estimated glomerular filtration rate in model 1, and for diabetes and hypertension in model 2. The ORs for microalbuminuria in subjects
with mid-low vitamin D levels over those with high levels were 1.65 in model 1 and 1.64 in model 2. In model 2, the OR for total albuminuria in
subjects with mid-low vitamin D levels over those with high levels was 1.64.

Conclusion: This study showed an inverse association between mid-low serum 25(0H)D levels and albuminuria. However, this study was unable to
meaningfully demonstrate a stepwise increase in albuminuria with decreasing vitamin D levels. Additional studies are required to elucidate the

relationship between vitamin D and albuminuria.
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Table 1. General characteristics of vitamin D and albuminuria

) 25(0H)D (ng/mL) Albuminuria, prevalence
Variable Number (w%)
Mean+SE P-value Number (W%) P-value
All subjects 3,350 (100.0) 16.57+0.20 204 (5.3)
Vitamin D status <0.001 0.722
Deficiency 2,463 (75.8) 13.71+0.11 147 (5.2)
Insufficiency 737 (20.3) 23.75+0.12 49 (6.0)
Sufficiency 150 (4.0) 34.71+0.43 8(5.0)
Vitamin D quartile group <0.001 0.221
Low 791 (25.1) 9.61+0.08 48 (4.8)
Mid-low 817 (24.9) 13.77+0.04 54 (6.6)
Mid-high 834 (25.2) 17.58+0.05 44 (4.3)
High 908 (24.8) 25.4140.23 58 (5.7)
Vitamin D status <0.001 0.469
Severe deficiency 164 (5.1) 6.77£0.18 10 (4.8)
Moderate deficiency 1,321 (41.4) 11.98+0.06 86 (5.9)
Mild deficiency 978 (29.3) 17.35+0.05 51 4.3)
Insufficiency 737 (20.3) 23.75+0.12 49 (6.0)
Sufficiency 150 (4.0) 34.71+0.43 8(5.0)
Age group (y) <0.001 <0.001
20-29 615 (26.9) 15.03+0.31 9(1.3)
30-39 649 (19.7) 15.65+0.26 23 (4.1)
40-49 653 (20.6) 16.26+0.31 37 (5.9)
50-59 722 (20.2) 18.50+0.33 52 (6.8)
>60 711(12.6) 18.75+0.34 83(12.7)
Sex <0.001 0.263
Men 1,682 (58.8) 17.12+0.24 104 (4.9)
Women 1,668 (41.2) 15.79+0.21 100 (5.9)
Body mass index (kg/m?) 0.003 0.016
Underweight (<18.5) 143 (4.5) 15.11+0.52 8 (4.5)
Normal (18.5-22.9) 1,330 (40.2) 16.59+0.26 58 (4.0)
Overweight (23.0-24.9) 796 (23.5) 17.16+0.33 51 (5.1)
Obesity (>25.0) 1,081 (31.8) 16.3310.26 87(7.2)
Smoking status 0.001 0.468
Never 1,871 (51.0) 16.31+0.22 119 (5.7)
Current 827 (28.7) 16.49+0.31 42 (4.5)
Former 652 (20.3) 17.37+0.29 43 (5.7)
eGFR group (mL/min) 0.024 <0.001
<60 46 (1.0) 19.11+1.11 19 (46.1)
>60 3,304 (99.0) 16.55+0.20 185 (4.9)
Diabetic mellitus 0.149 <0.001
Yes 365 (9.0) 17.12+0.42 69 (17.9)
No 2,985 (91.0) 16.52+0.20 135 (4.1)
High blood pressure 0.006 <0.001
Yes 509 (11.7) 17.56+0.41 74 (14.2)
No 2,841 (88.3) 16.44+0.20 130 (4.2)
Albuminuria 0.240
Low-normal 2,716 (82. 8) 16.55+0.21
High-normal 430 (11. 16.80£0.39
Microalbuminuria 188 (. ) 16.67+0.50
Macroalbuminuria 6 (0.5) 14.1141.26
All albuminuria 0.776
Normal 3,146 (94.7) 16.58+0.20
All albuminuria 204 (5.3) 16.44+0.47

25(0OH)D, 25-hydroxyvitamin D; w%, weighted percent; SE, standard error; eGFR, estimated glomerular filtration rate.
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Figure 1. Distribution of serum 25-hydroxy vitamin D levels.
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the age.
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Figure 3. Vitamin D status distribution according to the age.
Table 2. Vitamin D and age, sex, albuminuria
. Vitamin D status Vitamin D quartile group
Variable — — — P-value - —— - P-value
Deficiency  Insufficiency  Sufficiency Low Mid-low Mid-high High
Age group (y) <0.001 <0.001
20-29 530 (85.1) 76 (12.8) 9(2.1) 211 (33.6) 165 (26.4) 150 (24.5) 89 (15.4)
30-39 529 (81.2) 109 (17.2) 1(1.6) 166 (25.9) 194 (29.3) 167 (25.7) 122 (19.1)
40-49 508 (78.7) 122 (17.8) 23 (3.6) 146 (23.3) 187 (28.7) 168 (25.4) 152 (22.6)
50-59 467 (64.3) 204 (28.7) 51(7.0) 128 (18.1) 151 (19.5) 183 (26.2) 260 (36.2)
>60 429 (61.2) 226 (31.6) 56 (7.3) 140 (19.8) 120(17.2) 166 (23.7) 285 (39.3)
Sex <0.001 <0.001
Men 1,168 (73.0) 439 (22.8) 75 (4.2) 333(22.1) 371(23.3) 452 (26.9) 526 (27.7)
Women 1,295 (79.7) 298 (16.7) 75 (3.6) 458 (29.3) 446 (27.2) 382 (22.8) 382 (20.7)
Albuminuria 0.519 0.266
Low-normal 2,016 (76.4) 580 (19.6) 120 (4.0) 646 (25.5) 654 (24.4) 698 (25.9) 718 (24.2)
High-normal 300 (72.3) 108 (24.0) 22 (3.7) 97 (23.5) 09 (25.9) 92 (22.4) 132 (28.2)
Microalbuminuria 135(72.9) 45 (23.0) 8(4.1) 43 (20.7) 50 (31.4) 41 (20.4) 54 (27.5)
Macroalbuminuria 12 (80.9) 4(19.1) 0(0.0) 5(39.6) 4(22.9) 3(18.4) 4(19.1)
All albuminuria 0.722 0.221
Normal 2,316 (75.9) 688 (20.1) 142 (4.0) 743 (25.3) 763 (24.6) 790 (25.5) 850 (24.7)
All albuminuria 147 (73.6) 49 (22.6) 8(3.7) 48 (22.4) 54 (30.7) 44 (20.2) 58 (26.7)
Microalbuminuria 0.677 0.144
Normal 2,316 (75.9) 688 (20.1) 142 (4.0) 743 (25.3) 763 (24.6) 790 (25.5) 850 (24.7)
Microalbuminuria 135(72.9) 45 (23.0) 8(4.1) 43 (20.7) 50 (31.4) 41 (20.4) 54 (27.5)
High-normal 0.177 0.271
Low-normal 2,016 (76.4) 580 (19.6) 120 (4.0) 646 (25.5) 654 (24.4) 698 (25.9) 718 (24.2)
High-normal 300 (72.3) 108 (24.0) 22 (3.7) 97 (23.5) 109 (25.9) 92 (22.4) 132 (28.2)

Values are presented as number (weighted percent).
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Table 3. Albuminuria and adjusted factors

Total
Outcome Predictor Unadjusted Model 1 Model 2
P-value OR (95% Cl) P-value OR (95% Cl) P-value OR (95% Cl)
All albuminuria Vitamin D status 0.739 0.468 0.507
Deficiency 0.928 1.04(0.47-2.27) 0.255 1.57(0.72-3.39) 0.272 1.55(0.71-3.41)
Insufficiency 0.665 1.20(0.52-2.77) 0.445 1.38(0.60-3.19) 0.440 1.40 (0.60-3.28)
Sufficiency 1 1 1
Vitamin D quartile group 0.264 0.043 0.065
Low 0.376 0.82 (0.53-1.28) 0.521 1.17 (0.73-1.87) 0.625 1.12 (0.70-1.79)
Mid-low 0.522 1.15(0.75-1.78) 0.029 1.66 (1.05-2.63)" 0.039 1.64(1.03-2.62)"
Mid-high 0.212 0.73 (0.45-1.19) 0.584 0.87 (0.53-1.43) 0.624 0.88 (0.54-1.45)
High 1 1 1
Vitamin D status 0.546 0.094 0.138
Severe deficiency 0.932 0.96 (0.35-2.63) 0.479 1.45(0.52-4.02) 0.527 1.40 (0.49-3.96)
Moderate deficiency 0.673 1.19(0.54-2.62) 0.093 1.97 (0.89-4.35) 0.109 1.93 (0.86-4.33)
Mild deficiency 0.692 0.84 (0.36-1.96) 0.733 1.15(0.51-2.64) 0.714 1.17 (0.51-2.70)
Insufficiency 0.665 1.20(0.52-2.77) 0.444 1.39 (0.60-3.21) 0.438 1.40 (0.60-3.30)
Sufficiency 1 1 1
Microalbuminuria Vitamin D status 0.700 0.625 0.646
Deficiency 0.868 0.94 (0.43-2.05) 0.365 1.43 (0.66-3.08) 0.375 1.42 (0.65-3.09)
Insufficiency 0.805 1.11 (0.48-2.58) 0.548 1.29 (0.56-2.99) 0.541 1.30 (0.56-3.05)
Sufficiency 1 1 1
Vitamin D quartile group 0.181 0.056 0.068
Low 0.199 0.74 (0.46-1.17) 0.871 1.04 (0.64-1.71) 0.944 1.02 (0.62-1.66)
Mid-low 0.544 1.15(0.73-1.81) 0.038 1.65 (1.03-2.66)* 0.045 1.64 (1.01-2.66)"
Mid-high 0.193 0.72 (0.44-1.18) 0.581 0.87 (0.52-1.44) 0.607 0.88 (0.53-1.45)
High 1 1 1
Vitamin D status 0.637 0.225 0.263
Severe deficiency 0.715 0.82 (0.29-2.34) 0.692 1.24 (0.43-3.56) 0.731 1.20(0.42-3.48)
Moderate deficiency 0.889 1.06 (0.48-2.35) 0.161 1.76 (0.80-3.88) 0.173 1.74 (0.78-3.87)
Mild deficiency 0.573 0.78 (0.34-1.83) 0.828 1.10 (0.48-2.49) 0.813 1.10 (0.48-2.52)
Insufficiency 0.805 1.11 (0.48-2.58) 0.547 1.29 (0.56-3.00) 0.540 1.30 (0.56-3.05)
Sufficiency 1 1 1
High-normal Vitamin D status 0.192 0.583 0.630
Deficiency 0.917 1.03 (0.56-1.89) 0.426 1.27(0.71-2.28) 0.494 1.24(0.67-2.27)
Insufficiency 0.376 1.34(0.70-2.54) 0.309 1.38(0.74-2.58) 0.358 1.35(0.71-2.57)
Sufficiency 1 1 1
Vitamin D quartile group 0.269 0.487 0.562
Low 0.171 0.79(0.57-1.11) 0.943 0.99 (0.69-1.42) 0.931 0.98 (0.68-1.42)
Mid-low 0.557 0.91 (0.66-1.25) 0.589 1.10(0.78-1.54) 0.630 1.09 (0.77-1.54)
Mid-high 0.068 0.74 (0.54-1.02) 0.303 0.84(0.61-1.17) 0.335 0.85(0.61-1.18)
High 1 1 1
Vitamin D status 0.285 0.678 0.728
Severe deficiency 0.406 1.38(0.64-2.96) 0.187 1.69 (0.77-3.69) 0.232 1.63(0.73-3.61)
Moderate deficiency 0.879 0.95(0.51-1.78) 0.541 1.21(0.65-2.24) 0.616 1.18(0.62-2.23)
Mild deficiency 0.791 1.09 (0.59-2.01) 0422 1.28(0.70-2.32) 0478 1.25(0.67-2.32)
Insufficiency 0.376 1.34(0.70-2.54) 0.310 1.38(0.74-2.58) 0.358 1.35(0.71-2.56)
Sufficiency 1 1 1

Model 1 was adjusted for age, sex, body mass index, smoking status, and estimated glomerular filtration rate (eGFR). Model 2 was additionally adjusted for high blood
pressure and diabetic mellitus. Microalbuminuria analyses exclude participants with macroalbuminuria.

OR, odds ratio; Cl, confidence interval.

“P<0.05.
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Table 4. Albuminuria eGFR >60 (mL/min) and adjusted factors

eGFR >60 (mL/min)

Outcome Predictor Unadjusted Model 1 Model 2
P-value OR (95% Cl) P-value OR (95% Cl) P-value OR (95% Cl)
All albuminuria Vitamin D status 0.628 0.377 0.449
Deficiency 0.513 1.35(0.55-3.34) 0.183 1.85(0.75-4.55) 0.223 1.78 (0.70-4.48)
Insufficiency 0.373 1.54 (0.59-4.02) 0.312 1.63 (0.63-4.24) 0.341 1.61(0.60-4.28)
Sufficiency 1 1 1
Vitamin D quartile group 0.153 0.042 0.054
Low 0.528 0.86 (0.54-1.37) 0.503 1.18 (0.72-1.93) 0.599 1.14 (0.70-1.85)
Mid-low 0.333 1.25(0.79-1.98) 0.032 1.68 (1.05-2.71) 0.041 1.66 (1.02-2.69)"
Mid-high 0.198 0.72 (0.43-1.19) 0.595 0.87 (0.52-1.45) 0.579 0.86 (0.52-1.45)
High 1 1 1
Vitamin D status 0.358 0.105 0.134
Severe deficiency 0.599 1.35(0.44-4.10) 0.282 1.83(0.61-5.53) 0.352 1.71 (0.55-5.28)
Moderate deficiency 0.332 1.57 (0.63-3.92) 0.081 2.27 (0.90-5.71) 0.104 2.18(0.85-5.61)
Mild deficiency 0.925 1.05 (0.40-2.73) 0.531 1.35(0.53-3.47) 0.584 1.31(0.50-3.43)
Insufficiency 0.373 1.54 (0.59-4.02) 0.315 1.63(0.63-4.23) 0.343 1.60 (0.60-4.26)
Sufficiency 1 1 1
Microalbuminuria Vitamin D status 0.656 0.489 0.542
Deficiency 0.649 1.23 (0.50-3.06) 0.243 1.71 (0.69-4.25) 0.277 1.67 (0.66-4.19)
Insufficiency 0.449 1.45 (0.55-3.81) 0.361 1.57 (0.60-4.10) 0.381 1.55 (0.58-4.12)
Sufficiency 1 1 1
Vitamin D quartile group 0.122 0.058 0.066
Low 0.262 0.76 (0.46-1.23) 0.898 1.03 (0.62-1.73) 0.971 1.01 (0.61-1.68)
Mid-low 0.356 1.25(0.78-2.01) 0.040 1.68(1.02-2.75) 0.049 1.65 (1.00-2.73)"
Mid-high 0.216 0.72 (0.43-1.21) 0.633 0.88 (0.52-1.49) 0.610 0.87 (0.52-1.48)
High 1 1 1
Vitamin D status 0.552 0.261 0.286
Severe deficiency 0.799 1.16 (0.37-3.64) 0.426 1.59 (0.51-5.01) 0.487 1.51 (0.47-4.80)
Moderate deficiency 0.465 1.41 (0.56-3.52) 0.127 2.06 (0.81-5.22) 0.148 2.01(0.78-5.15)
Mild deficiency 0.993 1.00 (0.38-2.63) 0.558 1.33(0.52-3.41) 0.602 1.29 (0.49-3.36)
Insufficiency 0.449 1.45 (0.55-3.81) 0.364 1.56 (0.60-4.08) 0.383 1.54(0.58-4.11)
Sufficiency 1 1 1
High-normal Vitamin D status 0.163 0.542 0.565
Deficiency 0.888 1.05 (0.56-1.94) 0.424 1.28(0.70-2.33) 0.479 1.25(0.67-2.33)
Insufficiency 0.344 1.37 (0.71-2.63) 0.287 1.41(0.75-2.66) 0.319 1.39(0.73-2.67)
Sufficiency 1 1 1
Vitamin D quartile group 0.262 0.509 0.574
Low 0.164 0.79 (0.56-1.10) 0912 0.98 (0.68-1.41) 0.887 0.97 (0.67-1.41)
Mid-low 0.502 0.90 (0.65-1.23) 0.664 1.08 (0.77-1.51) 0.712 1.07 (0.75-1.51)
Mid-high 0.062 0.74 (0.53-1.02) 0.283 0.84 (0.60-1.16) 0.304 0.84 (0.60-1.17)
High 1 1 1
Vitamin D status 0.263 0.664 0.700
Severe deficiency 0.408 1.39(0.64-3.01) 0.195 1.69 (0.76-3.74) 0.233 1.64 (0.73-3.69)
Moderate deficiency 0.915 0.97 (0.51-1.83) 0.536 1.22 (0.65-2.29) 0.597 1.19(0.62-2.29)
Mild deficiency 0.766 1.10 (0.59-2.06) 0414 1.29(0.70-2.37) 0.460 1.27 (0.68-2.38)
Insufficiency 0.344 1.37(0.71-2.63) 0.288 1.41(0.75-2.66) 0.319 1.39(0.73-2.67)
Sufficiency 1 1 1

Model 1 was adjusted for age, sex, body mass index, smoking status, and estimated glomerular filtration rate (eGFR). Model 2 was additionally adjusted for high blood
pressure and diabetic mellitus. Microalbuminuria analyses exclude participants with macroalbuminuria.

OR, odds ratio; Cl, confidence interval.

“P<0.05.
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