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25-Hydroxyvitamin D Status Based on Estimated Glomerular Filtration Rate
in Patients with Chronic Kidney Disease

Jung Hee Koh, IThm Soo Kwak, Sang Heon Song, Soo Bong Lee, Harin Rhee, Eun Young Seong, Chang Jun Park,
Tae Kyun Kim, and Sang Bo Oh

Department of Internal Medicine, Pusan National University School of Medicine, Busan, Korea

Background/Aims: Accumulating data suggest that vitamin D deficiency is prevalent in patients with chronic kidney disease
(CKD). However, comprehensive data are lacking for Koreans. The aim of this study was to survey vitamin D deficiency among
patients with CKD in Korea and to identify the relationships among various factors.

Methods: We conducted a retrospective cohort study of 444 patients who were divided into four subgroups by estimated
glomerular filtration rate (eGFR) for comparisons of mean 25-hydroxyvitamin D [25(OH)D] level and other parameters. In
addition, non-dialyzed patients were categorized into four groups based on 25(OH)D levels (<10, 10-19, 20-29, and > 30 ng/mL),
and risk factors for severe vitamin D deficiency (<10 ng/mL) were investigated.

Results: Of patients with an eGFR > 60 mL/min/1.73 m’, 43% (34/79) showed severe 25(OH)D deficiency, and the mean
25(OH)D level was 11.7 + 5.3 ng/mL. In CKD3 group, 53.2% (41/77) showed severe 25(OH)D deficiency, with a mean level of
11.3 £ 7.2 ng/mL. In CKD4 group, 53.3% (49/92) had severe 25(OH)D deficiency, with a mean level of 11.0 £ 6.2 ng/mL.
Approximately 71% (139/196) of patients in CKD5 group showed severe deficiency, and the mean level was 9.2 + 5.9 ng/mL.
Severe 25(OH)D deficiency was affected by winter season, renal function, diabetes, and low-density lipoprotein cholesterol. The
serum parathyroid hormone level was inversely correlated with the 25(OH)D level, such that 25(OH)D < 20 ng/mL were
associated with a steep increase in parathyroid hormone.

Conclusions: Vitamin D deficiency is highly prevalent in the Korean population. Few patients met a sufficient 25(OH)D
concentration, even in the early stages of CKD. Our data suggest that 25(OH)D level of 20 ng/mL is a threshold for a rapid
increase in parathyroid hormone levels. (Korean J Med 2012;83:740-751)
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Table 1. Patients characteristics according to CKD stages

k]
o
o

2] 82l

FugolA] vekyl Do) B4 -

CKD stages

Total p value”
eGFR >60 Stage 3 Stage 4 Stage 5
Numbers 444 79 77 92 196
?r/fszrii’i% iy 38363 102.0 +27.6 435+92 209+ 4.0 8.5+32
Male 246 (55.4%) 52 (65.8%) 39 (50.6%) 49 (53.3%) 106 (54.1%) 0.214
Age, yr 56.3+16.4 402+ 17.0° 60.4 + 14.9° 60.1 +15.2° 594+13.1°  <0.001
BMI, kg/m’ 23.6+3.6 23.8+3.7 24237 234+40 23.6+3.5 0.539
Comorbidity
DM 188 (42.2%) 7 (8.9%) 24 (31.2%) 46 (50%) 111 (56.6%)  <0.001
HT 292 (65.5%) 18 (22.8%) 49 (63.6%) 66 (71.7%) 159 (81.1%)  <0.001
CAD 36 (8.1%) 0 5 (6.5%) 8 (8.7%) 23 (11.7%) 0.013
CVA 44 (9.9%) 1(1.3%) 7(9.1%) 9 (9.8%) 27 (13.8%) 0.019
Chronic hepatitis 24 (5.4%) 2 (2.5%) 2 (2.6%) 7 (7.6%) 13 (6.6%) 0.103
25(OH)D"
Severe 263 (59.2%) 34 (43%) 41 (53.2%) 49 (53.3%) 139 (70.9%)  <0.001
Moderate 154 (34.5%) 39 (49.4%) 31 (40.3%) 36 (39.1%) 48 (245%)  <0.001
Insufficiency 18 (4.1%) 6 (7.6%) 2 (2.6%) 5 (5.4%) 5 (2.6%) 0.094
Sufficiency 9 (2.0%) 0 3 (3.9%) 2 (2.2%) 4 (2%) 0.436
Laboratory data
Hb, g/dL 10.7 +2.4 14.1 £1.9° 113+2.1¢ 9.9+1.4° 94+15" <0.001
TC, mg/dL 166.7 £ 59.1 193.1 + 66.6° 171.5+67.4% 160.8 + 59.8° 157.0 £482°  <0.001
LDL, mg/dL 103.5 +53.4 116.7 + 57.6° 111.9+71.8° 96.8+48.1° 98.1 +44.3° 0.025
HDL, mg/dL 435+172 54.6+17.6° 443 +16.4° 40.7+15.6° 39.9 +16.1 <0.001
ALP, IU/mL 107.2+35.2 93.5 £26.0° 100.6 +37.3%¢ 110.9 £ 36.9° 113.5+£349"  <0.001
cCa, mg/dL 8.8+0.8 8.9+0.4° 9.0 +£0.6° 8.9+0.7% 8.7 +1.0% 0.049
P, mg/dL 44+14 3.8+0.7° 37+1.1° 50+ 1.6° 50+ 1.6° <0.001
Alb, mg/dL 3.6+0.8 42+08° 3.7+0.8° 3.5+0.7% 34+0.7 <0.001
25(0OH)D, ng/mL 104+62 11.7£5.3° 11.3+£72% 11.0+ 6.2 92 +59¢ 0.003
iPTH, pg/mL 1323 +153.7 31.7+17.1° 68.8 +51.8° 95.4 +65.8° 203.5+1922°  <0.001

Urine PCR, mg/g 2862.66 +4485.37 1434.59 + 1821.82° 1481.34 +£2194.16° 2610.23 = 3373.74% 4127.71 +5834.52° <0.001

25(OH)D was classified under 4 heads, “severe” as 25(OH)D < 10 ng/mL, “moderate” as 10 < 25(OH)D < 20 ng/mL, “insufficiency” as
20 <25(0OH)D < 30 ng/mL, and “sufficiency” as 25(OH)D > 30 ng/mL.

bp values were calculated by X° test for categorical variables and one way ANOVA for continuous variables.

“*"The same letters indicate non-significant difference between groups based on Scheffe multiple comparison test. If the variables were
unequal variance, Games-Howell test was used for post-hoc test.
25(0OH)D, 25-hydroxyvitamin D; Alb, albumin; ALP, alkaline phosphatase; BMI, body mass index; CAD, coronary artery disease; cCa,
corrected calcium; CKD, chronic kidney disease; CVA, cerebrovascular accident; DM, diabetes Mellitus; eGFR, estimated glomerular
filtration rate, ml/min/1.73 m’; Hb, hemoglobin; HDL, high density lipoprotein cholesterol; HT, hypertension; iPTH, intact parathyroid
hormone; LDL, low density lipoprotein cholesterol; P, phosphorus; PCR, protein creatinine ratio; TC, total cholesterol.
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Figure 1. Ratios of 25-hydroxyvitamin D (25[OH]D) deficiency
and insufficiency status based on chronic kidney disease (CKD)
stage.
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Table 2. Characteristics of CKD stage 5 patients according to dialysis modalities

Pre-dialysis Peritoneal dialysis Hemodialysis p value®

N 134 16 46

Age, year 59.9+13.6 548+9.4 59.7+12.8 0.181
Sex, male 73 (54.5%) 10 (62.5%) 23 (50%) 0.679
Body Mass Index, kg/m2 239435 25.7+3.1 223+3.0 0.001
Diabetes 78 (58.2%) 8 (50%) 25 (54.3%) 0.771
Hypertension 106 (79.1%) 13 (81.3%) 40 (87.0%) 0.502
25(0OH)D, ng/mL 9.1+57 6.7+£3.1 10.1+6.9 0.096
Severe, <10 ng/mL 95 (70.9%) 14 (87.5%) 30 (65.2%) 0.240
Moderate, 10-20 ng/mL 33 (24.6%) 2 (12.5%) 13 (28.3%) 0.450
Insufficiency, 20-30 ng/mL 4 (3.0%) 0 1(2.2%) 0.687
Sufficiency, >30 ng/mL 2 (1.5%) 0 2 (4.3%) 0.285
Intact PTH, pg/mL 214.7+167.5 248.7+243.0 155.7+2314 0.003
Albumin, g/dL 3.4+0.6 3.0+0.6 3.5+0.7 0.042
Corrected calcium, mg/dL 8.5+09 92+1.0 93+1.2 <0.001
Phosphorus, mg/dL 53+15 43+1.2 46+19 0.017
Urine Protein-Creatinine ratio, mg/g 4468.28 + 6758.94 1658.82 +2461.25 4064.98 + 8800.30 <0.001

25(0OH)D, 25-hydroxyvitamin D; PTH, parathyroid hormone.

“X° test was used for comparing categorical variables and Kruskal Wallis test was used for comparing continous variables among the 3

groups as pre-dialysis, peritoneal dialysis and hemodialysis.
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Table 3. Distribution of pre-dialysed patients across the 25(OH)D range
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25(0OH)D Severe Deficiency (< 10 ng/mL)  Moderate deficiency to sufficiency (> 10 ng/mL) p value®
Numbers 211 160
25(0H)D, ng/mL 6.7 £2.0 15.8 6.0
Age, yr 56.7 £16.8 552+17.6 0.391
Male 106 (50.2%) 104 (65.0%) 0.006
BMI, kg/m’ 23.6 £3.7 242+34 0.144
Co-morbidity
DM 103 (48.8%) 47 (29.4%) <0.001
HT 135 (64%) 98 (61.3%) 0.590
CAD 25 (11.8%) 7 (4.4%) 0.014
CVA 21 (10%) 11 (6.9%) 0.353
Hepatitis 12 (5.7%) 9 (5.6%) 1.0
CKD stages
eGFR > 60 34 (16.1%) 45 (28.1%) 0.007
stage 3 41 (19.4%) 36 (22.5%) 0.519
stage 4 41 (19.4%) 40 (25.0%) 0.207
stage 5 95 (45%) 39 (24.4%) <0.001
eGFR, mL/min/1.73 m’ 33.5+£37.2 45.1+38.0 0.003
Lab values
Hb, g/dL 104 £24 11.4+2.6 <0.001
TC, mg/dL 175.8 £66.2 163.5+49.3 0.042
LDL-C, mg/dL 111.1 +£58.9 100.4 £47.1 0.073
HDL-C, mg/dL 433 +£16.5 458 +17.3 0.173
ALP, ITU/mL 109.7 +34.1 98.5+33.4 0.002
cCa, mg/dL 8.7+0.8 8.8+0.6 0.168
P, mg/dL 45+1.5 42+12 0.017
Albumin, g/dL 34+0.8 39+0.7 <0.001
iPTH, pg/mL 148.8 +£150.9 93.7 +100.1 <0.001
PCR, mg/g 3565.81 £4538.11 1875.22 +£2376.48 <0.001
End point
Death 12 (5.7%) 7 (4.4%) 0.640
Vascular event 23 (10.9%) 15 (9.4%) 0.730
CAD 9 (4.3%) 9 (5.6%) 0.628
CVA 10 (4.7%) 7 (4.4%) 1.0
PAD 5 (2.4%) 4 (2.5%) 1.0

25(0OH)D, 25-hydroxyvitamin D; ALP, alkaline phosphatase; BMI, body mass index; CAD, coronary artery disease; cCa, corrected cal-
cium; CKD, chronic kidney disease; CVA, cerebrovascular accident; DM, diabetes mellitus; eGFR, estimated glomerular filtration rate;
Hb, hemoglobin; HDL-C, high density lipoprotein cholesterol; HT, hypertension; iPTH, intact parathyroid hormone; LDL-C, low density
lipoprotein cholesterol; P, phosphorus; PCR, protein creatinine ratio; TC, total cholesterol.

°p values alluded by X test for categorical variables and -test for continuous variables.
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73m"2

CKD stage

Figure 2. Seasonal difference in mean 25(OH)D level based on
chronic kidney disease (CKD) stage.

6.5 mg/dL vs. 45.8 = 17.3 mg/dL, p = 0.173)7} {1132, #
T A o S 2EEo] AR HE] D A woflA
© AFKI111 + 589 mg/dL vs. 100.4 = 47.1 mg/dL, p =

073)S 2t

ozhalol L AulELO}A)|(109.7 £ 34.1 TU/mL vs. 98.5 + 334
IUML, p = 0.002)= 43+ H[ER D AF woflA o =8t
U AR Az #e] ojuidltk @4 Ze2 viEl D 29
ol A ApelE HolA| §Fal, dF 12 ARt viEk
D 23 oA thd EkOLH4.5 £ 1.5 mg/dL vs. 42 + 1.2
mg/dL, p = 0017), 44 9] olujgith. B BEe
Wlel D 2 AR} 418 SAK0E Soli E3t
TH148.8 + 150.9 pg/mL vs. 93.7 + 100.1 pg/mL, p < 0.001).

T2 7)7F Zot AP AL, IAFEW AsE Wa& As)

i aR

=
WP Aglo] AR WA Tk A3t viekvl D A
oA golat xpolrt ¢ligltiTable 3).
25(0H)DY] B3 Hro] HPS ZH3 AHL 71202

A g opet. sH7|(5L-119)0] 250HDS S 3}
59 Fatol FA7|(12¢€-59)0] H]sto] {F-o5HA =Sk
th(Fig. 2).

25(0H)D2} UM SEE, 21, ZEmte| oty

25(OH)D sl A S22l S Al =
-0.221, p < 0.001)E Ho| |9k Z(r = 0.063, p = 0.187), 2l
(r =-0.090, p = 0.058)° A= 23t FHHAE HolA| &

175.00+

150.004

125.00

iPTH (pgimL)

100.00+

75.007

T T T T T T T
5 10 15 20 25 30 35

25(0H)D (ngimL)

Figure 3. Mean concentration of intact parathyroid hormone
(iPTH) based on 25(OH)D level.
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QFeK(Table 4). 25(0H)D %=of wWebA 5 ng/ml, 10 ng/mL,
15 ng/mL, 20 ng/mL, 25 ng/mL, 30 ng/mL, 35 ng/mL& L}
T Aol B BAAH SEge] BEg umsluy,
25(OH)D7F 20 ng/mLoll A HAMA S22 5237} ©A|3]
Fethe A& gl 4= SlehFig 3).

28t H|ERI D ZAE(25(0H)D < 10 ng/mL)0i| F&FS

Table 4. Correlation between 25(OH)D concentrations and var-
ious parameters

9] 8¢l. kAl I+

R p value
Age, yr 0.009 0.857
Body mass index, kg/m’ 0.066 0.167
Alkaline phosphatase, IU/mL -0.169 <0.001
Total cholesterol, mg/dL -0.115 0.015
HDL cholesterol, mg/dL 0.025 0.614
LDL cholesterol, mg/dL -0.183 <0.001
Corrected calcium, mg/dL 0.063 0.187
Phosphorus, mg/dL -0.090 0.058
Intact PTH, pg/mL -0.221 <0.001
Urine protein creatinine ratio, mg/g -0.218 <0.001

Serum albumin, g/dL 0.343 <0.001

Coefficients (r) and p values were calculated using Pearson’s
correlation analysis.
HDL, high density lipoprotein; LDL, low density lipoprotein;

oAl Hlebyl Do B4 —

i
rir
e
g2}

173 m’ o]kl #
ol SRAE} S7ete A ST 4 www %—%
3 37], OR = 2.10, p = 0.070; 47], p
OR = 3.15, p = 0.004). T} 9|F Izt 2 = S47|(OR = 2.56,
p = 0.001), FH(OR = 2.76, p = 0.001), AU= 2] Achio]
100 mg/dL oo & 22 79100 mg/dL < LDL < 130
mg/dL, OR = 1.98, p = 0.047; LDL > 130 mg/dL, OR = 1.96,
p = 0.055)7} 9ItHTable 5).

a

1]

24 AREA| ol 7Hgo] 60 mL/min/1.73 m” o]A4kold gt
Ape] atdge] 402 £ 17.04=2 vHy I St Bt
504 2291 Ao mlgto] oAl F 3

oM Tk} AugA s Ko 22 HAF $ AA
Al S ko= Ziek whop A $9l A7t 23
E97] wizolt. o5 FollA %= 25(0H)D7} 30 ng/mL o4
o8 FEFY A= gldlen 454 mnke] FHe sAk=
Zo) A= 25(0H)D7} 10 ng/mL w]qkel A5k 25(0H)D 23

. ol A% A

PTH, parathyroid hormone. < BOl= AF= 534% (Y0322 Hel=gT: Hel7h ¥l
Table 5. Logistic regression Results for predicting severe vitamin D deficiency (25[OH]D < 10 ng/mL)
Variables OR (95% CI) p value
Sex Female 1.62 (0.94-2.76) 0.079
DM 2.76 (1.51-5.03) 0.001
Season December-May 2.56 (1.51-4.37) 0.001
CKD stage eGFR > 60 mL/min/1.73 m’ 0.014
Stage 3 2.10(0.94-4.67) 0.070
Stage 4 1.29 (0.56-2.97) 0.553
Stage 5 3.15 (1.43-6.94) 0.004
LDL-C <100 mg/dL 0.063
100 <LDL < 130 mg/dL 1.98 (1.01-3.89) 0.047
> 130 mg/dL 1.96 (0.99-3.90) 0.055
Urine PCR PCR < 1,000 mg/g 0.067
1,000 < PCR < 3,000 mg/g 0.59 (0.31-1.15) 0.120
PCR > 3,000 mg/dL 1.35 (0.66-2.77) 0.415

CI, confidence interval; CKD, chronic kidney disease; DM, diabetes Mellitus; LDL-C, low density lipoprotein-cholesterol; OR, odds ra-

tio; PCR, protein creatinine ratio.
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EfY] Do} Ay 9 H=E Ao J3E F= AR dHA
USLH15,16], & Aol o3t 2bol7} Higich
HIER D Ag2 A7 s B‘M élfv‘vl e
HEEo| Sl X 9] gF Hx <
o7 3 AL A= 25(OH)D—J Htgho] 15.8 + 82 ng/mL
oz Hag v QIoH13]. Ejtrhu 324 oA H
EfRl DO] Al Agat RE = vy T2 3719 &
Z1o] AH w7} 2,100, THY T2 47]00A] 1290, T F
2 571014 31582 o, 8 AR ofakgo] 60 mL/
min/1.73 m” 1]gko 2 Fol |, 11 22w} A glo] vt
9D A9 A FosHA ST AeR Azt
25(OH)D7} 20 ng/mL o]/el SkAp7E A oA 6.1% (27/
MHR 11 47F oS Ao, BAEER] R 3HE9] 25(0H)D
O] HIFZHE 106 + 62 ngmLO 2 | PTH=2] NESCOSAD
study group®] 18 + 11 ng/mL [17], & 9] NephroTest Study
group?] 17.6 ng/mL [S]Ect FA|3] Wekck oA =y 3
AZo| 4] 25(OH)D7} =& o)f+= $-2] Yepr} SRkte] &
aff Aol A2l eEwko] A SFE A F vlEwl D

2 Rk A% A7 At A2 494 91g
gt AZP o Aol ApaA Abge] E97] HEo A

)
)
e
S
3

HAA FEEO|A g A X4 23.7 £ 3.6 kg/m’E
Ak oz ypglgol sigsieict BlRkS: &5 AR = H]
FFY =F RIEE A, HER DO 28S 5k
e QIR0 A FAIG=e} HIER D AHoll=
FOJRt A= glSlT) ol &0l Algte] Sl= H=9
% BTk 3ERKBMI > 30 kg/nt', 5.2% [23/444])7F 2 7] w2
o8 FHE

6EEE Y7 S 3172, 2YRY 597X E 54

7|2 Heo] AU 25(0HDe] 25 s sPd7I7F 117
+ 6.8 ng/mL, 7|7} 8.8 + 49 ngmLZ §-2]5}A SA 70
A FAS A 25(0H)D2] HFo] e oF 2= 9]
Hh ol dz9ke] HAZH(1981-2010, FAAE7]/4478)-S sh4
710 186.15 + 15.259:_& 4719 201.75 + 10254 Kt} o
QATH18]. L8 ofet P} Hrk= ofztofA] HIEtyl DO

B Kol Aoy} wokt)h e Az A K

5 ghgegol] wE Zejd 2AF AIZES] Zpol7) ulEt
ol VIS vA= Ao 24T 5 Uk

25(OH)D7} 10 ng/mL w]gte] A3k vekl D ZHS Kol

52
_r;

3 Zold olde] BT AT APYW B
11.8% (25/211)% 25(0OH)D7} 10 ng/mL

ol
st Btk ol 5 7HAR Al & 4 gl

stod

A A HiER D A ol W e dEd
AL ety v T8 ) o gaL, F S8
HE A= ¢ ot ¢ @2 A28 AAUAE 7HA7]
m&olek vlERRl De didAl27) S ES AR s

AFAZZ (foam cel) & Fdsh= Ae 2ol FHHEIE o
Sh= AYS Wk @S wEAoA HlEl De] Agol
O] 73/ E(arterial stiffness)?} Wute] 7] ©]AK(endo-
thelial dysfunction)& &7}A|71tkal Ba1gk v QJth19]. ¥ut
ofUje}, Hlebl Dof RARA B 2| thal o4kt Bels)
of thertt A2 E Folo] ABUA Qo] AL FU.
=, kel D 2% AA7E @-2hA 284 % renin-
angiotension system)2 TASIA|7|IL, FEA Alo|EFIQI
§}M§}s].0:] /KI:L}\ﬂ _—‘T&EI H;d—_% =
Aok ofare sjol, B SRR Hrke AT o 24
& F7pI71E TS A4

;o) 43ish B4 UhE
EelsA Aciie

(inflammatory cytokine)=-

d

F

O
GI
s
_rg
ro
H
2
J,TL
REONN
é
j,cz
\Ll
n=l>
O
rlo
offl
L
L
2
_>‘4_:‘
o
i

Xl ?%74‘%, AR a1 o 1}194 gk% R} o] uhy
s

g QXMW oA FAAA 71 FHFS ot

=4
©° g 73t o] AgA|(phosphate binder)L} Zr<s &
z

Bl :

/\]—iﬂ(calcmnmetlcs)g Hasta Q7] glEo=2 AyZi=ETh
Folme e vEh De) Aleh ABS Kol o4 &

Fell szl SelebAl B 1 FAel AUE A\

o) ZesEEe oot EAN WA A deh Faa

BlEoll= 2pe)7} flith= Holeh Whi uhd Feo] 3y

s AdE Aok SYAHER dde AT Z

G agEo] B 7ASHs 3RS BT Table 1). E3H
A28 SR oA A= A AT FeAEHEo] el
Def At é 19] $3oIxtz Agstgich. 2y} Hlekl D
S{(Dyslipidemia)] FF& =
AA] 0}0@ 2008 gk =AY FF 24 ARE
e AT A7 wRolAe s AEdy
d2EE] G4t 25(0H)D =7t axgle] wet f-2st
7| ZAH)|(0dd ratio)”} Z713H= Aoz HustdT11].

3}
e} B o] A= T X (cross-sectional analysis)= A] 3§35t

L oA obx)

f

rUHJ
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HiRie] dpeld B 250D BY WA A4 HEsL Fobi 25OH)D g Ao} & Holrk

Y| 2E S GO ABHAE F ZH2H S U AU TR, FZols Akl HlE DO 1S awof it
AAchl ZE A S AdE AE S AHE] vt ATt AP Q=T v T2 34719 ExolA
© = EBAE 7Tl HArgh bl QIeh20]. whEbA K/DOQI 7ko|=elof uhe} ergocalciferol2 A2 oL, &=
HElE A @ESe] S =T8T AAREA, H] FEoFA[24], paricalcitols AME-Sh= A97F R &
ERY D7} Z| 28 E thAte] WA= 7] iRt A7t T 289 % ﬁ\—ur 25(0MDE| sl aapalo|qltts Hilke
nas Aow Azten 91eH2s). Leitt 2 B AolA] paricalcitol 2

o4l ATOIA: Hgk Well D AW FHAAZ AL, 2ulo] ABWA HHES ANIA Eahs A}
T T, G, AEE AP Y AE S0 —4‘3]7P 3EE Bf 9lo[26], Sell A= HIE] D B2 ¥y a8
SI9ick H WEEE] mRol A T, AT, e A of diet m} B Ao} Was Ao Bl
THA]<>(sun protection factor) 15 Z3}Q] AA3d AN, Als) O|H ot= BXA IRE EZ3eE 7o) v FEH
A 2 53, B7)ed, BT AR Fol, vt 1 FArSe] 27 A olzgol TH2 w]eb D AgeyE siet
2, 1Sk, RAAG 3 Iz A Hholzx AA| 3}l 25(0H)D, F4MdAl T2, 24, ¢l FeEl&HE 5 o
85 AR FHOkT16]. ey HIER D Ago] o 2] QIAETE] AHHAE A5 Agh BlEl D Zgo
o 7 WS USH 220X, ole] /A FHARNE b GFS FL Sl tistel 2tk HolAl ool
A o] el D AR SR A et TEE Ak EE ol HRM s RHES fushs
o] Lotk gufst HAHolA HIEt] D 2 e 25(0H)D g 43k 5719 Whd R EAfol|A] BlE
AUE FAE0] ofHofi= HIE] D A7t st oA 9 D JHE Al 8ol S5l whebA vlastRE A
o] ST} Hlo] ATUA AL FUT 5 U] L F) wiskglo] 9ol Uk BAE 7|22 @ )% AR
olch 2 P8 5 9l Aolth e} 2 Aol ARHoz v

Al2ollA =23ld AR, B4 Hele] 25(0H)D g A 7NQlel AES 53 Bkl D A3y gAY eSS
Aol glol B mEBel Aa BUe) 2he W ekl BUE AL 5 4 ok 22l thalke Ao o
T Be wEel 2 F kel PRAE BRo) Fagh £ e D Ao] WhEA] ool A FE wsle] thilk:
ek 5I=Tl[2,12,21], & Atell A= 25(0H)D7} 20 ng/mlL st A vEhg = Q= €@ S 2HE dsolut Tl
oA UL R TI0 o2 WIS ST & ST e DOl Sl Wl slsich. st
28 BT S A Pilz S22 Ludwigshafen Risk and  TH7I2k0] B 317U Fol Al B Aate] waiol
Cardiovascular Health (LURIC) studyo]] i3l H 5 Eoj| A U, APYES BA5)0 o]8o] ik 1g]x vjehyl D
WA B 357000 Sl BASS deR AT BE Ave Aww Sxeh 13X ghe eeld 1 7%
2SOH)D2FS] ATHEAS ZASIET) 25OHD7 20 nginl. 7ol 4] Hlwek 4 gk
ulukel ol A Aakel 91ge] Sl B
(o) SEAS 2 55134 L& FIRIE S 151 o o

3 = 895
o 504 ol Selict S R B AL BEE uy BB Bl Hleh D 2ol BUsH
25(OH)D7} ©F 10 ng/mL (25 nmol/L) ©]&}Ql o] °F 30 Aom dHA glov, U v FEE EAE o=
ngmL (75 nmol/L) o]4tel ol wlh of 26} Ziel AEY SR A o}y REsith ol ATolAE T Fu
W30 G0l BUSS HIFAT, 1020 ngml (2550 A 34 ATA ofsh&o] M ekl D A Ao
2 u

nmol/L)}1 wtofl Al oF Lev] 7lFo = A dd Aol & upefstal, of2] 7HA| QI HlERl Deto] Atk Al Bt
o] &Qith23]. o] Y R} LS AFE AEeA A 5]aLzt gk
3}o] A=} oA EA]9) P 5%FA AT E AERE, 250H)DS =43 444 9]
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— it aetE] =] A 83 E A6 %

=2 g Aol wEbA ol AEF0] oA
e A 2ARIAAL, WY T 5719 SAE § R4
SHA] o= EAkel HRHRA, doll BAE sl Aol 244

D 23

43% (34/79)°l stz EAtollA Azt 25(OH)D ZAF(<10
ngmL)S Rtk T FEY 37]9AE 53.2% (41/77), 4
710l A= 53.3% (49/92), 12|31 57]0| A= 70.9% (139/196)
oA 25(OH)D7} 10 ng/mL w|FFog Wit} FAS 514
oF= whAl F 31219 56.9% (211/371)7F A&t H]ERI D

15
A8E 2L, 36.7% (13637104 S5%=9] HER D 2
(10 ng/mL < 25[OH]D < 20 ng/mL), 4.6% (17/371)o| 4]

N

Z(20 ng/mL < 25[OH]D < 30 ng/mL) AYe%lom, T 1.9%
(7/371)2] FA}of|A] 25(OH)D7} 30 ng/mL OO & ZE AF
et 4lgk HlEll D A2 AE(EE7], OR = 256
[1.51-4.37, 95% CI]), A& 7]5(3H4 Z249 37], OR = 2.10
[0.94-4.67, 95% CIJ; 47], OR = 1.29 [0.56-2.97, 95% CIJ; 571,
OR = 3.15 [143-694, 95% CI)S} T=®(OR = 276
[1.51-5.03, 95% CI]), AUE A Achl & AHZ(100
mg/dL < LDL-¢ < 130 mg/dL, OR = 1.981 [1.01-3.89, 95%
CIJ; LDL-c > 130 mg/dL, OR = 1.961 [0.99-3.90, 95% CI])o]|

P gttt @3 A 32822 250H)DY =9
AT = 0221, p < 0.001)2 71X 2 ISl 25(0H)D

7} 20 ng/mL ]9k W) B E2Eo] 75-100 py/mL.C.
2 7htE ASS Byt

ZE: v D 292 APy FasHA v T2
27] GACIA = &3] YERaL, A, Tl w2 AU
A ZEAEHEe] fdAtelH, B TEES
=243 F7MA7]&  25-hydroxyvitamin D X+ 20
ng/mLo|t}
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13.
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