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Vitamin D and Depression

Su Kyung Cho, Sle Koo, and Kyong Park

Department of Food and Nutrition, Yeungnam University

ABSTRACT Recent studies have shown that insufficient or deficient vitamin D status may be linked to increased
risk of depressive conditions or depression. The aim of this study was to review all available evidence on vitamin
D, depression, and any association between them. Cross-sectional, case-control, and cohort studies have reported contra-
dictory results. Some have reported that low levels of vitamin D may be associated with higher risk of depression
or depressive symptoms while others reported that vitamin D status may not be related to depression. Recent clinical
trials examining the effects of vitamin D supplementation on depression have also showed discrepant results. However,
meta-analysis study results are consistent regarding the beneficial effects of vitamin D. Several mechanisms that account
for these beneficial effects of vitamin D on depression have been reported but remain largely speculative. Vitamin
D deficiency is very common, and prevalence of depression is increasing in the Asian population, especially females.
However, limited literature is available on this population. Considering research results of a potential inverse association
between vitamin D level and prevalence of depression, it is important to advance our understanding of the role of
vitamin D in depression and conduct well-designed prospective trials in the Asian population.
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3= 7-t3to] =2 Z ¥ 2~ HE(7-dehydrocholesterol)©]
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¥ (enzyme-linked immunoassay), random access
automated assay(RAAA) 5°] A3(27-29), 21§ RIAW
< v vs T 23 o veke] gl A
=7b4 o] vty D 58 S4357] Yste] g o] &
=3 Ah(30,31).

AW vlERR D] A 9 HA s Bl tiE Ve
gxpuie} Aal 2po]7b tk(Table 1), AW g 7lol=g}
¢l(Kidney Disease Outcomes Quality Initiative Guide-
lines)ell ©J&kd &4 25(0HD7}F 15 ng/mL w9kl 7 $- H)
EYl D A’c 2 Aot ¢al, v 987 H(Institute
of Medicine, IOM)9] 7|50l 23} 12 ng/mL W& ‘H]
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9] =HE-Eo = g3 25(0H)D7F 20 ng/mL(50 nmol/L)

ulgtolw ‘BHIEMYl D 23 (deficiency) &2 AUl HEMR D

Table 1. Definitions of vitamin D status

Studies Vitamin D status QS(OH)I?)
(ng/mL)
Levin et al. (106) (Kidney  Deficiency <15
Disease Outcomes Quality
Initiative Guidelines)
Rosen (22) Deficiency <10
Insufficiency 10~30
Institute of Medicine (107)  Deficiency <12
Insufficiency 12~20
Sufficiency 20~50
Possibly harmful >50
Holick et al. (108) Deficiency <20
Insufficiency 20~30
Peppone et al. (109) Deficiency <20
Insufficiency 20~31
Sufficiency >32
Pearce et al. (110) Deficiency <20
Adequate 10~30
Optimal >30

YMetric unit (ng/mL) X conversion factor (2.496)=SI units (nmol/L).
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23~24%, B1EFY1 D A3 (FH 25(0H)D 10 ng/mL 7| %)
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1470 57T
oA zt= A, = A]EHAL] A A Aol FrHE]
THART ¥ 2 AFS Holil o] 9259 AHES
2 =A (underestimation)dh= A2 o]o] & 4= ¢l7] uj
wolth(76,77). ol s $-&F FHES FASH TA=
g AR EAe wet 1 FEVF gE 4 A=,
53] g2l &5 Ao a5 HAl= AL #3H4
A E4E 18T W 9 A7 = dvkal AAE \F o

gk Fo 4 AT A, o)A 84 25(0H)D ol
10 ng/mLA F71e winith -5 9 93] 2 8% U
dolx= AFRE H P oM (odds ratio(OR): 0.92, 95%
confidence interval(95% CI): 0.87~0.97)(79), 654 ©]
EUE dide® Hed b Ed w854 A (Lon-
gitudinal Aging Study Amsterdam) H|o|E| & o]-&3} 3t
TAAFAAE 3 25(0H)D 77 &35 H] 794
59 BAE BATHB3). T3 40~79A419] < F =

| ¥4 33699 S o= 3 Hlglwl D & et
&5 ] BAE Fd B4 A A = g3 25(0H)D
ol FETFE 85 AX A9Vt HoAle AAZES B
% 25(0HD o] 7Hd =2
wste] 7Hg e 15(10 ng/
mL 7R} &5 FHE] oF 74% ¥ %o o=
ojAel A¥Es BJTHOR: 1.74, 95% CI: 1.03~2.93)
(82). 9 A7 A5 2 714 7t R Ay
AR, 25(0H)D= A A AR}, ofMEZH oAl A,
AZEY, HE2EXHE, (A5 2E HRAFstas
RNAS] Aol F&E mAw olzjg &
¥ =T U

A AgEtrol M o] HEb D S84 EESE $4F
she] Aztide] FSETHE). A, B4F HlEkw D 4
AAG) ARA oz Agete] AAADRAL F7HAI7AY
NAREAE RS Fote] APAFBNAL FRERH

=

T SATH(83).

AN g2 o2 vE D}
T R e AR S HolA B AT A

Baus s ti(12,86-89)(Table 2). =2 =714 & 2}
¢l Nutrition and Health of Aging Population in

China(NHAPC) projectE& ©]-83}o] 50~70A41< A7 &

el 34491

AE B3 = dA=(12), €% 25(0H)D7F 20 ng/mL
uukQl Abgh2 30 ng/mL o] Algel HlE| &% F4
93

so] oF 2uj(OR: 2.01, 95%, CI: 1.25~3.24) ©] Zo
L vpo], A, Aol BEA| ALE AN Fo] THFES BA

5 olelg AAE O ol FelAelA &drt. v w1
g oFzAle] = Ho]E(2005~200611)E A3 A}
T folHolx] gre AE AN A THET). H - el A
= 2008~2010@ KNHANES A&Z o]g&3sle] &34 25

(OH)DSt 85 % $&54 499 AL B4 A3}
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A¥gS Bkl tH90)(Table 3). & & Fol&
A= F2Hn=89, 25(0H)D: 27+10.1 ng/mL)$} thx
44, 25(0H)D: 34%14.4 ng/mL)2] &3 25(0H)D <~
3t A3} skxate] E34 25(0H)D F750] <k 7 ng/
RS THP=0.002)(90).
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At g3 25(0H)D < ‘15 ng/mL ]38}, ‘16~30 ng/
mL’, ‘31~50 ng/mL’, ‘50 ng/mL %3} & EF3lo] &5
A ES B3 Ay 83 25(0H)D 0] 7P W& o1
T 7P =& 2w v &5 A EC] oo

oF 2.7¥(hazard ratios(HRs): 2.70, 95% CI: 1.35~5.40)
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S o= "PE Survey in Europe on Nutrition and
the Elderly(SENECA) oA = 25(0H)D F+3 $%
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0.76, 95% CI: 0.52~1.11)(92).
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3 2AAE AAE st 94-97)(Table 4). =2



1471

Njo

‘uoissaidop Jo YSLI 10MO] UM PIJEIOOSSE dIe (] UIWE)A JO S[OAJ] IoySIY Jey) sajedlpul + HUeOYIUSIS Jou ‘SN
areuuonsand) s3ulRd,] pue PoojN Ayl ‘OJIN 9[edS uoissaido deLdD ‘gD 9[edS uolssardd sarpni§ [eordojorwapidsg
10J I9WUA) ‘(-SHD SIPOO ONSOUTBIP UONIPH YIUIN-SISBISI(] JO UONEBOYISSE]D) [RUONBUINU] ‘SIPOO 6-(JDI ‘SIOPIOSI(] [BIUSIN JO [ENUBN [eonIsHEIS pue dnsouseld ‘Al-INSd,,

"ojqeordde jou ‘YN,

SN Saos
+ OdN
+ Sao
+ UQWOMN
SN ‘UdN d-sdo
+ 6-dD1
+ AI-INSdA

0°0S> ‘8°0T> 9°€I> SL~0L

0€> ‘0T> 81~9

8'9¢< ‘8°9¢> ‘°0€> TS §9<
9'1Z< ‘91> LTS 69<

0S< ‘0> ‘0€> SI> 0s<

VN Sh~1¢C

adoing

N
euIy)

Arei
SN

SN

uorssaidop

UOWOM pUB USW Q] |
UYIM SJUIDSI[OP. TGL°T
uow 108

UOWOM PUB USW $G6

OSBOSIP JBINOSBAOIPIED YIIM

UdWOM pUB UdW QGE°/

uowom [esnedouswisod ¢¢q

(26) 'Ie 10 erwsjoig-Iomnoig

(€6) ‘T8 10 uoueddijo],
(16) T 12 ueyd

(I1) T 19 1yosaue[iN

(o1 Te » Key
1104yo)

(06) Te 1 HepURYSY
[011U02-3sB))

(SHNsy uorssadop jo sisousel(

o(Tw/3w) a(HO)ST
‘d UIWeHA S9L10391B))

(s189K) 93y uoned0]

uorejndod Apmig

sapmg

uoissaxdop pue ( UIWEIIA UO SIIPNIS }I0YOD PUB [01U0I-9SBY JO Alewwng °¢ d[qe],

"u0ISSAIdOp JO YSII JOMO[ UHA PIJRIDOSSE de (] UIWENA JO S[OAJ] JOUSIY Jeyl SdjedIpul + JUeOlIusIs j0u ‘SN,

‘saseasiq

JO uoneolIsse]) [BUONBUINU] ‘(D] SO[eIS ssang Ajpixuy uoissaidoq ‘SSvA ¢ I -A1ojuaau] uorssaido yoog ayi ‘T -1dg 01-1SI'T JooyD swoydwAg surydoy oy ‘01-1DS
{6-oareuuonsond) YiedH udned ‘6-OHd QMpayds marAIdu] onsouderq ‘SI <9[edS uoissaido oujeLIdD ‘D o[eog uoIssalda sarpnig [eordojorwapidy J0y 191U nD.mm_U:

suonIpuod passaidap
douonddxd pue

SN sisougerp uerIsAyqd 0€< ‘0¢> ‘0> ‘01> 61< BOJOY  USWOM pUB UdW CE/ Q] (68) 'Te 12 003
+ 8-ddI ST< ST> 01> 09< SN UowIOM pue UdW §19°[ (s8) 'Te 3 pide
+ d-sdn 0S< ‘06> ‘0> ‘0> TI> vr~8I1 SN uowom g.1  (+8) ‘T8 390 morysng-ApIsse)
+ da-1zssvda TE9< TEY> €T 9LT> €< ueplof uswom pue udw g0y (08) ‘T 12 noppef
+ I-1ag 0€< ‘0¢> 0T> 01>  6L~0F odony uuw 69¢°¢ (z8) 'Te 10 2971
+ 0I-10S  S08~0°LT ‘L'8E~0TT ‘€ EE~LLT “9°8T~L'8 L8~0¢ ABMION ~ USWOM pUB USW 980°0[ (18) e 3 preesiely]
+ a-sdan asearoul Jwy/3du (O] JIod 0Z< Sl UdWOM puB UdW $6STI (6L) ‘T8 10 Sueoy
SN 6-OHd 97< ‘9> ‘0> SI> 0T< SN USwIoM pue UdW 9]6°¢ (L8) Te 1 oeyz
SN sid 0€< ‘06> 0>  6€~SI1 SN USWOM puB USW (L6°L (TD) e 10 tuen
+ 0ISan 0> ‘0C> ‘01> S9< AN uowom pue usul ()L0°C (6) Te 1 1emang
SN d-sdD (ueawr) 497 491 401 0L~0¢ BUIYD UowoM pue UdW 79Z'€ (98) 'Ie 10 ued
SN d-sdn (uerpaw) z'67 ‘€'CC ‘S'81 ‘6°€1 L9~1C ueder usuwiom pue usw L7¢ (88) ‘T 3% LueN
+ d-sdD VLT< VLT V0T LYI> €6~¢9 SPUBLIYION UowoM pue UdW 78T°[ (£8) 'Te 3 fipuddooy
Snsay QHAAWEMMMMMMMM (Tw/3u) A(HO)ST ‘d WwelA Sa110391e) @MMM@ uoned0| uonendod Apmg SaIpNIg

uorssaidop pue (] UIWE)A UO SIIPNIS [BUOIDIS-SSOIO Jo Arewwng g dqel



=
-1 %\‘H—}‘ °
=GR

1472

o Ao
34
Hlkel A9l Eq 3
5 o ESRE
FAF 5
A T
flelel

=
- | = & P 1_]5_
s REFD o D
= H]H—L Z‘%
HoF1E), 15 F st H|E}
(51 DD Bk
158 1 1), bb= 2540 D
2 Zeha D 20,000 1Azt =3 L33 D
g HE TSl 1 o b #9l
(49 =)o stk 1 9, 1.5%84
=2 o <) =5 =)=
OOOIUET-—V——E‘?OMﬂﬂﬁkIX HslE 1
= 12 40, Al mdts = A7 44 ] = 4 9]
S % + oz Ul D RE 17 ©5= A o] ©.9.= A 1 D 234
3|+ = A= 197k o] oF 1 & s gl ~75
& el 112\8}9\39— ’ j/]jcﬂuc}‘ﬂ] o 2 fxHoz 301 a5
as O == L az <1
A e g PN
r e ol s e o 352
8 s o = A7 =
2 o O SEXY 191 = 230 A H7 Ao} 09
g 55, =2 9o]el EEC R 1D HE
o Q [e) a- u
% © ) = 8 /Kﬂ‘/] "]0#?_(95)94— Oﬂ/q H]E]"— -
o § E R = o]}g—/\]t\g‘— AFA] S e T A= vlghd
°l 9 Rel ™ SIEA Ridel sy BH A& F
» EX % o] 2zt ¢ A=A 2 2 o] & g Fdg7
2|8 g = B4 AL A JEFR1 Dok 2 TE FEY = )
gl X gkel At HE d= A A AR A
g b A = oltka A ENE S
A me - 4 MR D= & wdel sls
= = z}ol7} Y& 2 Jd= H &g ¥ 1o 78
g D& A5, o] = o A Y )
5 & ). 3A, HD - >4 9 = w3}
>7 & SAEH98). 3 4 25 (0 &5 9 W DE ¥
~ S52 2 Hnu 9% sk 24, 5 S A HERR o =1
S| % 2E S B D H skl - wot7] 918 Aol &
5 g €= 4 . 9t FS X5 3 A 9 D9
= . ° g g T 9l Rl A3 HF A= H e
é § § § g é .é GiA=] EH}E}X]—EETE AHEto R /:]_-o]il:'l"]51 E:oﬂ o sk A
;2 J E S M ix = -1 Il &
2SS g~ S S 3 2 H= ulo g st AALA Y Fod 5
gl E o R= gk ok A A o] 5 whg
S 29 Ba - g 2 i@r/\]@_}':%qxqﬂ}’ﬂugi ﬁ;}‘“— Ogookioﬂ’]_vﬂ e
o ﬂ‘“'S\-/«s [} o = Al 1 i EQE“O'
= < 232 o Oo B J o) 753}”_ 1320 9= o8] 1Y%
S E £ Es Z G ERCEAL 5 A factor)el 4 91t} )
$l28 L3 SE | B o D7} nding Alsta ¢l 3 H)e
JEEE S&E 8 HE 212K (confou ©E AEh 5ol Hik H)E
8 + 3 = 8 o .2 _73]'\__ =7 7]’0 © o = = Z—]]/‘]O
A 2L B = ulgh = 9tta T HLE A=
S s _ a%T”]E}HQ A ke A+ 2 A& Ao
52 = < o T; oliouz olo] #el
Ele 22 I e A 3ol ”“plg}} TEe e & 27H99)
s = SUn i - =
= 2S = 9,100). TE o | 1%
2 9 Th9 1 A5 D ok 3
S 53 EME}. R = n)ehy fHEo] ¢
< X 3ol e A of) A = ooz o4 o] e
g |of 5}k B} 24 Hla) ©< sE ol
g ,5 & = el v v Ll D, 222 9 il
g S 23 S 8 g4 FEl S [ LO~17D), | HIEHL D 5 :
S E o Z Z S0 HIE D 31, 95% C o 2o }8F thH(HRs
Q S 3 . s —. = = 7] 3] A
E|5|Z %A ERXAOR: L. WD el of 221 57 R 57k
‘7 00: o= —,%H]E}Lo_geo] = AT L
5 £.g =S| 7&‘1/} B_H H ==Y 117]';(] Oﬂj‘ =
= 5 2 2o 2ge) ¥ 9)(99). el %
0 = < L 8 =& I1E 1.40~3.4 a2 A4 HEo] ek 8
i=] = oR= B o 1. st I T & = o
- €%§§ Ba g: 2.21, 95% CI uﬂE}-T’t—L}-\j'—q} _qu}_?_%?‘rrof_)\fg}}\f]ﬂ'
= 2223 BT 5E ATg L 718 felHoz 7
<5548 L e 7k 10 ng/m ~0.98) o5
g _c_; g o % g = “Q §§ 25(0H)D 5% CI: 0.87 = 1:17_\:"3}-7] HO
El & =82 =l 5 2092, 9 3 UH(100). Fo] PAE B 285 o]
T & «-»EwSNE w2 (OR: s Helo -3 7t StAT7E A
g z gﬁ)g &7 5 @ OIJ%D nleE #AE 1ebl Do} & oz Hgkd 1e}9 D &
= o A H il —_— _ B il
ol 2 5 %ﬁ 5 %E B %‘5 o]} ko] oﬁLﬁ?—}%»EHT WD &2 ER 75
.2 Eg & EQ R oS &gk =9 A S WA 5 T2
] °Sx o £y E]'OL }\1":3 Al v = ad
2 o S3 8 2 o] 8 ko) IRERESAR g5 u]epul Dqu/}Xq’g‘
- - 5'2 ot A 257 g g4d3 st WA A4S
= Z o 71 ] a2 ) &3 (82) = o )‘\~§1— b ==
=) == A7AA A} el =3}
s 3 P ZV}_ Ao *H“Jj_“ob; FEAA T o 82 A3 A7
B < ol 7HA= A 1o] 245 5219141 7l D= A7
3 . 8 iz A g 24 02) *J%M%Tog) =2 B]E}Loﬂ@% -
- 58 T a8l 32(101,1 s sleh of & gjst
@ = . = & gl) ~ ] Al Bal 34_0:10]’
2 8 X 2= i - oggto] o} | s U )
< o = = - L] UH 1= kel o -
£l 2 = w & A3 Ad=de §
=] QI) = ;O_P —_ > b
n k5] S 9 5} A v
. =& 8 /m Z
- Q b= Q v = &
2 |E S
=) -
<
=



AOH(104), o FHAd 7 NN EL] H24F Mol ¥ st
e AR AAAEEA - #ost= Ao F
= (105).

et ob AR -2l g ekl D] 599
T WA A= AT AL B3 el
AF7HA] Bag A A5 i I Aoz <
HAAE A = gAY 45 A8 GS o r =3
Ho guo] grf. FRTE iR A A= w9
oA XPe AFE ENNE AL Jon =S thed
o= FAH ATE muE AA e

AT AR AHEGAS W ddT AHES 5
28k Fs B0 HE wEl A AA}ES HE] DO
Frol ¢ET B 2T A vl BAE Belva
Baskal vk AwbA el &3 a1 A vetyl D Aj o
A7t $-2TF] S FEe] AL Qe ofof vigh
AESA 7| AE RaEx Qo) gk $Ee gow
gk HlER Do} 925 9 23] Al AT, 538 o
TR AZSE A7 vl g Aot

(=] oF

2 Aol A= HlEhyl Doh AAAH, 53] A AAH R
B FHE FOIE Holw YE $ETIe) AL A
w7 98] ekl Dol F5, w9 A%, vle D Jge)
A% 9 ool GFS WAL 29, v DY} -LZ e

# 2

Aol W el 23S AAHew 2

At 1 A3 A A, vER DE JAA o =2 Bk Dy
(ergocalciferol)®} Ds(cholecalciferol) & 7}#] HEl=2 &
AstH T2 T3, 50, ol el g2 Aol B

WA, O, WA Sol 24 T HFolvh A, Tl
9 vhFe AT W PO WE D £ES 13

D 23 &

Fmele] Aads dides 3 A A

el = 247F 89%, 99%= wig- whE wlE

R D s molvk AA, A HlER] D] el 9

A g g fQlemE AF, AT A9, Ak, o5
.

ARH Fol, 44, A9A wF A, FA 2§ P Fo]
umEglom, dugos AYl FHFFA R ARl
75wkl W), R84 ApaAle] AL, ol g WA,
S E W ue wE DOl B4, §4 2 o8 4P
2 Fof R D $539] A2l0] @ Qrkn wud
ok WA, AT HEE D FEN $2Ee duge ¥

@ 39 QAATES FE

J9 A7 W ISE AT et BAY AT A7 925
of oja vlER Do) ol 28 Fatol] tishe] ulaLd sk
A7 A AN ek Tejh dre] ¢ Ak
Solol A WaAE Aolm PR Olbow BAH AT
= ool ARl W BRAL e @ F4 o
T7h aFHn

ZtAtel 2

o] mE2 20129 % AR Ygzst)e QYo z 3
ATALE Y (NRF-
2012R1A1A1009214).

REFERENCES

1. Korean Association for Vitamin Research. 2009. Vitamin
D. Hansol Medical Book, Seoul, Korea. p 14-94.

2. Hadley ME, Levine JE. 2008. Endocrinology. Pearson Edu-
cation Korea Ltd. and Bio Science, Seoul, Korea. p 189-219.

3. Koeppen BM, Stanton BA. 2009. Berne & Levy Physiology.
6th ed. E-public, Seoul, Korea. p 645-798.

4. Holick MF. 2006. Resurrection of vitamin D deficiency and
rickets. J Clin Invest 116: 2062-2072.

5. Ford ES, Ajani UA, McGuire LC, Liu S. 2005. Concentra-
tions of serum vitamin D and the metabolic syndrome among
U.S. adults. Diabetes Care 28: 1228-1230.

6. Mitri J, Muraru MD, Pittas AG. 2011. Vitamin D and type
2 diabetes: a systematic review. Eur J Clin Nutr 65: 1005-
1015.

7. Sun Q, Shi L, Rimm EB, Giovannucci EL, Hu FB, Manson
JE, Rexrode KM. 2011. Vitamin D intake and risk of car-
diovascular disease in US men and women. Am J Clin Nutr
94: 534-542.

8. Giovannucci E. 2009. Vitamin D and cancer incidence in
the Harvard cohorts. Ann Epidemiol 19: 84-88.

9. Stewart R, Hirani V. 2010. Relationship between vitamin
D levels and depressive symptoms in older residents from
a national survey population. Psychosom Med 72: 608-612.

10. May HT, Bair TL, Lappe DL, Anderson JL, Horne BD,
Carlquist JF, Muhlestein JB. 2010. Association of vitamin
D levels with incident depression among a general cardio-
vascular population. Am Heart J 159: 1037-1043.

11. Milaneschi Y, Shardell M, Corsi AM, Vazzana R, Bandinelli
S, Guralnik JM, Ferrucci L. 2010. Serum 25-hydroxyvitamin
D and depressive symptoms in older women and men. J
Clin Endocrinol Metab 95: 3225-3233.

12. Ganji V, Milone C, Cody MM, McCarty F, Wang YT. 2010.
Serum vitamin D concentrations are related to depression
in young adult US population: the Third National Health
and Nutrition Examination Survey. Int Arch Med 3: 29.

13. Yang S, Ha YS, Lee GS, Lee JS, Kwon HJ, Lee MH. 2011.
Psychiatric-mental health nursing. 4th ed. Hyunmoon, Seoul,
Korea. p 243-276.

14. Park JH, Kim KW. 2011. A review of the epidemiology
of depression in Korea. J Korean Med Assoc 54: 362-369.

15. Ustun TB, Ayuso-Mateos JL, Chatterji S, Mathers C, Murray
CJ. 2004. Global burden of depressive disorders in the year
2000. Br J Psychiatry 184: 386-392.

16. Lips P. 2006. Vitamin D physiology. Prog Biophys Mol Biol



1474 2T T
92: 4-8.
17. Soram Khalsa MD. 2009. The vitamin D revolution. Health

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Chosun, Seoul, Korea. p 23-43.

Holick MF. 2007. Vitamin D deficiency. N Engl J Med 357:
266-281.

Muller DN, Kleinewietfeld M, Kvakan H. 2011. Vitamin D
review. J Renin Angiotensin Aldosterone Syst 12: 125-128.
Cannell JJ, Vieth R, Umhau JC, Holick MF, Grant WB,
Madronich S, Garland CF, Giovannucci E. 2006. Epidemic
influenza and vitamin D. Epidemiol Infect 134: 1129-1140.
Cannell JJ, Hollis BW. 2008. Use of vitamin D in clinical
practice. Altern Med Rev 13: 6-20.

Rosen CJ. 2011. Clinical practice. Vitamin D insufficiency.
N Engl J Med 364: 248-254.

Zerwekh JE. 2004. The measurement of vitamin D: ana-
lytical aspects. Ann Clin Biochem 41: 272-281.

Reichel H, Koeffler HP, Norman AW. 1989. The role of
the vitamin D endocrine system in health and disease. N
Engl J Med 320: 980-991.

Wei MY, Giovannucci EL. 2010. Vitamin D and multiple
health outcomes in the Harvard cohorts. Mol Nutr Food Res
54: 1114-1126.

Weaver CM, Fleet JC. 2004. Vitamin D requirements: cur-
rent and future. Am J Clin Nutr 80: 1735-1739.
Wagner D, Hanwell HE, Vieth R. 2009. An evaluation of
automated methods for measurement of serum 25-hydroxy-
vitamin D. Clin Biochem 42: 1549-1556.

Hollis BW. 2008. Measuring 25-hydroxyvitamin D in a clin-
ical environment: challenges and needs. Am J Clin Nutr 88:
507-510.

Roth HJ, Schmidt-Gayk H, Weber H, Niederau C. 2008.
Accuracy and clinical implications of seven 25-hydroxyvita-
min D methods compared with liquid chromatography- tan-
dem mass spectrometry as a reference. Ann Clin Biochem
45: 153-159.

Ng K, Meyerhardt JA, Wu K, Feskanich D, Hollis BW,
Giovannucci EL, Fuchs CS. 2008. Circulating 25-hydroxy-
vitamin D levels and survival in patients with colorectal
cancer. J Clin Oncol 26: 2984-2991.

Yetley EA, Pfeiffer CM, Schleicher RL, Phinney KW, Lacher
DA, Christakos S, Eckfeldt JH, Fleet JC, Howard G, Hoof-
nagle AN, Hui SL, Lensmeyer GL, Massaro J, Peacock M,
Rosner B, Wiebe D, Bailey RL, Coates PM, Looker AC,
Sempos C, Johnson CL, Picciano MF. 2010. NHANES
monitoring of serum 25-hydroxyvitamin D: a roundtable
summary. J Nutr 140: 2030-2045.

Holick MF. 2009. Vitamin D status: measurement, inter-
pretation, and clinical application. Ann Epidemiol 19: 73-78.
Priemel M, von Domarus C, Klatte TO, Kessler S, Schlie
J, Meier S, Proksch N, Pastor F, Netter C, Streichert T,
Puschel K, AmLing M. 2010. Bone mineralization defects
and vitamin D deficiency: histomorphometric analysis of
iliac crest bone biopsies and circulating 25-hydroxyvitamin
D in 675 patients. J Bone Miner Res 25: 305-312.
Looker AC, Pfeiffer CM, Lacher DA, Schleicher RL, Picciano
MEF, Yetley EA. 2008. Serum 25-hydroxyvitamin D status
of the US population: 1988-1994 compared with 2000-2004.
Am J Clin Nutr 88: 1519-1527.

Looker AC, Johnson CL, Lacher DA, Pfeiffer CM, Schlei-
cher RL, Sempos CT. 2011. Vitamin D status: United States,
2001-2006. NCHS Data Brief 59: 1-8.

Greene-Finestone LS, Berger C, de Groh M, Hanley DA,
Hidiroglou N, Sarafin K, Poliquin S, Krieger J, Richards
JB, Goltzman D. 2011. 25-Hydroxyvitamin D in Canadian

>
=z

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

on

adults: biological, environmental, and behavioral correlates.
Osteoporos Int 22: 1389-1399.

Ardawi MS, Qari MH, Rouzi AA, Maimani AA, Raddadi
RM. 2011. Vitamin D status in relation to obesity, bone
mineral density, bone turnover markers and vitamin D re-
ceptor genotypes in healthy Saudi pre- and postmenopausal
women. Osteoporos Int 22: 463-475.

Ardawi MS, Sibiany AM, Bakhsh TM, Qari MH, Maimani
AA. 2012. High prevalence of vitamin D deficiency among
healthy Saudi Arabian men: relationship to bone mineral
density, parathyroid hormone, bone turnover markers, and
lifestyle factors. Osteoporos Int 23: 675-686.

Choi HS, Oh HJ, Choi H, Choi WH, Kim JG, Kim KM,
Kim KJ, Rhee Y, Lim SK. 2011. Vitamin D insufficiency
in Korea—a greater threat to younger generation: the Korea
National Health and Nutrition Examination Survey
(KNHANES) 2008. J Clin Endocrinol Metab 96: 643-651.
Cho SW, Kim SW, Shin CS, Kim SY. 2007. The prevalence
and the threshold of vitamin D insufficiency in Korea.
Korean J Bone Metab 14: 19-26.

Shin YH, Kim KE, Lee C, Shin HJ, Kang MS, Lee HR,
Lee YJ. 2012. High prevalence of vitamin D insufficiency
or deficiency in young adolescents in Korea. Eur J Pediatr
10: 1475-1480.

Nakamura K, Nashimoto M, Matsuyama S, Yamamoto M.
2001. Low serum concentrations of 25-hydroxyvitamin D
in young adult Japanese women: a cross sectional study.
Nutrition 17: 921-925.

McKenna MJ. 1992. Differences in vitamin D status between
countries in young adults and the elderly. Am J Med 93:
69-717.

Mithal A, Wahl DA, Bonjour JP, Burckhardt P, Dawson-
Hughes B, Eisman JA, El-Hajj Fuleihan G, Josse RG, Lips
P, Morales-Torres J. 2009. Global vitamin D status and de-
terminants of hypovitaminosis D. Osteoporos Int 20: 1807-
1820.

Lips P. 2007. Vitamin D status and nutrition in Europe and
Asia. J Steroid Biochem Mol Biol 103: 620-625.

Aris RM, Merkel PA, Bachrach LK, Borowitz DS, Boyle
MP, Elkin SL, Guise TA, Hardin DS, Haworth CS, Holick
MF, Joseph PM, O'Brien K, Tullis E, Watts NB, White TB.
2005. Guide to bone health and disease in cystic fibrosis.
J Clin Endocrinol Metab 90: 1888-1896.

Lo CW, Paris PW, Clemens TL, Nolan J, Holick MF. 1985.
Vitamin D absorption in healthy subjects and in patients
with intestinal malabsorption syndromes. Am J Clin Nutr
42: 644-649.

Wortsman J, Matsuoka LY, Chen TC, Lu Z, Holick MF.
2000. Decreased bioavailability of vitamin D in obesity. Am
J Clin Nutr 72: 690-693.

Peveler R, Carson A, Rodin G. 2002. Depression in medical
patients. BMJ 325: 149-152.

Mathers CD, Loncar D. 2005. Updated projections of global
mortality and burden of disease, 2002-2030: data sources,
methods and results. World Health Organization, Geneva,
Switzerland.

Mathers CD, Loncar D. 2006. Projections of global mortal-
ity and burden of disease from 2002 to 2030. PLoS Med
3: ed42.

Kroenke K, Spitzer RL, Williams JB. 2001. The PHQ-9:
validity of a brief depression severity measure. J Gen Intern
Med 16: 606-613.

Kessler RC, McGonagle KA, Zhao S, Nelson CB, Hughes
M, Eshleman S, Wittchen HU, Kendler KS. 1994. Lifetime



54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

HEhl

and 12-month prevalence of DSM-III-R psychiatric disorders
in the United States. Results from the National Comorbidity
Survey. Arch Gen Psychiatry 51: 8-19.

Kessler RC, Chiu WT, DemLer O, Merikangas KR, Walters
EE. 2005. Prevalence, severity, and comorbidity of 12-month
DSM-1V disorders in the National Comorbidity Survey Re-
plication. Arch Gen Psychiatry 62: 617-627.

Radloff LS. 1977. The CES-D scale A self-report depression
scale for research in the general population. Applied Psycho-
logical Measurement 1: 385-401.

Zigmond AS, Snaith RP. 1983. The hospital anxiety and
depression scale. Acta Psychiatr Scand 67: 361-370.
Beck AT, Ward CH, Mendelson M, Mock J, Erbaugh J. 1961.
An inventory for measuring depression. Arch Gen Psychiatry
4: 561-571.

Casper RC. 1998. Depression and eating disorders. Depress
Anxiety 8 Suppl 1: 96-104.

Devaud C, Jeannin A, Narring F, Ferron C, Michaud PA.
1998. Eating disorders among female adolescents in Swit-
zerland: prevalence and associations with mental and behav-
ioral disorders. Int J Eat Disord 24: 207-216.

Park JE, Kim SJ, Choue RW. 2009. Study on stress, depres-
sion, binge eating, and food behavior of high school girls
based on their BMI. Korean J Community Nutrition 14: 175-
181.

Sherwood NE, Jeffery RW, Wing RR. 1999. Binge status
as a predictor of weight loss treatment outcome. Int J Obes
Relat Metab Disord 23: 485-493.

Cassidy K, Kotynia-English R, Acres J, Flicker L, Lau-
tenschlager NT, Almeida OP. 2004. Association between
lifestyle factors and mental health measures among com-
munity-dwelling older women. Aust N Z J Psychiatry 38:
940-947.

Pan A, Sun Q, Czernichow S, Kivimaki M, Okereke OlI,
Lucas M, Manson JE, Ascherio A, Hu FB. 2012. Bidirectio-
nal association between depression and obesity in mid-
dle-aged and older women. Int J Obes (Lond) 36: 595-602.
Simon GE, Ludman EJ, Linde JA, Operskalski BH, Ichikawa
L, Rohde P, Finch EA, Jeffery RW. 2008. Association be-
tween obesity and depression in middle-aged women. Gen
Hosp Psychiatry 30: 32-39.

Vaccarino V, McClure C, Johnson BD, Sheps DS, Bittner
V, Rutledge T, Shaw LJ, Sopko G, Olson MB, Krantz DS,
Parashar S, Marroquin OC, Merz CN. 2008. Depression,
the metabolic syndrome and cardiovascular risk. Psychosom
Med 70: 40-48.

Atlantis E, Shi Z, Penninx BJ, Wittert GA, Taylor A, Almei-
da OP. 2012. Chronic medical conditions mediate the asso-
ciation between depression and cardiovascular disease mor-
tality. Soc Psychiatry Psychiatr Epidemiol 47: 615-625.
Pan A, Lucas M, Sun Q, van Dam RM, Franco OH, Manson
JE, Willett WC, Ascherio A, Hu FB. 2010. Bidirectional
association between depression and type 2 diabetes mellitus
in women. Arch Intern Med 170: 1884-1891.

Leonard BE. 2007. Inflammation, depression and dementia:
are they connected? Neurochem Res 32: 1749-1756.

Pan A, Keum N, Okercke OI, Sun Q, Kivimaki M, Rubin
RR, Hu FB. 2012. Bidirectional association between depres-
sion and metabolic syndrome: a systematic review and
meta-analysis of epidemiological studies. Diabetes Care 35:
1171-1180.

Shim RS, Baltrus P, Ye J, Rust G. 2011. Prevalence, treat-
ment, and control of depressive symptoms in the United
States: results from the National Health and Nutrition

Dot &

72.

73.

74.

75.

76.

71.

78.

79.

81.

82.

83.

84.

85.

1475

Examination Survey (NHANES), 2005-2008. J Am Board
Fam Med 24: 33-38.

. Pirkis J, Pfaff J, Williamson M, Tyson O, Stocks N, Goldney

R, Draper B, Snowdon J, Lautenschlager N, Almeida OP.
2009. The community prevalence of depression in older
Australians. J Affect Disord 115: 54-61.

Solhaug HI, Romuld EB, Romild U, Stordal E. 2012. In-
creased prevalence of depression in cohorts of the elderly:
an 11-year follow-up in the general population-the HUNT
study. Int Psychogeriatr 24: 151-158.

Roh MS, Jeon HJ, Kim H, Han SK, Hahm BJ. 2010. The
prevalence and impact of depression among medical stu-
dents: a nationwide cross-sectional study in South Korea.
Acad Med 85: 1384-1390.

Lee S, Tsang A, Huang YQ, He YL, Liu ZR, Zhang MY,
Shen YC, Kessler RC. 2009. The epidemiology of depres-
sion in metropolitan China. Psychol Med 39: 735-747.
Mulsant BH, Ganguli M. 1999. Epidemiology and diagnosis
of depression in late life. J Clin Psychiatry 60 Suppl 20:
9-15.

Eaton WW, Anthony JC, Tepper S, Dryman A. 1992. Psycho-
pathology and attrition in the epidemiologic catchment area
surveys. Am J Epidemiol 135: 1051-1059.

de Graaf R, Bijl RV, Smit F, Ravelli A, Vollebergh WA.
2000. Psychiatric and sociodemographic predictors of attri-
tion in a longitudinal study: The Netherlands Mental Health
Survey and Incidence Study (NEMESIS). Am J Epidemiol
152: 1039-1047.

Chang SM, Hahm BJ, Lee JY, Shin MS, Jeon HJ, Hong
JP, Lee HB, Lee DW, Cho MJ. 2008. Cross-national differ-
ence in the prevalence of depression caused by the diag-
nostic threshold. J Affect Disord 106: 159-167.

Hoang MT, DeFina LF, Willis BL, Leonard DS, Weiner MF,
Brown ES. 2011. Association between low serum 25-hy-
droxyvitamin D and depression in a large sample of healthy
adults: The Cooper Center Longitudinal Study. Mayo Clinic
Proc 86: 1050-1055.

. Jaddou HY, Baticha AM, Khader YS, Kanaan SH, El-

Khateeb MS, Ajlouni KM. 2012. Depression is associated
with low levels of 25-hydroxyvitamin D among Jordanian
adults: results from a national population survey. Eur Arch
Psychiatry Clin Neurosci 262: 321-327.

Kjergaard M, Joakimsen R, Jorde R. 2011. Low serum 25-
hydroxyvitamin D levels are associated with depression in
an adult Norwegian population. Psychiatry Research 190:
221-225.

Lee DM, Tajar A, O'Neill TW, O'Connor DB, Bartfai G,
Boonen S, Bouillon R, Casanueva FF, Finn JD, Forti G,
Giwercman A, Han TS, Huhtaniemi IT, Kula K, Lean ME,
Punab M, Silman AJ, Vanderschueren D, Wu FC, Pendleton
N. 2011. Lower vitamin D levels are associated with depres-
sion among community-dwelling European men. J Psycho-
pharmacol 25: 1320-1328.

Hoogendijk WJ, Lips P, Dik MG, Deeg DJ, Beeckman AT,
Penninx BW. 2008. Depression is associated with decreased
25-hydroxyvitamin D and increased parathyroid hormone
levels in older adults. Arch Gen Psychiatry 65: 508-512.
Cassidy-Bushrow AE, Peters RM, Johnson DA, Li J, Rao
DS. 2012. Vitamin D nutritional status and antenatal depres-
sive symptoms in African American women. J Womens
Health (Larchmt) 21: 1189-1195.

Lapid MI, Cha SS, Takahashi PY. 2013. Vitamin D and de-
pression in geriatric primary care patients. Clin Interv Aging
8: 509-514.



1476

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

Pan A, Lu L, Franco OH, Yu Z, Li H, Lin X. 2009. Associ-
ation between depressive symptoms and 25-hydroxyvitamin
D in middle-aged and elderly Chinese. J Affect Disord 118:
240-243.

Zhao G, Ford ES, Li C, Balluz LS. 2010. No associations
between serum concentrations of 25-hydroxyvitamin D and
parathyroid hormone and depression among US adults. Br
J Nutr 104: 1696-1702.

Nanri A, Mizoue T, Matsushita Y, Poudel-Tandukar K, Sato
M, Ohta M, Mishima N. 2009. Association between serum
25-hydroxyvitamin D and depressive symptoms in Japanese:
analysis by survey season. Eur J Clin Nutr 63: 1444-1447.
Koo S, Park K. 2014. Associations of serum 25(OH)D levels
with depression and depressed condition in Korean adults:
results from KNHANES 2008-2010. J Nutr Health 47: 113-
123.

Eskandari F, Martinez PE, Torvik S, Phillips TM, Sternberg
EM, Mistry S, Ronsaville D, Wesley R, Toomey C, Sebring
NG, Reynolds JC, Blackman MR, Calis KA, Gold PW,
Cizza G. 2007. Low bone mass in premenopausal women
with depression. Arch Intern Med 167: 2329-2336.

Chan R, Chan D, Woo J, Ohlsson C, Mellstrom D, Kwok
T, Leung P. 2011. Association between serum 25-hydroxy-
vitamin D and psychological health in older Chinese men
in a cohort study. J Affect Disord 130: 251-259.
Brouwer-Brolsma EM, Feskens EJ, Steegenga WT, de Groot
LC. 2013. Associations of 25-hydroxyvitamin D with fast-
ing glucose, fasting insulin, dementia and depression in
European elderly: the SENECA study. Eur J Nutr 52: 917-
925.

Tolppanen AM, Sayers A, Fraser WD, William D, Lewis
G, Zammit S, Lawlor DA. 2012. The association of serum
25-hydroxyvitamin D3 and D, with depressive symptoms in
childhood—a prospective cohort study. J Child Psychol
Psychiatry 53: 757-766.

Jorde R, Sneve M, Figenschau Y, Svartberg J, Waterloo K.
2008. Effects of vitamin D supplementation on symptoms
of depression in overweight and obese subjects: randomized
double blind trial. J Intern Med 264: 599-6009.
Kjaergaard M, Waterloo K, Wang CE, Almas B, Figenschau
Y, Hutchinson MS, Svartberg J, Jorde R. 2012. Effect of
vitamin D supplement on depression scores in people with
low levels of serum 25-hydroxyvitamin D: nested case-con-
trol study and randomised clinical trial. Br J Psychiatry 201:
360-368.

Bertone-Johnson ER, Powers SI, Spangler L, Larson J,
Michael YL, Millen AE, Bueche MN, Salmoirago-Blotcher
E, Wassertheil-Smoller S, Brunner, Robert L, Ockene I,
Ockene JK, Liu S, Manson JE. 2012. Vitamin D supple-
mentation and depression in the women's health initiative
calcium and vitamin D trial. A4m J Epidemiol 176: 1-13.
Hogberg G, Gustafsson SA, Héllstrtom T, Gustafsson T,
Klawitter B, Petersson M. 2012. Depressed adolescents in
a case-series were low in vitamin D and depression was

.
2T

. uk
-

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

7

ameliorated by vitamin D supplementation. Acta Paediatrica
101: 779-783.

Bertone-Johnson ER, Powers SI, Spangler L, Brunner RL,
Michael YL, Larson JC, Millen AE, Bueche MN, Salmoirago-
Blotcher E, Liu S, Wassertheil-Smoller S, Ockene JK,
Ockene I, Manson JE. 2011. Vitamin D intake from foods
and supplements and depressive symptoms in a diverse
population of older women. Am J Clin Nutr 94: 1104-1112.
Anglin RE, Samaan Z, Walter SD, McDonald SD. 2013.
Vitamin D deficiency and depression in adults: systematic
review and meta-analysis. Br J Psychiatry 202: 100-107.
Ju SY, Lee YJ, Jeong SN. 2013. Serum 25-hydroxyvitamin
D levels and the risk of depression: A systematic review
and meta-analysis. J Nutr Health Aging 17: 447-455.
Shinpo K, Kikuchi S, Sasaki H, Moriwaka F, Tashiro K.
2000. Effect of 1,25-dihydroxyvitamin D3 on cultured mes-
encephalic dopaminergic neurons to the combined toxicity
caused by L-buthionine sulfoximine and 1-methyl-4-phe-
nyl pyridine. J Neurosci Res 62: 374-382.

Jorde R, Waterloo K, Saleh F, Haug E, Svartberg J. 2006.
Neuropsychological function in relation to serum para-
thyroid hormone and serum 25-hydroxyvitamin D levels.
The Tromse study. J Neurol 253: 464-470.

Brown J, Bianco JI, McGrath JJ, Eyles DW. 2003. 1,25-
Dihydroxyvitamin D3 induces nerve growth factor, pro-
motes neurite outgrowth and inhibits mitosis in embryonic
rat hippocampal neurons. Neurosci Lett 343: 139-143.
Newmark HL, Newmark J. 2007. Vitamin D and Parkin-
son's disease —a hypothesis. Mov Disord 22: 461-468.
Garcion E, Wion-Barbot N, Montero-Menei CN, Berger
F, Wion D. 2002. New clues about vitamin D functions
in the nervous system. Trends Endocrinol Metab 13: 100-
105.

Levin A, Bakris GL, Molitch M, Smulders M, Tian J,
Williams LA, Andress DL. 2007. Prevalence of abnormal
serum vitamin D, PTH, calcium, and phosphorus in patients
with chronic kidney disease: results of the study to evaluate
carly kidney disease. Kidney Int 71: 31-38.

Institute of Medicine. 2011. Dietary reference intakes for
calcium and vitamin D. National Academies Press, Wash-
ington, DC, USA. p 12.

Holick MF, Binkley NC, Bischoff-Ferrari HA, Gordon
CM, Hanley DA, Heaney RP, Murad MH, Weaver CM.
2011. Evaluation, treatment, and prevention of vitamin D
deficiency: an Endocrine Society clinical practice guideline.
J Clin Endocrinol Metab 96: 1911-1930.

Peppone LJ, Huston AJ, Reid ME, Rosier RN, Zakharia
Y, Trump DL, Mustian KM, Janelsins MC, Purnell JQ,
Morrow GR. 2011. The effect of various vitamin D supple-
mentation regimens in breast cancer patients. Breast Cancer
Res Treat 127: 171-177.

Pearce SH, Cheetham TD. 2010. Diagnosis and manage-
ment of vitamin D deficiency. BMJ 340: b5664.



