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OBSERVATIONAL STUDIES



Clinical hypocalcemia: health and reproduction

• 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)



Subclinical: Time to Pregnancy (Caixeta et al., 

2017)

5

SUBCLINICAL HYPOCALCEMIA



Calving to Conception (days)
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Cohort – Exposure to Transition diet: Time to 

Pregnancy (DeGaris et al., 2010 Aust Vet J)

SIGNIFICANTLY

LOWER C-C

1.5% HR per day

of 

exposure

~ 8% 
More IC

Pregnancy



Increased exposure also increased energy corrected milk yields 

(Corrected for lactation number, farm, calving order) (DeGaris et al., 2008 )
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• TITLE SLIDE: disease and calcium metabolism

Disease and calcium metabolism



Increased exposure to transition also reduced 

Risk of Culling and Death (DeGaris et al., 2010 Aust Vet J)

Interval from Calving to Removal from Herd (days)
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Martinez et al., 2012
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Mineral composition of diets offered to prepartum cows and 
intake of minerals according to treatment group1

Control Treated 
Item Mean SD Minimum and 

Maximum
Mean SD Minimum and 

Maximum
Content, % DM

Ca 0.85 0.33 0.27 to 1.56 0.95 0.37 0.27 to 1.66

P 0.37 0.09 0.23 to 0.66 0.38 0.10 0.24 to 0.67

Mg 0.32 0.10 0.19 to 0.68 0.38 0.10 0.16 to 0.51

K 1.56 0.63 0.93 to 3.22 1.41 0.44 0.93 to 3.06

Na 0.22 0.28 0.03 to 1.60 0.16 0.08 0.03 to 0.44

S* 27.08 8.80 0.16 to 0.71 44.01 18.28 0.11 to 0.71

Cl* 53.40 24.01 0.20 to 1.11 93.57 36.63 0.11 to 3.19

DCAD2, mEq/kg* 212.55 209.77 -62.38 to 1094.43 -50.78 121.70 -245.92 to 438.65

Intake, g/d
Ca 98.71 45.52 23.30 to 223.08 107.46 52.82 20.87 to 272.24

P 41.80 10.72 23.66 to 66.46 41.20 12.50 21.47 to 81.78

Mg 36.95 13.95 18.20 to 82.32 36.87 13.20 17.48 to 73.44

K 172.97 56.54 64.29 to 372.69 154.77 51.05 55.37 to 369.65

Na 24.07 25.55 1.97 to137.60 18.13 10.47 1.70 to 44.28

S* 27.08 8.80 12.34 to 55.11 44.01 18.28 13.00 to 101.53

Cl* 53.40 24.01 7.87 to 136.94 93.57 36.63 29.36 to 177.12

DCAD3, net Eq/d* 2.28 1.90 -0.69 to 9.41 -0.64 1.32 -2.80 to 3.95
12
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Retained Placenta



Variable 
RR or OR

(95% CI)
P-Value

Clinical Hypocalcemia
0.597

(0.440 to 0.810)
<0.01

Retained Placenta
0.590 

(0.448 to 0.779)
0.02

Metritis
0.457*

(0.277 to 0.756)
0.01

Mastitis
0.897*

(0.536 to1.50)
0.63

Displaced Abomasum
0.903*

(0.465 to 1.752)
0.73

Total Disease
0.609*

(0.487 to 0.726)
<0.01

Other Outcomes: Robust regression
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Hypocalcaemia

 Smooth muscle function
(Jorgensen et al 1999)

 Rumen and GIT motility
(Jorgensen 1998)

 Immune function
(Ducuscin 2003, Kimura et al 2006)

 Uterine motility
 (Al-Eknah and Noakes 1989)  Teat sphincter 

contraction
(Goff 2008)

 DMI
(Goff and Horst 1997)

 Energy balance
(Martinez 2012, Chamberlin et al 2013)

 Rumen fill

 Ketosis
(Curtis et al 1985)

 Fatty liver
(Chamberlin et al 2013)

 Displaced 

abomasum
(Curtis et al 1985)

 Milk Yield

 Dystocia
(Curtis et al 1983)

 RFM
(Curtis et al 1983, Melendez 

2004)

 Uterine involution
 (Kamgarpour et al 1999)

 Metritis
(Goff and Horst 1997, Martinez 2012)

Reproduction
(Jonsson et al., 1999; Martinez 2012)

 Mastitis
(Curtis et al 1983, Goff and Horst 

1997)

(Lean et al., 2014; 2019, Santos et al et al 2019)



Skeleton and Vitamin D in 
dairy cattle



Negative DCAD 
– 130 meq/kg

Positive DCAD
+130 meq/kg

Cholecalciferol
Vitamin D3

3 mg/d

Calcidiol
25-OH-D3

3 mg/d

Transition 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

• 79 transition cows and heifers
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Detailed Physiology
Milk Data
Disease
Monitored daily to 30 DIM.
Reproduction 



Results: Disease (Martinez et al., 2018)

• 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.  
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DCAD and Vitamin D
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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). 
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Exp 1: Days to first breeding – Golder et al. (In Review)

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

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

Group HR = 0.87 ± 0.07, P = 0.483 



Exp 1: Time to Pregnancy – Golder et al. (Under Review)

Days spent on transition HR = 1.00 ± 0.004, 95% CI = 0.99 to 1.01; P = 0.587

Multi TRT cows had 

41.1±23.4% higher odds 

of pregnancy compared 

with Multi CON

22-d median decrease 

in time to pregnancy 



Exp 2: Golder et al. (Under Review)

A

Days to pregnancyDays to first breeding

B

› 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

› 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



FURTHER MECHANISM: SKELETON
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Induced hypocalcaemia (Martinez et al., 2014) 
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Induced hypocalcaemia (Martinez et al., 2014) 



Induced hypocalcaemia (Martinez et al., 2014) 



Time series cross-correlations between calcium and other 
metabolites measured at lags of 3.5 days (Lean et al., 2014)

Input 

variable

Output 

Variable
Lag*

Pooled 

effect size
P value

Heterogeneity

I2

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



Conclusions

• 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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