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ABSTRACT

In this study, the serum level of 25-hydroxyvitamin D(25-(OH)D) was measured by high
pressure liquid chromatography(HPLC), and factors affecting it were investigated in 72 young
adults age ranging from 21 years to 39 years with normal bone density.

The mean level of serum 25-(OH)D was 20.0+6.8ng/ml in males and 26.1+12.3ng/ml in
females, which was significantly higher in females(p < 0.01). The serum level of parathyroid
hormone(PTH) showed a negative correlation with that of 25-(OH)D(p < 0.05). Time spent
outdoors in a day correlated positively with the serum level of 25-(OH)D(p < 0.01). During
the day, a specific time between 12 : 00 a.m. and 2 : 00 p.m. showed the most significant
correlation with the level of 25-(OH)D(p < 0.005). Among the nutrients studied, fat and vita-
min D intake were positively correlated with the serum 25-(OH)D level.

Stepwise multiple regression analysis showed that the serum level of 25-(OH)D could be fit
by vitamin D intake(34.7% explained), serum PTH level(27.3% explained), and the time spent
outdoors during the specific time(28.4% explained). (Korean J Nutrition 29(7) : 747~757, 1996)

KEY WORDS : vitamin D status - serum 25-hvdroxyvitamin D - parathyroid hormone - time
spent outdoors - vitamin D intake.
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Table 1. Serum levels of 25-hydroxyvitamin D and the related biochemical variables and correlation between

25-hydrox-yvitamin D level and the variables

Variables(Unit) Total(n=72)" Male(n=26) Female(n=46)
Mean+SD” A Mean=+SD Mean+SD ]
(Range)” (Range) (Range)
25-Hydroxyvitamin D" 239 £11.0 B 200 + 6.8 26.1 +12.3
(ng/ml) (8.2 ~65.4) (8.2 ~32.4) (10.4 ~65.4)
PTH 21.43+ 8.44 19.44+ 6.74 2256+ 9.13
-0.235* -0.198 ~0.324*
(pg/ml) (10.61~57.96) (10.61~37.75) (12.59~57.96)
Alkaline Phosphatase 8.10% 2.42 8.61+ 2.29 7.80+ 2.47
-0.200 -0.041 ~0.208
KA (2.74~11.91) (3.70~11.91) (2.74~11.85) 0
Creatinine 0.96+ 0.28 0.89+ 0.16 099+ 0.32
~-0.211 0.177 -0.343*
(mg/dl) (047~ 1.65) {0.63~ 1.23) 0.47~ 1.65)
Albumin 469+ 0.73 471+ 076 469+ 0.72
052 316 -0.022
(g/d)) 4 (3.09~ 6.08) 0.0 (3.41~ 5.99) 03 (3.09~ 6.08) 0.0
ca' 10.05+ 0.93 935+ 0.76 1045+ 0.78
0.181 0.123 -0.023
(mg/dl) (7.10~12.96) (7.10~10.24) (9.22~12.96)
mg' 204+ 0.22 1.97+ 0.21 2.08+ 0.21
-0.063 0.101 -0.222
mg/dl (1.50~ 2.67) (1.60~ 2.41) (1.50~ 2.67)
pt 3.98+ 0.89 3.69+ 0.97 4.14+ 0.80
0.063 0.074 -0.037
(mg/dl) (2.26~ 6.16) (2.26~ 5.80) (247~ 6.16)

1) Number of subjects.

2) Mean =+ Standard deviation.

3) (Minimum~Maximum).

4) r : Pearson correlation coefficient.

5) Variables with {" are significantly higher in female than male(tp < 0.05, Ip < 0.01, ¥p < 0.0001).

6) King-Armstrong units. *p < 0.05.
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Fig. 1. Distribution of circulating level of 25-hydroxyvita-
min D for males and females.(Each figure on Y axis
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between 20 and 25g/ml.)
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Table 2. Comparison of serum or plasma 25-hydroxyvitamin D levels in reported studies

Country Mean” Season Group studied No. of subjects Method
France(32)" 28.1 Feb~May Healthy adults aged 20~40 37 CcpBA?
U.S.A.(44) 322 Summer Normal 19 HPLC?
U.S.A.(45) 254 Sept Normal aged 20~50 10~20 HPLC
U.S.A.(46) 18.9 - Healthy adults aged 20~46 36 CPBA
US.A.(47) 36.1 Feb Normal - HPLC
Japan(48) 23.0 A year Healthy subject aged 6~73 758 HPLC
Japan(48) 16.6 Winter Healthy subject aged 6~73 178 HPLC
Japan(48) 19.7 Spring Healthy subject aged 6~73 191 HPLC
Japan(48) 27.9 Summer Healthy subject aged 6~73 211 HPLC
Japan(48) 27.2 Autumn Healthy subject aged 6~73 178 HPLC
1) Reference number cited. 2) Unit : ng/ml.

3) CPBA : competitive protein binding assay. 4) HPLC : high pressure liquid chromatography.
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Table 3. Mean, standard deviation, and correlation of time spent outdoors with serum 25-hydroxyvitamin D levels

. Total(n=72)" Male(n=26) Female(n=46)
it -
;:‘tzosopr‘;r, Mean+SD” 5 Mean+SD } Mean+SD )
(Range)” (Range) (Range)
Total 68.7+33.4 0.328% 58.8+31.7 O5ageee  744£334 0215
08 : 00~18 : 00 (0~160.0) ) (0~100.0) ’ (30.0~160.0) )
Between
08 : 00~10: 00 11549 8 0218 13.8+ 8.5 - 10.2+10.3 0.338*
0~ 30.0) (0~ 30.0) 0~ 30.0)
10: 00~12: 00 6.1+£11.9 0.003 5.4+ 8.1 0.410% 6.4+13.7 —0.087
(0~ 60.0) (0~ 20.0) (0~ 60.0)
12 : 00~14 : 00 13.94+12.2 0,377+ 11.2+ 9.9 0.437% 15.6+13.2 0.329%
(0~ 60.0) 0~ 30.0) 0~ 60.0)
14 :00~16 1 00 1154173 0135 10.0+11.0 0.480* 12.4+20.0 0267
0~ 60.0) 0~ 30.0) (0~ 60.0)
16 : 00~18 : 00 25.9+216 0.298* 18.5+£10.1 0.359 30.2425.1 0.229
©~120.0) {0~100.0) 0~120.0)

1) Unit : minutes.
2) N : Number of subjects. 5)r
3) Standard deviation. *p < 0.05

4) (Minimum~ Maximum).
: Pearson correlation coefficient.
**p < 0.01

*exp < 0.005.
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0 = = = 2o | W ZH7h 3.55+1.8%ug7 4.06+2, 37pgo1 om, 2L

Time spent outdoors total(min) H RE goi AHd gojA wzklE F9F A
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Fig. 3. Relationship between time spent outdoors(sum total o]7} vehdA] ekgtt}. Vitamin DS A3 OO]:)B]-E Al
of the day) and serum 25-hydroxyvitamin D levels. By Ao G zz A4S0 71%9% 81%%1

lllustrated is the regression line. A By o2 AT Y= Aol 56‘:”' a1,
wi)o uekked, A3l T%olRE A
e STAGLAZ)AR, 50% olshE 4AH 3
= AR 179 (23.6%) 014} BRI,

Q7 oSl dun A 89 25-(OH)D
Fael Jege BT 29 $HE 99 T 9
25-(OH)D9} 4#A4do] ¥ ALE Jehd d%be
243 vitamin DE, ©1% ¥%49 A7 BETE
25-(OH)D 2% & o2 vehdrh(p <0.05).
£ A2 AFH8HE vitamin D7F 8% 25-(0H)DY

29 g2 @R UVBZE 7P Bol A= Ak
25 Ao 124909 1 tEoZE 144, 104,
16412] ol ol & dTelx ¥4 25«(OH)D
FER 7P FH4Q ZRAAE B AR A8}
e}

Vitamin D9 #44& e Al wet 739
XA B HBAE Hol: Ao ot FA o FErt
FE3ol 93] 2AHnRY B A Yehd f9
Hql AupAs 0RolA 160% Alole] AolH 1%

Table 4. Nutrient intake, % RDA" and correlation of intake with serum 25-(OH)D of the subjects

Nutrient(Unit) Sex (No.) Intake % RDA r?
T(n=67) 2173.3 +463.3”(1120.0 ~2946.4" 100.5+£23.7" ( 44.8~147.1)* 0.109

Energy M(n=25) 2186.8 +485.8 (1120.0 ~2927.3)  87.5+19.4  ( 44.8~117.1) 0.116
(kcal/d) F(n=42) 2165.2 +455.3 (1457.1 ~2946.4) 108.3+22.8 ( 72.9~147.3) 0.129
T(n=67) 3855 + 87.8 (232.2 ~ 522.3) - 0.063

Carbohydrate M(n=24) 389.9 + 835 (2349 ~ 513.0) - 0.163
®/d) F(n=43) 383.1 + 91.0 (2322 ~ 522.3) - 0.057
, T(n=67) 722 + 148 ( 463 ~ 1025) 11134249 ( 61.7~132.3) 0.072
Protein M(n=25) 73.0 + 169 ( 463 ~ 99.2) 9734226 ( 61.7~132.3) 0.148
&/d) F(n=42) 71.8 + 135 ( 478 ~ 102.5) 11974226 ( 80.0~170.9) 0.072
T(n=66) 399 £ 84 ( 240 ~ 54.3) - - 0.244*

Fat L Mmn=24) 406 + 82 ( 255 ~ 543) - 0.220
®/d) F(n=42) 305 + 86 ( 240 ~ 54.1) - 0.295
. T(n=65) 6043 +142.2 ( 3385 ~ 905.0) 86.3+203 ( 48.4~129.3) 0.088
f;;‘;)m M(n=24) 610.6 +167.1 ( 399.7 ~ 885.0)  87.2+23.9 (57.1~126.4) 0.049
F(n=41) 600.6 £127.5 ( 3385 ~ 905.0)  85.8+18.2  ( 48.4~129.3) 0.135

T(n=66) 1047.9 +208.4 ( 664.0 ~1462.7) 149.7+29.8 ( 94.9~209.0) 0.087

Phosphorus M(n=24)  1050.1 +238.4 (713.0 ~14286) 15004341 (101.9~2041)  0.116
(mg/d) F(n=42) 1046.7 +192.3 ( 664.0 ~1462.7) 149.54275  ( 94.9~209.0) 0.093
- T(n=72) 3.88+ 219( 000~ 897) 77.6+434 ( 0.0~1794) 0.237*
Vitamin D M(n=26) 3554 182( 077~ 777 7104364 (155~1554) —0.079
(ne/d) Fn=46) 406+ 237( 000~ 897 81.3%+474 ( 0.0~179.4) 0.288

1) % RDA : Intake x 100.

RDA for the nutrient

RDA : Recommended Dietary Allowances for Korean. 6th ed.
2) r = Pearson correlation coefficient. 3) Mean = Standard deviation. 4) Range (Minimum~Maximum). *p < 0.05
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X : Vitamin D intake,

Y : Serum 25-(OH)D{(ng/ml),

R?=0.0562, p <0.05
o|9lem o] ZHE vitamin D] HHF& APz Ly
oy ¥4 25-(0OH)DY 2A820(determinant)o] 2
T 2982 ¢+ IRtk Vitamin D A% FH 25-
(OH)D®| #AE 3AAFH &7 vehd 182 Fig.
49} Zt},

2E o) M2 FF vitamin D2 TFL A9 A9

Zo] ¢lg o F2% & A HY $9 €59
RS ARE daiAE A E 38 FFY T4
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2o] Fo] oETE & F Yo 53] HAE T
vitamin D9 A#He F2 AuolA B&ste] w=Fo]
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min D 2 F9 FHA= 84 25 (OH)D +&7 ¢
AT o2l o) A AAE BT

3. Vitamin D &eljof| Q&2 F= HelES =4
A
=2o
82 25-(OH)D el dado] e AL e
W HAE2RE ¥4 25-hydroxyvitamin D &
dZ3sl7) 98 s FAHNE FANGET, 2 e o
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X; : Time spent outdoors(12 £ 00~14 : 00)
X5 : Vitamin D Intake(pg/d)
X, : PTH(pg/ml)
Y : 25-hydroxyvitamin D(ng/ml)
R*=0.3195, p <0.0005

o 3 HEA Aol o3, 84 25-(OH)DY] ¢
& FE 2 AYgM =& A7F 124904 24] Alole] 29
A w=F A7}, vitamin D A3 %, 8% PTH 5ol
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Az ol 93 o] 34 4A%Z M & A2F YEN
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D o AN, vitamin D 9% Aol Fe
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Table 5. Regression coefficients for serum 25-hydroxyvitamin D levels of the subjects

Selected variables Parameter estimate Standard error T-value P-value Standardized estimate
Constant 17.0416 41370 4119 0.0001 0.0000
Time spent outdoors sum total 0.5960 0.3945 1.511 0.1357 0.1794
Time spent outdoors 25730 1.0881 2365 0.0210 0.2838
between 12:00~14:00
Vitamin D intake 1.8051 0.5471 3.299 0.0016 0.3444
PTH" -0.3566 0.1370 -2604  0.0114 -0.2728
1) PTH : Parathyroid hormone. (R*=0.3195)
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Table 6. Regression coefficients for serum 25-hydroxyvitamin D levels of the subjects by sex

Selected variables Parameter estimate Standard error T-value  P-value  Standardized estimate

Male

Constant 13.0210 2.4596 5.294  0.0001 0.0000

Time spent outdoors sum total 1.1801 0.3697 3.192  0.0039 0.5459

(R’=0.2981)

Female

Constant 30.5555 4.7778 6.395  0.0001 0.0000

Vitamin D intake 1.9720 0.7092 2.781  0.0080 0.3789

PTH" -0.5518 0.1840 -2.998 0.0045 -0.4085
1) PTH : Parathyroid hormone. (R*=0.2414)

Aol Ztzt 20.0+6.8ng/ml(8.2~32.4ng/ml), 26.
1+12.3ng/ml (10.4~65.4ng/mD) &, dJAdo] F3 o
2 =/ vebdtrt

2) AgletA Wl ¥ PTH= €3 25-(CH)D =
I} & S 290om(p <0.05), 949 H$ o
& 89t (r=-0.324, p <0.05).

3) A7 dAES 7Y F 29 5 A1) B
FE @4 25-(OH)DY £ #9370z Z7lsk9t
(p <0.01). 53], 22 12A1%E 23 24 Ate](p <
0.005)9F 2% 44 FE 64 Ale)(p <0.05) 7} 8%
25-(OH)D %3 fol49l 4B4e nged, o &
oA 124] K 24] Abo]9) Az} B v Auw
AE HAr=0.377), 59 &5 A2t £ ol =R A
ZA o] vitamin D EA4l9] 483 29¢ Reg
357 ¢=3

4) Y942 44 dd B4 A3 23} vitamin D
A# dE7E 83 25-(OH)DY 453 AaAol g
Ao 2 Vet (p <0.05).

5) t% 39 B4 43 g4 25-(0H)D9 Aee
S F 2k9lA =2 AJ7Y, 1241904 24] Aole] Ape)A
e AIRE vitamin D 43%, €3 PTH % So| &
H oz FHANE 7B a itk ¢]€ F vitamin D
AR o 71F 2 Fio] AdsElE AR et
01 (34.4%), 1249014 24] Alele] ZA A wF A7
A= 28.4%, @4 PTH 59 galiXE 27.3%7}
Ay Aoz Jelstd Add) welde B A4
£ F F A =& AHr=0.5460, p <0.005)%t
o] 4 25-(OH)D del& H4e & & A(54.6%)
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A,

4 25-(OH)D &3 vi-
F= 99 9 o5 #H

o g
o] ANE o}, AMH gold] We FHal Aol

AL A ZAME 98] AEY vitamin DY 3 FA

o] AlF 3] o]Fo|Aeol & oz AwAr)
Literature cited

1) Fraser DR. The Physiological economy of vitamin D. Lan-
cet 11 969-72, 1983

2) Haussler MR & TA MaCain. Basic and clinical concepts
related to vitamin D metabolism and action. NEJM 297 :
974-83, 1041-50, 1977

3) Hadded ]G. Circulating 25-hydroxyvitamin D in man.
Am J Med 57(July) : 57-62, 1974

4) DeLuca HF. Vitamin D : 1993. Nutrition Today Nov/Dec

1 6-11, 1993

5) Holick MF. McCollum Award Lecture, 1994 : Vitamin D-
new horizens for the 21st century. Am J Clin Nutr 60 :
619-630, 1994 ,

6) Webb AR, L Kline & MF Holick. Influence of season and
latitude on' the cutaneous synthesis of vitamin D3 : Ex-
posure to winter sunlight in Boston and Edmonton will
not promote vitamin D3 synthesis in human skin. J Clin
Endocrinol & Metab 67 : 373-378, 1988

7) Stamp TCB & JM Round. Seasonal changes in human
plasma levels of 25-hydroxyvitamin D. Nature 247 : 563-
565, 1974

8) Webb A, C Pilbeam, N Hanafin & MF Holick. An evalu-
ation of the relative contributions of exposure to sunlight
and of diet to the circulating concentrations of 25-hy-
droxyvitamin D in an elderly nursing home population
in Boston. Am J Clin Nutr 51 : 1075-1081, 1990

9) Devgun MS, CR Paterson, BE Johnson & C Cohen. Vi-
tamin D nutrition in relation to season and occupation.
Am J Clin Nutr 34 : 1501-1504, 1981

10) Poskitt EME, TJ] Cole & DEM Lawson. Diet, sunlight,
and 25-hydroxyvitamin D in healthy children and adults.
BMJ 1 : 221-223, 1979
11) Siryd RP, TJ Cilbertson & MN Brunden. A seasonal vari-

ation study of 25-hydroxyvitamin D; serum levels in nor-



756 / A4k 442l e] Vitamin D &3} A FS F& el

mal humans. J Clin Endocrinol Metab 48(5) : 771-775, 1979

12) Burnand B, D Sloutskis, F Gianoli, ] Cornuz, M Rick-
enbach, F Paccaud & P Burckhardt. Serum 25-hy-
droxyvitamin D : Distribution and determinants in the
Swiss population. Am J Clin Nutr 56 : 537-542, 1992

13) Rudnicki M, J Thode, T Jorgensen, BL Heitmann & OH
Sorensen. Effects of age, sex, season and diet on serum
ionized calcium, parathyroid hormone and vitamin D in
a random population. J Int Med 234 : 195-200, 1993

14) %) - bE. FFolA) el Fale] UVAS) UVB o]
Wt W3 AT 3T A opE] 2] 25 1 1624, 1987

15) Matsuoka LY, ] Wortsman & BW Hollis. Use of topical
sunscreen for the evaluation of regional synthesis of vi-
tamin Ds. J Am Acad Derma 22 : 772-775, 1990

16) Matsuoka LY, L Ide, ] Wortsman, JA MacLaughlin & MF
Holick. Sunscreen suppress cutaneous vitamin D syn-
thesis. J Clin Endo & Metab 64 : 1165-1168, 1987

17) Matsuoka LY, | Wortsman, M] Dannenberg, BW Hollis,
Z Lu & MF Holick. Clothing prevents ultraviolet-B ra-
diation-dependent photosynthesis of vitamin Ds. J Clin
Endo Metab 75 : 1099-1103, 1992

18) MacLaughlin | & MF Holick. Aging decreases the capa-
city of human skin to produce vitamin Ds. J Clin Invest
76 : 1536-1538, 1985

19) Loomis WE. Skin-pigment regulation of vitamin-D
biosynthesis in man. Science 157 : 501-506, 1967

20) Delvin EE, A Inbach & M Copti. Vitamin D nutritional
status and related biochemical indices in an autonomous
elderly population. Am J Clin Nutr 48 : 373-8, 1988

21) Villareal DT, R Civitelli, A Chines & LV Avioli. Subc-
linical vitamin D deficiency in postmenopausal women
with low vertebral bone mass. J Clin Endo Metab 72 : 628-
634, 1991

22) McKenna M], R Freaney, A Meade & FP Muldowney.
Hypo- vitaminosis D and elevated serum alkaline phos-
phatase in elderly Irish people. Am J Clin Nutr 41 : 101-
109, 1985

23) Sedrani SH, AW Elidrissy & KM Arabi. Sunlight and vi-
tamin D status in normal Saudi subjects. Am J Clin Nutr
38 : 129-132, 1983

24) Freaney R, Y NcBrinn & MJ] McKenna. Secondary hy-
perpara- thyroidism in elderly people : combined effects
of renal insufficiency and vitamin D deficiency. Am J
Clin Nutr 58 : 187-191, 1993

25) Sherman SS, BW Hollis & JD Tobin. Vitamin D status
and related parameters in a healthy population : The ef-
fects of age, sex, and season. J Clin Endoc Metab 71 : 405-
413, 1990

26) Chesney RW, ] Zimmerman, A Hamstra, HF DelLuca &

RB Mazess. Vitamin D metabolite concentrations in vi-

tamin D deficiency. J Dis Child 135 : 1025-1028, 1981
Hardwick LL, MR Jones, N Brautbar & DBN Lee. Mag-

nesium absorption : Mechanisms and the influence of vi-

27

~

tamin D, calcium, and phosphorus. J Nugr 121 : 13-23,
1991 ’

Blunt JW, HF Deluca & HK Schnose. 25-hy-
droxycholecalciferol : a biologically active metabolite of
vitamin Ds. Biochemistry 7 : 3317, 1968

Aksnes LA. A simplified HPLC method for de-
termination of vitamin D, 25-hydroxyvitamin D, and 25-

28

=

29

=

hydroxyvitamin D; in human serum. Scand J Clin Lab In-
vest 52 : 177-182, 1992

Chan ELP, E Lau, CC Shek, D MacDonald, ] Woo, PC
Leung & R Swaminathan. Age-related changes in bone

30

=

density, serum parathyroid hormone, calcium absorption

and other indices of bone metabolism in Chinese women.

Clin Endocrinol 36 : 375-381, 1992

Baker MR, M Peacock & BEC. Nordin. 1980. The decline

in vitamin D status with age. Age and ageing 9 : 249-252,

1980

Chapuy MC, F Durr & P Chapuy. Age-related changes

in parathyroid hormone and 25-hydroxycholecalciferol

levels. J Gerontol 38(1) : 19-22, 1983

33) E4A - AAE - ALY - AE - g B A4

Vitamin D e} 2 el A33b4 "o #3 A1 5

o 9519 2] AN E, 1996

A - olr)d - A ed. ol A kb S ALY F

1 Hqle] ofoF el A =5 17 : 203-218, 1980

35) Holland B, ID Unwin & DH Buss. The Composition of
foods. 4th ed. RSC/MAFF. Nottingham. UK., 1988

36) AAREENREERDERRE AIARAOERNER. &
— AR k. O, 1994

37) BADF, BMHET. f#F0fs: BBk VS, A
F1E4, 61 : 105, 1983

38) BrAl - & A oldnl A AN dF A4 &
A3t oA deel B A AA N AR =
% 3:47-61, 1989

39) SAS/STAT. Guide for personal computer, version 6.03.,
1987

40) Omdahl JL, P] Garry, LA Hunsaker, WC Hunt & ]S
Goodwin. Nutritional status in a healthy elderly po-
pulation : vitamin D. Am J Clin Nutr 36 : 1225-1233, 1982

41) Jongen MJM, FCV Ginkel, WJF Vijgh, S Kulper, JC
Netelenbos & P Lips. An international comparison of vi-
tamin D metabolite measurements. Clin Chem 30(3) : 399-
403, 1984

42) Rapin CH, R Lagier, G Boivin, A Jung & W MacGee.
Biomedical findings in blood of aged patients with

31

~

32

~

34

fand

femoral neck fractures : A contribution to the detection
of occult osteomalacia. Calcif Tissue Int 34 : 465-469



43) Lund B, OH Sorensen & AB Christensen. 25-hy-
droxychole- calciferol and fractures of the proximal
femur. Lancet 2 : 300-302, 1975

44) Eisman JA, RM Shepard & HF DeLuca. Determination of
25-hydroxyvitamin D, and 25-hydroxyvitamin D, in hu-
man plasma using high-pressure liquid chromatography.
Anal Biochem 80 : 298-305, 1977

45) Lambert PW, B] Syverson, CD Araud & TC Spelsberg.
Isolation and quantitation of endogenous vitamin D and
its physiologically important metabolites in human plas-
ma by high pressure liquid chromatography. J Steroid
Biochem 8(9) : 929-937, 1977

46) Caldas AE, RW Gray & J Lemann. The simultaneous
measurement of vitamin D metabolites in calf-plasma :
studies in healthy adults and in patients with calcium

O

W %R e 2907) 1 747~757, 1996/ 757

nephrolithiasis. J Lab Clin Med (May) : 840-847, 1978

47) Shepard RM, RL Horst, A] Hamstra & HF Deluca. De-
termination of vitamin D and its metabolites in plasma
from Normal and Anephric man. Biochem J 182 : 55-69,
1979

Kobayashi T, T Okano, S Shida, K Okada, T Suginohara,
H Nakao, E Kuroda, S Kodama & T Matsuo. Variation
of 25-hydroxy- vitamin D; and 25-hydroxyvitamin D, lev-

48

=

els in human plasma obtained from 758 Japanese healthy
subjects. J Nutr Sci Vitaminol 29 : 271-281, 1983

Webb AR, BR DeCosta & MF Holick. Sunlight regulates
the cutaneous production of vitamin D; by causing its
photodegradation. J Clin Endoc Metab 68 : 882-887, 1989
Fd=oddes). g5 G gL A6 MM Ag,
1995

49

=

50

=



