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Clinical hypocalcemia: health and reproduction
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* Milk fever cows are :
— 8 times more likely to get mastitis
— 3 times more likely to suffer from dystocia
— 2 —3 times more likely to suffer from retained placenta
— 2 —4 times more likely to develop DA (Houe et al., 2001)

* Likely to have a longer calving to conception interval
(12 days longer) (Borsberry and Dobson, 1989)

* Likely to require more services per conception (40 —
50% more services per conception)
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Fig. 3. Cox Proportional-Hazard curves for time to pregnancy in the first 120 DIM for
eucalcemic animals (eucalcemia; n = 19; solid line), subclinical hypocalcemia (SCH;
n = 45; dashed line) or chronic subclinical hypocalcemia (cSCH; n = 33; dotted line).
Compared to the eucalcemic group the hazard ratio for subclinical hypocalcemic cows
was 0.63 (95% CI = 0.33—-1.23; P=0.2) and 0.71 for chronic SCH (95% CIl = 0.36—1.39;
P = 0.3).
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Increased exposure also increased energy corrected milk yields
S hi N (Corrected for lactation number, farm, calving order) (pecaris et al., 2008)
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Increased exposure to transition also reduced
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Martinez et al., 2012
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Table 2. Incidence and adjusted risk ratio (ARR) of metritis and puerperal metritis’

)\

Incidence, %

Item (no./no.) ARR (95% CI) P-value

Metritis .
Ca status’

Normocalcemia 15.8 (6/38) Referent

Subclinical hypocalcemia 63.9 (46/72) 3.24 (1.51-6.95) <0.01
Parity

Multiparous 40.5 (30/74) efcrer

Pllmlparous 61.1 (22/36) 1.28 (0.96-1.69) 0.09
Risk group®

Low risk 27.3 (15/55) Referent

High risk 67.3 (37/55) 1.80 (1.15-2.81) <0.01

Puerperal metritis

Ca status

Normocalcemia 5 (1/38) Referent

Subclinical hypocalcemia —1—1 4 (32/72) 11.5 (1.57-83.6 <0.02
Parity

Multiparous 25.7 (19/74) ereren

Primiparous 38.9 (14/36) 1.32 (0.82-2.11) 0.24
Risk group

Low risk 14.5 (8/55) Referent

High risk 45.4 (25/55) 1.79 (0.92-3.47) 0.08

"Metritis = cows with watery fetid vaginal discharge within the first 12 DIM; puerperal metritis = metritis
concurrent with a rectal temperature >39.5°C.

*Normocalcemia = cows with serum Ca concentrations >8.59 mg/dL in the first 3 DIM; subclinical hypocalce-
mia = cows with at least 1 d with serum Ca concentration <8.59 mg/dL in the first 3 DIM.

*Low risk = normal calving; high risk = cows diagnosed with dystocia, twins, stillbirth, or retained fetal mem-
branec
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Mineral composition of diets offered to prepartum cows and
intake of minerals according to treatment group?

. cotra____________ ] | ______ Treated |

Content, % DM

(@)
Q

CI*

Intake, g/d

(@)
[+})

Mean SD Minimum and Mean SD
Maximum
0.85 0.33 0.27 to 1.56 0.95 0.37
0.37 0.09 0.23 to 0.66 0.38 0.10
0.32 0.10 0.19 to 0.68 0.38 0.10
1.56 0.63 0.93 to 3.22 1.41 0.44
0.22 0.28 0.03 to 1.60 0.16 0.08
27.08 8.80 0.16 t0 0.71 44.01  18.28
53.40  24.01 0.20 to 1.11 93.57  36.63
212.55 209.77  -62.38 to 1094.43 -50.78  121.70
98.71  45.52 23.30 to 223.08 107.46  52.82
41.80  10.72 23.66 to 66.46 4120  12.50
36.95  13.95 18.20 to 82.32 36.87  13.20
172.97  56.54 64.29 t0 372.69 154.77  51.05
24.07  25.55 1.97 t0137.60 1813 10.47
27.08 8.80 12.34 10 55.11 44.01  18.28
53.40  24.01 7.87t0136.94 93.57  36.63
2.28 1.90 -0.69t09.41 -0.64 1.32

Minimum and
Maximum

0.27 to 1.66
0.24 to 0.67
0.16 to 0.51
0.93 to 3.06
0.03t0 0.44
0.11t0 0.71
0.11to0 3.19
-245.92 to 438.65

20.87 to 272.24
21.47 t0 81.78
17.48 to 73.44

55.37 to 369.65

1.70 to 44.28
13.00 to 101.53
29.36 to 177.12

-2.80 to 3.95



Weight

Reference RR (95% Cl) (D+L)
Parous H °
Oetzel et al. JDS 1988 —_—T—————
Tucker et al. JAS 1992 —_—— Reta I n e d
Goff and Horst JDS 1997 OB (Swr, S, R
Goff and Horst JDS 1997 + 0.25 (0.01, 4.78) 112
Goff and Horst JDS 1997 - 5.00 (0.27, 92.62) 1.13
Goff and Horst JDS 1997 —_————— 0.72 (0.08, 6.82) 1.90
Joyce et al. JDS 1997 0.33 (0.01, 7.58) 0.98
Moore et al. JDS 2000 —_— 0.33 (0.04, 2.63) 2.25
Moore et al. JDS 2000 - 0.18 (0.01, 2.98) 1.21
Cozzi et al. IUAS 2004 0.50 (0.05, 4.86) 1.86
Puntenney PhD OSU 2006 0.67 (0.13, 3.35) 3.68
Puntenney PhD OSU 2006 —_———— 0.50 (0.05, 4.58) 1.95
Bluel MSc Missouri 2006 —_—— 0.50 (0.20, 1.26) 11.29
Penner et al. JDS 2008 —_———— 0.26 (0.03, 2.15) 217
Wu et al. LivSci 2008 —_—— 0.50 (0.12, 2.14) 4.54
Wu et al. LivSci 2008 Em— e e 0.55 (0.12, 2.41) 4.34
Wu et al. LivSci 2008 L — e 0.54 (0.12, 2.44) 4.24
Morrill et al. JDS 2010 —_———— 0.25 (0.03, 2.05) 217
Razzaghi et al. AAJAS 2012 0.11 (0.01, 1.86) 1.21
Weich et al. JDS 2013 —o—e—— 0.45 (0.05, 3.90) 2.07
Weich et al. JDS 2013 —_——|—— 0.32 (0.04, 2.79) 2.03
Rezac et al. JAS 2014 0.19 (0.01, 3.56) 1.10
Rezac et al. JAS 2014 0.43 (0.04, 4.25) 1.84
Leno etal. JDS 2017a —_——— 1.00 (0.32, 3.10) 7.49
Leno etal. JDS 2017a —_—————— 0.21 (0.03, 1.67) 2.21
Martinez et al. JDS 2017 —_—— 1.11 (0.45, 2.70) 12.10
Martinez et al. JDS 2017 0.33 (0.01, 7.50) 0.99
Lopera et al. JDS 2017 B e — 1.00 (0.28, 3.62) 5.79
Lopera et al. JDS 2017 —_— 0.60 (0.16, 2.27) 5.41
Oetzel et al. JDS 1988 | (Excluded) 0.00
D+L Subtotal (I-squared = 0.0%, p = 0.977) <> 0.61 (0.44, 0.84) 93.28
T
Nulliparous H
Tucker et al. JAS 1992 —_— 0.67 (0.12, 3.65) 3.32
Moore et al. JDS 2000 0.92 (0.06, 12.95) 1.37
Moore et al. JDS 2000 L 0.33 (0.02, 7.39) 1.00
Martinez et al. JDS 2017 - 0.33 (0.02, 7.02) 1.03
Martinez et al. JDS 2017 ' (Excluded) 0.00
D+L Subtotal (I-squared = 0.0%, p = 0.942) —_— 0.58 (0.17, 1.91) 6.72
T
D+L Overall (I-squared = 0.0%, p = 0.994) 8 0.61 (0.44, 0.82) 100.00
Robust Overall 0.59 (0.45, 0.78)
NOTE: Weights are from random effects analysis N
T T
.00663 1 151

Reduces i Retained



her : :
Sﬁﬁx Other Outcomes: Robust regression

RR or OR
(95% Cl)

Clinical Hypocalcemia (0.4 4gt509(7J 810) <0.01
Retained Placenta (0.4 42'533.779) 0.02
(0.273'1‘33.755) 0.01

(o.sg:tgo71.50) 0.63

Displaced Abomasum (0. 46%2231*.752) 0.73
Total Disease IR <0.01

(0.487 to 0.726)
OR-*
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Hypocalcaemia

/\ {  Immune function

\L Smooth muscle function (Ducuscin 2003, Kimura et al 2006)

(Jorgensen et al 1999)

Uterine motility

! Rumen and GIT motility L (AkEknah and Noakes 1985 Teat sphincte
(Jorgensen 1998) /\ contraction
(Goff 2008)
! DMI T Dystocia T RFM l
(Curtis et al 1983) Curti 11983, Mel
(Goff and Horst 1997) (2082;'5 eta elencez T M aStItI S
(Curtis et al 1983, Goff and Horst
) ’ ) 1997)
L Energy balance { Rumen fill { Milk Yield 4 wMetritis
(Martinez 2012, Chamberlin et al 2013) (Lean et al., 2014; 2019, Santos et al et al 2019) _
(Goff and Horst 1997, Majtinez 2012)
T Ketosis T Displaced l _ _
cusaas ¥ e > abomasum 4 Uterine involution
J (Kamgarjpour et al 1999)
T Fatty liver tis et al 1985) I

(Chamberlin et al 2013)

JReproduction

(Jonsson et al., 1999; Martinez 2012)



Skeleton and Vitamin D in
dairy cattle




g Aﬁ ransition Cattle: (Martinez et al 2018 ab: Rodney et al 2018 ab)

Oral calcidiol and DCAD treatment for 21 days prepartum,
common diet from calving to 49 DIM, diets were balanced for

metabolizable protein

TS . Detailed Physiolo
* 79 transition cows and heifers ysiology

Milk Data

Disease
Negative DCAD Positive DCAD Monitored daily to 30 DIM.
— 130 meq/kg +130 meq/kg Reproduction

Cholecalciferol
Vitamin D,
3 mg/d

Calcidiol
25-OH-D,
3 mg/d
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Results: Disease (Martinez et al., 2018)
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* Incidence of clinical hypocalcemia was 0% in negative
DCAD and 23.1% in positive DCAD.

* Subclinical hypocalcemia (iCa <1.06mM) was reduced
with a negative DCAD diet

— Negative DCAD at 0 and 1 DIM (20%, 34.3%) v positive
DCAD (69.3% and 76.5%)

* (Calcidiol reduced incidence of retained placenta (2.5%
v 30.8%) and metritis (23.1% vs 42.2%).

* Cows fed negative DCAD and calcidiol had reduced
morbidity compared with all 3 other treatments.

18



’ﬁ DCAD and Vitamin D
NY 7.0 1 N

Table 6. Cox’s proportional hazard model for time to pregnancy in cows fed 2 levels of DCAD and 2 sources of vitamin D prepartum’

9
Days to pregnancy

Variable Median (95% CI) Mean + SEM Pregnant, % AHR' (95% CI) P-value
DCAD'

Positive 144 (79 to 179) 151 £ 13 76.5 Referent

Negative 150 (133 to 183) 165 11 80.2 0.84 (0.50 to 1.39) 0.49
Vitamin D

Cholecalciferol 163 (135 to 183) 166 £ 12 7.2 Referent

Calcidiol 144 (110 to 150) 150 £ 11 84.2 1.55 (0.92 to 2.61) 0.10
Parity

Parous 163 (144 to 184) 12+ 11 7.1 Referent

Nulliparous 114 (76 to 144) 130 £ 10 82.9 1.76 (1.03 to 3.02) 0.04

'Prepartum cows at 252 d of gestation were fed diets with either positive (+130 mEq/kg) or negative (-130 mEq/kg) DCAD and containing
either 3 mg of cholecalciferol or 3 mg of calcidiol.

"Pregnancy was hased on the diagnosis on d 70 after each Al within the first 305 DIM.
*AHR = adjusted hazard ratio.
“Interaction between level of DCAD and source of vitamin D was not significant and dropped from final model.

19



SAA Calcidiol and reproduction Golder et al., (in review)

Cows from 4 dairies with prepartum transition diets formulated
to have negative DCAD

* Experiment 1; cows were assigned to Control [n = 645; no 25-
(OH)D3] or Treatment [TRT; n = 537; 2 mg/d of 25-(OH)D3 from
~21 d prepartum to parturition and 1 mg/d in lactation.

* Experiment 2; cows (n = 2,064; median 147 DIM) in 4 groups and
monitored Exp 1 to the end of that lactation (L1), subsequent
transition (~21 d prepartum to parturition) and lactation (L2).

* Groups were as follows, with the mg/d of 25-(OH)D3 fed
indicated in brackets for L1, transition, and L2, respectively: (A)
Control-control (CON-CON; 0 — 0 - 0), (B) Treatment-treatment
(TRT-TRT; 1 -2 -1), (C) Control-treatment (CON-TRT; 0—-2-1),
and (D) Treatment-control (TRT-CON; 1 -0 - 0).

20



Exp 1. Days to first breeding — Golder et al. (In Review)

s\

Days spent on transition HR = 1.01 £ 0.003, 95% CI =1.00 to 1.01; P = 0.010

o
O__

~

0.75
!

Group HR =0.87 £ 0.07, P = 0.483
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0.50
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0.25
!
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For example, cows that had 20 days on transition, had approximately a 15% increase in
probability of being bred per d.vs those with zero days



Exp 1. Time to Pregnancy — Golder et al. (Under Review)
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Days spent on transition HR = 1.00 £ 0.004, 95% CI = 0.99 to 1.01; P = 0.587

o
O_ -]
T Multi TRT cows had e
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Proportion of cows

0.25
1

0.75 1.00
1 1

0.50
1

0.00
1

Days to first breeding

— CON-CON — TRT-TRT
————— CON-TRT TRT-CON
T T T T
0 100 200 300
Days in milk

Group (P =0.016)

TRT-TRT cows had between 15.5 and
28.9% lesser odds to be bred per d
than all other groups

Days on transition HR = 1.02 * 0.003;
P <0.001

Proportion of cows

0.25
1

0.75 1.00
1 1

0.50
1

0.00
1

Exp 2: Golder et al. (Under Review)

Days to pregnancy

CON-CON
CON-TRT

TRT-TRT
TRT-CON

>

T
0 100

2(|)0 3(IJO
Days in milk

Group (P =0.067)

CON-CON cows had 17+7.0% and TRT-

CON cows 26.6+13.4% greater odds to

be pregnant per d than TRT-TRT cows

Days on transition HR = 1.007 £ 0.004;

P = 0.064



Sﬁﬁx FURTHER MECHANISM: SKELETON
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Diet Ca

[ Vitamin D ] DCAD Mg
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Induced hypocalcaemia (Martinez et al., 2014)

Y.\

=
=
-
o3
()
=
o
=
m
| Infusion
0.5 L] 1 L 1 L L L] Ll L] L] ] L] L] L L] L L] L] L] 1 1 L L] L] L L) 1
Base 2 - 6 8 10 12 14 16 18 20 22 24 72
Hour relative to beginning of infusion
2:3 7 P <0.01 B
22 | 1
X -
= ...c'. 0 & T T oI~ > T S
£ 2.0 A = S T ? =
S 1.9 -
=
— 1.8 -
= 1.7
3 . -1
= ,
3 1.6 - —o—NC
= 1.5 4 —m— SCHI
) Infusion )
1-4 T T T T T T T T T T T T T T T T T T T T T T T T T T 1
Base 2 -+ 6 8 10 12 14 16 18 20 22 24 72
— Hour relative to beginning of infusion —




Induced hypocalcaemia (Martinez et al., 2014)
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Plasma NEFA, mM
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Induced hypocalcaemia (Martinez et al., 2014)
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’ ' Time series cross-correlations between calcium and other

metabolites measured at lags of 3.5 days (Lean et al., 2014)

Heterogenelty

Input Output . | Pooled

variable Variable effect size

Calcium NEFA 1 0.172 0.063 57%
Calcium NEFA 0 -0.194 0.064 70%
Calcium NEFA 5 -0.154 0.060 0%
Calcium NEFA 6 0.182 0.048 0%
Calcium BHB 2 -0.140 0.028 0%
Calcium Glucose -2 0.146 0.030 0%
Calcium Cholesterol -2 0.149 0.023 4.6%
Calcium Cholesterol -1 -0.301 <0.001 0%
Calcium Cholesterol 0 0.335 <0.001 56.8%

Osteocalcin* IGF1 0 >0.8 <0.001

*From Rodney et al 2018
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Calcium and vitamin D metabolism are important
modifiers of health and fertility

* Interventions manipulating these ie negative DCAD
diets and calcidiol can help

* Parity effects may be important in modifying
Intervention responses

* More work is required on these to optimize responses
and consider parity implications
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