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Table 1. Comparison of vitamin D, calcium, phosphorous, magnesium and parathyroid hormone levels of
horsese with different skin type/color

Skin type/ Vitamin D . Phosphorous Magnesium
color No ng/ml Calcium mgfdl mg/dI mg/dI PTH pg/ml
White 29 24.13+4.8la | 14.83+1.49a 3.53+0.93a 1.73+0.57ab | 42.57 +7.50a
Black 22 24.67+4.93a | 13.02 +£1.26b | 3.37 +0.65a 1.24 +0.27b 40.05 +5.39%a
Grey 20 | 26.80+6.67a | 13.80+1.22ab | 3.77+1.09a | 1.89+0.62ac | 42.08 + 9.46a
Reddish | 59 | 24.4745.90a | 14.30+164ab | 357+00la | 180+060ad | 39.56 %931

Table 2. Comparison of the effect of gestational age on the serum vitamin D, calcium, phosphorous,
magnesium and parathyroid hormone levels in horses

Gestational No Vitamin D Calcium mg/dl Phosphorous | Magnesium PTH pg/mi
age/m mg/dI mg/dI
<3 10 | 27.73+6.64a | 13.85+1.71a | 3.21+0.90a | 1.72+0.61a | 43.03+8.80a
3-7 16 | 26.17+3.61a | 14.45+1.50a | 3.44+0.76a | 1.67 +0.51a | 40.33 + 5.69ba
7< 20 | 25.63+3.70a | 14.15+1.84a | 3.10+0.85a | 1.82+0.55a | 38.88 +9.88a
Non- 69 | 27.13+5.80a | 14.75+1.54d | 3.30+0.99a | 2.04+0.62a | 41.59+5.70a
pregnant
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Table 3. Comparison of the serum vitamin D, calcium, phosphorous, magnesium and parathyroid

hormone in horses with different age

Age No Vitamin D Calcium mg/dl Phosphorous | Magnesium PTH pg/ml
groups mg/dl mg/dI
1< 12 | 21.96+230a | 13.62+1.92a | 579+155a | 1.76 £0.65a | 37.93+6.04a
1-3 31 | 27.52+4.79b | 13.72+1.57a 4.17+1.05b 2.19+0.80a | 37.76 +6.82a
3-6 29 | 27.15%5.00b | 14.35+1.45a 3.70+ 1.36b 2.00+0.67a | 38.09 +6.92a
6-12 37 | 23.35+5.30ca | 14.15+1.43a 3.23+0.77h 1.76+0.63a | 46.73 +4.45b
>12 13 | 22.60 +4.25hd | 14.84+0.79a 2.91+0.72¢ 1.97+0.04a | 39.93+ 7.03a
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Table 4. Comparison of the effect of sunlight exposure time on the serum vitamin D, calcium,

phosphorous, magnesium and parathyroid hormone in horses

ef;(;!:ﬂz}h No Vitamin D Calcium mg/dl Phorsn%r}gious Ma?T?;/Sd';J m PTH pg/ml
4-6 19 | 27.34+4.62a 14,98 + 1.58a 495+0.99a | 2.01+0.87a 35.33+7.63a
2-4 42 | 27.74+3.99ab | 14.61+ 1.43ab 4.13+1.59b 1.62 + 0.48a 40.29 + 7.25ba
1 49 | 23.37 £5.09bc | 14.36+ 1.43abc | 3.79+1.34cb | 1.90+0.60a | 40.05 + 11.66abc
0.5 38 | 23.29 +4.60bd 12.68+ 0.86d 3.29+1.09cd | 1.79+0.81a 44.34 + 9.32cd
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Table 5. Comparison of the the serum vitamin D, calcium, phosphorous, magnesium and parathyroid

hormone in horses with different parity.

Parity No V':]Zr}m D Calcium mg/dl Pho;pgr}g:ous Ma%];/fj';j m PTH pg/ml
1 8 |3155+554a | 15.93+1.60a | 3.51+0.80a | 1.90+0.76a | 39.84+3.34a
2 5 | 25.9145.27a | 14.60+1.28ab | 3.92+1.14ab | 1.82+0.68a | 43.84+7.17a
3 8 | 24.43+2.77a | 14.40+1.42ab 3.47+ 0.62b 1.80+ 0.66a | 41.13 +6.04a
4 5 | 20.06 £7.54b | 13.20+ 0.80b 2.95+ 0.50c 2.27+0.78a | 54.21+13.74ab
5 7 | 22.90+5.30b | 13.70+1.00b | 2.41+0.34cd | 2.07+0.57a | 65.21+17.10b
6andb6< | 8 | 21.15+5.40b | 13.12+0.55a 2.52+ 0.55d 2.12+0.64a | 65.86 +17.37b
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Table 6. Comparison of the effect of breed and location on the serum vitamin D, calcium, phosphorous,
magnesium and parathyroid hormone in horses

Breed/Location | No | VitaminD Cra:]lgc;gr Pho:n[;hlgious Ma?nn;/s(,jllu m PTH pg/mi
Arab/Yazd 126 | 27.33 +4.76a | 14.09 £1.55a | 3.95+1.33a | 1.90 £0.76a | 40.91+7.79a
Dareshouri/Yazd | 24 | 28.56 +5.55a | 13.42+ 1.56a | 2.97+0.54b | 1.82 +0.68a | 39.40 + 7.98a
Kord/Ardabil 14 | 21.65 +4.32b | 14.42+ 0.50a | 3.94 +1.47ab | 1.80+0.66a | 38.52 £ 5.72a
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Table 7. Comparison of the effect of sex on the serum vitamin D, calcium, phosphorous, magnesium and

parathyroid hormone in horses
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Vitamin D . Phosphorous | Magnesium
Horse gender No ng/mi Calcium mg/dl mo/dl ma/dl PTH pg/ml
Male 55 | 23.95+5.14a | 1435+1.61a | 430+152a | 1.94+0.76a | 38.92+7.23a
Female 105 | 26.40+4.66b | 14.08+1.52a | 3.54+1.02b | 1.77 +0.66a | 39.79 + 7.83a

53D el s el antlis 2 gsleze sladlu sl

P 2 SISl 5 Ol (6,8 IS 5 S Sl e
03 ool ol A eadate dal gl S s SO s
Calies gla g slen b of L3I Sl il gla s,
BERRRGIV S W2 s VO T ST I VR Y PV S 1
s 3,Shas A LD gl g sn bLII Ll
Lile la oy sl lsdl O Cwslie 5 ]
35155055 e sasolen 5 Ol 5 Sliwy Ol
.(Chietal. 2019, Keum et al. 2019) .l o 3,5
S Jlse 5D el Cansy 3 90 55 Gl Slallae
ol 0l plmil (5 b laslS 3 0T o e
Horst et al. 1994, Casas et al. 2015, Holcombe et )
ol o Sl LS el 3 J= ool LGl 2018

V¥ Glicusy oF o jlach canaad oy 90 () g (S jiola da s || OF




Bl D bty g sy Sllie  ams 5 K580 508 sl 2ol 5 8 oy

Hymaller ) il oo o Soe Ol fad ;3 D sl
cl:;.w Sy «Jlas (et al. 2015, Leary et al. 2017
ol U 1S ol il bl 23S GlaslE D el
DL e 5 B Ol ax 3 VPV LUl 5 e
ladlas 53 J> 1L (Nelson et al. 2016) <ol osls
Lkt gl Sl glacl D Orles o Clﬁ-w sl
o b K S L LU s L
ol Ol (ls gme OISl a3 YAA Ll s
e o = asllas 5> (Pozzaetal. 2014) .
03 5 2 35 slaawd) sp glacd D el
Jeosl el baz pa YVA QL a5 0 L ()54
s YAY LUslas oo Lo (63 S sls slacd)
Slaes G 5155 Las sl 0L (s me 3D
Gl 4y b gy e Y| ls pne ol ol e 3l
s A e a3 3 Ayt 5 AL Ol
T Sl S 5 adlaie 53 53 baisl (515 0 5
SWlae bl 5 db= o w asl asldS D by
Sde 5 Dl Sl 4 S Oy Sl ol 2 s
Sl oS ad g Jalpe 1A s SR Ol
Gble 5o Ldl e Cny 3 el W5 Dl
o dgb 53 a3 YO pWdlir (20 25 2Ulax
el opl e 6l i slsle gandl GBS Sk
Sl ) 5L bl 53 s sph e il
55 Sl s oS Oln 53 Gl Olsee e obsol slay 5iS
shle nl 53 s e 4 5 S 5 oS D li
0 5l 3550 D el s el (51 b JaSe S eslin
(Tsiaras et al. 2011) col ol a4 5
Bl 5 e S 315 D el 3 S s anllas
315 50 Co el g opl o e lkis oS Sl 0303 OLES
oo rews ps sl 3590 55 gl S W N fb
e e 5o ol aalles laasl ulal o

23 Sop s 5 oo ol gl Dol o

[ala) \f~\C,C\u.mjfcJM‘ﬁmané‘olﬁ|é&‘}#&h4ﬂJﬁﬁ

P 03 SS B e = Sl 2l 5s (2015
3 OB e > Sy ey Al 5 AL
S5 Joe 2Bl 25 5 Sl iS5 Gl s
D (el s oy oo S o ol falge 51 e
Brouwer -Brolsma et al. 2015, ) .l old o s
.(Tonnesen et al. 2016, Lee et al. 2018

Aedy 2 g Sy elysle axdl 358 5 LU s 4
SV Cws a0 (el YAO-TVO Cib)
D3 cueltssp 4 5 ansls Uyl bad e Js 2ads
bl 5 odd o gl 355 w4 3 &S 3pd e LS
s g b Al o 53 53 S 5 nl XS 0 Ds el
oS b Sla 3T Sy o 0 S s Il sl 0 3
5248 3,8 o I3 Ds sl s S sodes YO 5 0l
S aadS 305 a4 il Gladl 55 095 (gl s
Ol (oS ooAA YO 5 ) 4 e 55 O DS 5 dn o
Ssdig hdS Sl O 53 el g ol b |SSE 4 Ds
Ol gy oldles  (Hymgller and Jensen 2015)
DAL g Ol il a8 el esls OLES
O A s el elea Dy pelis e a5 LB
Lo 313 el (6 5 S JaSe L5 & 5l sy
ol b (Vanchinathan and Lim 2012) .,ls s
S ol sl g OpelieSy Ol -
il (Bl 035 D sl 5 Slad b e gy ol 555
Glapls IS Cle w4 0l Ol skl 5 ol
e 20 a3 g o s 5 oSSl 3 andllas 5 0
ol 0335 oS gy O goliaSy U kg5
G S L s ol aslllas slaasl (Sorgeetal. 2013)
-4 Slal sdas 45 pl iy 4 3,03 Sl pSeen 5
o Blys 53T (Sl 4 (g3 sdomn s 0 (5 S
Klazsls Ly g5+

b Sl il S Ui 2 SRl
Sl Ol 53 OF 3508 5D sl g 2alS (gl (gl
Sl 5o b ble 5o a5l e auiS S g5k«
© oS wSedeY LS s O) Sl YL




ils g0 ol S Jie M5 S 58l
Ll D sl s las 2 2al30S5 3151 a1 sl
Sl 336 (6 ek sl sl anllan 45 s o mees 53
il leSa b gola e BLIE el s ol go e
Sylse 55 d= ol L (Holcombe et al. 2018) ..
Slp 65 Sl ke Jels G 15 oS8 SR L
Andersen ) ol sl el sl s ol 3508 5 ol U
ol aallls 55 cemea (etal. 2013, Aji et al. 2019
D ol s slie o ols e U ol o 5 il
plao bl bl 53 b 5 3l aobsle o
8 3 el 35050 31 SN il 8 Olsle o ol
el (b 53 el (S sl 5L I
AL by e
VD aliys oo o Sl aalllan slaaly
S os ol sl Ol ok S a s baobsle s
ST glas s i slacd jsam Oley Jdre 45 ol
035 (Sl YY) sle slacal 1 50 (ol 1/00)
NS bl p e Dl s Slie 5 i S o
Rl e sl 3 SlE 5 ameenl 3Ll el
Effati et al. ) ol odlil sdalive o 55 o el
e s gae 0Ll s Slsls Sldles (2018
o3 bl ol 53 el el 0L D el 5 o
oWl 5 508 065 53 puelus opl mhaw SIS
oS el o3 Sk 55 OTL ks e slags e
Wosﬁf”\ﬂ{qbgbjﬁD el g go e HlAde O3 5
4 Ok el g blesls Cod Lol oW S
LS 0 S Ol 0355 o iwd 53 3D sluy el
Verdoia et al. 2015, Chakhtoura et al. 2018,)
Gk Sldles o5 6 b 1 .(Muscogiuri et al. 2019
Iy Ols e a4 Cund OU3 55D W@jdmo;ﬁ;m)g
Loy K 55 G pae 50 35050 cpl 53 Klesls 0L
oy L Ols e il (6850 L 5 melgzr (2 02 Ol s
T O3 Foml e ) odedg o glala 3 5k
Sangheraetal. 2017, Vallejo ) les S Olse D ol

O Ken g ol Lo jdeme (SISl Alo ol

sl el A s g 5 (gl e L 5 5 (gadlate
o G Do elus Somb e e b S e
.M&&qdih)y)bgudsxéﬁﬁh)‘w

oels e e U5 Sl sl addlae s
YUK e slaos S aS sosb 4 as e ¢ D
O 5 oS el 5 Akl el D peliy s Cons s
éa.d O3y S e andllas cpl js spls Sl
e 3 el pl Clale 035 (oS dae S 0 D el
u;uvsagjgjsnjidw)g Lapls cpl 508 s>
s (Pozzaetal. 2014) ol ol Olge iyt 56
Lapls & S o s b 4 a5 L Slidl 515
0351 4 5 3590 o Dyl s Slie e Rl 56
QLfﬂ.l&}qu;ibﬁlbﬂksw‘aMaJ\buuq}
OLES Bl ol 53 by o 281 (el s ol mlaw L
MJJ@ﬁJ)M&))M—V)‘MASoMaJ\J
Tsiaras ) b o J2als 4o 3 PO U Sl 4 i YL
“aadlls 3 b ol bl il 285 D by s elans
oS 5 o o PLN et (et glasl 55
Sl 0D C,Jli D wﬁtﬂ} P C]a.w L' u,ﬁlb
Coxsy andlles s ooxes (Holcombe et al. 2018)
VWL 5 LY o) e o gleazd Dl
.(Effati et al. 2018) loslS

s gl oo Okl (15 WS e
O Jlde s a4 sl hals o505 51 sls QLS D sl 5
Obojon g luly e 53 L 0 2alS (515 ae 5 4b 4
IR e lS 4 5l Rl Sl S ks el o
D by JoSo i datlisle 53 Jil5eSis Sl 53l

V¥ Glicusy oF o jlach canaad oy 90 () g (S jiola da pulis || OF




Bl D bty g sy Sllie  ams 5 K580 508 sl 2ol 5 8 oy

D ueliss o e slie o 313 OLES 5l anlllas ol

o 03 33k Lad 3 g Ol U o e
JA GWlar (B s i (e Bl o8 AU
A 0T 5 gal 5 315 (sl iy Sy 5 a3 S

Ll aslg

08 Aok S3bos s 5L glad s bobsle 5t
4 Coed LOI D by Jlie 538 Corgn Al

b et Lol

&‘b)-’j K] ,S.wa:'"

A{L;':\J)Jé)fgi Mﬁ}iu'il(’l’”‘ L;LaLﬁLv)v\ﬁt lej. J;Jeie@b ’_....A." j}:rw“ CJ)L:MJ'\ A.L:Nu_}u,“:.b

@l o)l
gy allan 5 il L5l

S pls

C,.m‘e.li)j;wﬁt stj.g.&eli.;)b LS.L.A}J“.Z CA..:}M _]a..w}; uﬁl.b)ﬁ g)'i‘ L;LACL\A

Aji, A.S., Erwinda, E., Yusrawati, Y., Malik, S.G.,
& Lipoeto, N.I. (2019). Vitamin D deficiency
status and its related risk factors during early
pregnancy: a crosssectional study of pregnant
Minangkabau  women, Indonesia. BMC
Pregnancy and Childbirth, 19,183.

Andersen, L.B., Abrahamsen, B., Dalgrad, C., Kyhl,
H.B. Beck-Nielsen, S.S., Frost-Nielsen, M., et al.,
(2013). Parity and tanned white skin as novel
predictors of vitamin D status in early pregnancy:
a population-based cohort study. Clinical
Endocrinology, 79, 333-341.

Breidenbach, A., Schlumbohm, C., & Harmeyer,
J.(1998). Peculiarities of vitamin D and of the
calcium and phosphate homeostatic system in
horses. Veterinary Research, 29,173-186.

Brouwer-Brolsma, E.M., Vaes, AM.M., van der
Zwaluwa, N.L., van Wijngaardena, J.P., Swart,
K,M,A., Ham, A.C., van Dijk, S.C., et al., (2016).
Relative importance of summer sun exposure,
vitamin D intake, and genes to vitamin D status in
Dutch older adults: The B-PROOF study. Journal
of Steroid Biochemistry and Molecular Biology,
164,168-176.

Casas, E., Lipolis, J.D., Kuehn, L.A., & Reinhardt
T.A (2015). Seasonal variation in vitamin D status

% \f~\Qt’\u.mjfcJLAﬁ“aAA.;AaJ‘QA‘Qb:ﬂuS&‘}#AlA@JﬁL

cu
of beef cattle reared in the central United States.
Domestic Animal Endocrinology, 52, 71-74.

Chai, B., Gao, F., Wu, R., Dong, T., Gu, C., Lin, Q.,
& Zhang, Y. (2019). Vitamin D deficiency as a
risk factor for dementia and Alzheimer’s disease:
an updated meta-analysis. BMC Neurology 19:
284.

Chakhtoura, M., Rahme, M., Chamoun, N., & EI-
Hajj Fuleihan, G. (2018) Vitamin D in the Middle
East and North Africa. Bone Reports, 8, 135-146.

Dittmer, K., & Thompson, K. (2011). Vitamin D
metabolism and rickets in domestic animals: a
review. Veterinary Pathology, 48, 398-407.

Effati, N., Mohammadi, M., Nazifi, S., &
Rahimabadi, E (2018). Serum profiles of calcium,
phosphorus, magnesium, vitamin D and
parathyroid hormone in Caspian horses during
different seasons. Caspian  Journal of
Environmental Sciences, 16, 85-92.

Greene-Finestone, L., Berger, C. deDe. Groh. M.,
Hanley, D., Hidiroglou, N et al., (2011). 25-
Hydroxyvitamin D in Canadian adults: biological,
environmental, and behavioral correlates.
Osteoporosis international, 22,1389-1399.




Holcombe, S.J., Wisnieski, L., Gandy J., Norby, B.,
& Sordillo, L.M. (2018). Reduced serum vitamin
D concentrations in healthy early-lactation dairy
cattle. Journal of Dairy Sciences, 101, 1-7.

Horst, R.., Goff, J., & Reinhardt, T (1994). Calcium
and Vitamin D Metabolism in the Dairy Cow.
Journal of Dairy Science, 77, 1936-1951.

Hymgller, L., & Jensen, S.K (2010). Vitamin D3
synthesis in the entire skin surface of dairy cows
despite hair coverage. Journal of Dairy Science,

9, 209-2025.

Hymaller, L., & Jensen, S.K. (2015). We know next
to nothing about vitamin D in horses. Journal of
Equine Veterinary Sciences, 35, 785-793.

Keum, N., Lee, D.H., Geenwood, D.C., Manson,
J.E., & Giovannucci, E. (2019). Vitamin D
supplementation and total cancer incidence and
mortality: a meta-analysis of randomized
controlled trials. Annals of Oncology, 30, 733-
743.

Leary, P.F., Zamfirova, I., Au, J., & McCracken,
W.H. (2017). Effect of Latitude on Vitamin D
Levels. Journal of American Osteopathic
Association, 117, 433-439.

Lee, D.H., Park, K.S., & Cho, M.C. (2018).
Laboratory confirmation of the effect of
occupational sun exposure on serum 25-
hydroxyvitamin D concentration. Medicine, 97
(27), e11419.

Muscogiuri, G., Barrea, L., Di Somma, C., Laudisio,
D., Salzano, C., Pugliese, G., et al., (2019). Sex
Differences of Vitamin D Status across BMI
Classes: An Observational Prospective Cohort
Study. Nutrients; 11, 3034,
doi:10.3390/nu11123034.

Nelson, C.,D., Powell, J.L., Price, D.M., Hersom
M,J.. Yelich, J,V., Drewnoski, M.E., et al.,
(2016). Assessment of serum 25-hydroxyvitamin
D concentrations of beef cows and calves across
seasons and geographical locations. Journal of
Anim Science, 94,3958-3965.

Pozza, M.E., Laewsakhorn, T., Trinarong, C.,
Inpanbutr, N., & Toribio, R.E. (2014). Serum
vitamin D, calcium, and phosphorus

O Ken g ol Lo jdeme (SISl Alo ol

concentrations in ponies, horses and foals from
the United States and Thailand. The Veterinary
Journal, 199, 451-6

Saastamoinen, M., & Juusela, J. (1992). Influence of
dietary supplementation on serum vitamin A and
D concentrations and their seasonal variation in
horses. Agricultural Science Finland, 1, 477-482.

Sanghera, D.K., Sapkota, B.R., Aston, C.E., &
Blackett, B.R. (2017). Vitamin D Status, Gender
Differences, and Cardiometabolic Health
Disparities. Annals of Nutrition and Metabolism,
70, 79-87.

Sorge, U.S., Molitor, T., Linn, J., Gallaher, D., &
Wells, S.W. (2013). Cow-level association
between serum 25-hydroxyvitamin D and
Mycobacterium avium subspecies
paratuberculosis antibody seropositivity: A pilot
study. Journal of Dairy Science, 96, 1030-1037.

Tennesen, R., Hovind, P.H., Jensen, L.T., &
Schwarz, P. (2016). Determinants of vitamin D
status in young adults: influence of lifestyle,
sociodemographic and anthropometric factors.
BMC Public Health, 16, 385.

Tsiaras, W,G., & Weinstock, M.A. (2011). Factors
Influencing Vitamin D Status. Acta Dermo
Venereologica, 91, 115-124.

Vallejo, M.S., Blumel, J.E., Arteaga, E., Aedo, S.,
Tapia, V., Araos, A., et al.,, (2020). Gender
differences in the prevalence of vitamin D
deficiency in a southern Latin American country:
a pilot study. Climacteric,
DOI:10.1080/13697137.2020.1752171

Vanchinathan, V., & Lim, HW. (2012) A
Dermatologist’s Perspective on Vitamin D. Mayo
Clinic Proceedings, 87, 372-380.

Verdoia, M., Schaffer, A., Barbieri, L., Di Giovine,
G., Marino, P., Suryapranata, H., & De Luca, G
(2015). Impact of gender difference on vitamin D
status and its relationship with the extent of
coronary artery disease. Nutrition, Metabolism
and Cardiovascular Diseases, 25, 464-70.

Received: 09.09.2020
Accepted: 22.01.2021

V¥ Glicusy oF o jlach canaad oy 90 () g (Sl jola da puis || OA




Vol. 18, No. 4, Winter, 2023 Original Article

DOI: 10.22055/1VJ.2021.247567.2297
DOR: 20.1001.1.17356873.1401.18.4.5.9

The effect of various physiological and environmental factors on
serum vitamin D concentration in horses

Naser Salehi-Ardakani', Mohammad Reza Aslani®*, Afshin Jafari-Dehkordi®
and Abdonnaser Mohebbi?®

1 DVSc student of Large Animal Internal Medicine, Faculty of Veterinary Medicine, University of Shahrekord,
Shahrekord, Iran
2 Professor, Department of Clinical Sciences, Faculty of Veterinary Medicine, University of Shahrekord,
Shahrekord, Iran
3 Associate Professor, Department of Clinical Sciences, Faculty of Veterinary Medicine, University of
Shahrekord, Shahrekord, Iran

Received: 09.09.2020 Accepted: 22.01.2021

Abstract

Vitamin D as a fat-soluble vitamin is essential for calcium and phosphorus homeostasis and normal skeletal
growth and development. Furthermore, association of vitamin D with infectious and non-infectious diseases and
malignancies has been shown in a large growing body of literature. However, limited reports about the status of
vitamin D in domestic animals particularly in horses are available. In this study blood samples were collected from
160 horses in Yazd and 15 horses in Ardabil area. The sera were analyzed for vitamin D, calcium, phosphorous,
magnesium and parathyroid hormone using standard methods. Serum vitamin D was significantly higher in age
groups of 1-3 and 3-6 years, first, second and third parity, in Yazd in comparison with Ardabil area and female
horses. Also, more than 4 hours of exposure to sunlight had a positive significant effect on blood vitamin D levels
in horses. The horse color, breed and pregnancy were not significantly associated with vitamin D concentrations.
In conclusion, altitude, gender, more than 4 hours sunlight exposure, parity and age are associated with vitamin D
levels in horses, while color, breed and pregnancy had not any effect on this vitamin levels in horses.
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