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ABSTRACT

The objectives of the present study were (1) to evalu-
ate the effect of prepartum cholecalciferol treatment 
on serum Ca concentration during the first 10 d after 
calving and (2) to evaluate the effect of treatment on 
subsequent health and performance. Multiparous Hol-
stein cows (n = 377) from one dairy farm were fed 
a negative dietary cation-anion difference diet (−31 
mEq/kg of DM) for the last 21 d of gestation. On d 
275, the animals were randomly assigned to a control or 
a treatment group. Cows in the control group were left 
untreated, and cows in the treatment group received an 
injection of 12 × 106 IU of cholecalciferol intramuscu-
larly on the day of enrollment. If treated cows did not 
deliver the calf within 6 d, they were reinjected with 10 
× 106 IU of cholecalciferol. Blood samples were drawn 
on 1, 2, 3, 5, 7, and 10 days in milk (DIM) and analyzed 
for serum Ca, P, and Mg concentrations. In a subsample 
of cows (50 control cows, 35 cows treated once with 
cholecalciferol, and 15 cows treated twice) serum hap-
toglobin, nonesterified fatty acids, β-hydroxybutyrate, 
and 25-hydroxycholecalciferol concentrations were 
analyzed on 1, 5, and 10 DIM. Binary data [retained 
placenta (RP), metritis] were analyzed using logistic 
regression models. Repeated measures ANOVA with 
first-order autoregressive covariance was performed to 
evaluate the treatment effect on milk yield over the 
first 10 test days after parturition, 25-hydroxycholecal-
ciferol, serum Ca, P, Mg, β-hydroxybutyrate, nonesteri-
fied fatty acids, and haptoglobin concentrations. Cox 
proportional hazards were used to model the time to 
event outcomes (time to pregnancy within 200 d, cull-
ing until 300 DIM). After enrollment of 31.4% of cows 

and a preliminary analysis, adverse reactions became 
apparent, and the study was stopped. Cows treated 
with cholecalciferol had a greater risk of incurring RP 
and metritis. The adjusted mean incidences were 2.0%, 
7.7%, and 4.0% for RP, and 21.6%, 39.3%, and 33.3% 
for metritis for control cows, cows treated once, and 
cows treated twice with cholecalciferol, respectively. 
Compared with control cows, cows injected once with 
12 × 106 IU of cholecalciferol produced less energy-cor-
rected milk on the first (−3.76 kg) and second (−2.75 
kg) test days, respectively. Cows injected twice with 
cholecalciferol (12 × 106 IU of cholecalciferol and 10 × 
106 IU 1 wk later) had a reduced milk yield only at first 
test day (−3.80 kg). Treatment with cholecalciferol led 
to a significant increase in 25-hydroxycholecalciferol on 
d 1, 5, and 10 after calving. Serum Ca and P con-
centrations were significantly increased in cows treated 
with cholecalciferol, but serum Mg concentrations were 
significantly reduced. Haptoglobin concentrations were 
significantly increased on 5 DIM in cows injected once 
with 12 × 106 IU of cholecalciferol. Although we ob-
served no effect of treatment on culling until 300 DIM, 
time to pregnancy was delayed by 34 d in cows injected 
once with 12 × 106 IU of cholecalciferol. In the pres-
ent study, injection with 12 × 106 IU of cholecalciferol 
had detrimental effects on health and milk production 
despite the beneficial effects on Ca homeostasis.
Key words: vitamin D injection, prevention, 
hypocalcemia

INTRODUCTION

The onset of lactation leads to a sudden increase 
in Ca requirements due to the loss of Ca for colos-
trum and milk production (Goff, 2000). As a result, 
approximately every second multiparous Holstein cow 
experiences subclinical hypocalcemia around parturi-
tion (Venjakob et al., 2017). Although a transient drop 
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of blood Ca concentration might be part of a physi-
ological adaptational response, prolonged hypocalcemia 
seems to be a risk factor, associated with detrimental 
effects for DMI, health, and production (McArt and 
Neves, 2020; Seely et al., 2021; Serrenho et al., 2021b). 
In the recent past, epidemiological studies have been 
conducted to evaluate the effect of periparturient hy-
pocalcemia on early-lactation health and performance. 
Strong evidence exists that hypocalcemic cows have a 
higher risk for early-lactation diseases (Martinez et al., 
2012; Neves et al., 2018; Venjakob et al., 2019), re-
duced reproductive performance (Martinez et al., 2012; 
Caixeta et al., 2017; Venjakob et al., 2018), and ulti-
mately a higher culling risk (Seifi et al., 2011; Roberts 
et al., 2012; Venjakob et al., 2018). One of the reasons 
for the detrimental effects on the subsequent lactation 
might be that hypocalcemia impairs neutrophil func-
tion (Kimura et al., 2006; Martinez et al., 2012). In the 
study by Martinez et al. (2012), the phagocytic activity 
and the capacity for oxidative burst were decreased in 
neutrophils from cows with subclinical hypocalcemia, 
compared with normocalcemic cows. Furthermore, the 
number of neutrophils was significantly reduced in cows 
with subclinical hypocalcemia.

Decades ago, it was shown that intramuscular injec-
tion of cholecalciferol before calving led to an increase 
in plasma Ca concentration (Littledike and Horst, 
1982). In the liver, cholecalciferol is transformed to 
25-hydroxycholecalciferol before it is hydroxylated 
again in the kidney, leading to the most active form, 
1,25-dihydroxycholecalciferol (Horst et al., 2003). To 
maintain Ca homeostasis, Ca uptake via the gut is 
enhanced by 1,25-dihydroxycholecalciferol. It binds to 
the vitamin D receptor, a nuclear receptor that acts 
as a ligand-activated transcription factor. 1,25-Dihy-
droxycholecalciferol increases gastrointestinal tran-
sepithelial Ca transport (Martín-Tereso and Martens, 
2014; Wilkens and Muscher-Banse, 2020), probably via 
trans- and paracellular pathways. In Germany, injec-
tion of cholecalciferol 5 to 7 d before calving has been 
proposed since the 1970s, to enhance active Ca uptake 
from the diet before calving (Gürtler et al., 1977). 
Two different products containing cholecalciferol are 
approved on the German market. In the summary of 
product characteristics of both drugs, an injection of 1 
× 106 IU per 50 kg of BW and a second injection of 1 × 
106 IU of cholecalciferol per 50 kg of BW are specified 
by the manufacturer, if the cow does not calve within 6 
d. A dosage of 10 × 106 IU of cholecalciferol per cow is 
commonly accepted (Constable et al., 2016; Hodnik et 
al., 2020, Weber et al., 2021), although Constable et al. 
(2016) described consistently better results when cows 
are treated with 1 × 106 IU per 45 kg of BW 2 to 8 d 
before expected calving date. Moreover, those authors 

recommend a reinjection with 10 × 106 IU of cholecal-
ciferol, if the calf is not delivered within 10 d following 
the first treatment. The dosage recommendation by the 
manufacturer, however, is extremely high compared 
with the recommended daily uptake via feed (NRC, 
2001) and needs to be critically evaluated. Surprisingly, 
the effects of cholecalciferol injection on Ca homeosta-
sis and performance in the subsequent lactation have 
never been evaluated in a randomized controlled trial, 
although the products are commonly used on German 
dairy farms (Venjakob et al., 2017).

Results of oral supplementation with vitamin D or its 
metabolites conflict. Supplementing cows with 15 mg 
of cholecalciferol or 15 mg of 25-hydroxycholecalciferol 
at d 6 before calving, Taylor et al. (2008) could not 
demonstrate an effect on serum Ca homeostasis. On 
the contrary, Wilkens et al. (2012) found an improved 
Ca homeostasis from 4 d before to 4 d after calving, 
but only when 25-hydroxyvitamin D supplementation 
was combined with a negative DCAD diet in the close-
up period. Goff et al. (2014a) compared the effect of 
parathyroid hormone (PTH) injections in cows with a 
compensated metabolic alkalosis (DCAD +182 mEq/
kg) against cows with a compensated metabolic acidosis 
(DCAD −181 mEq/kg). Conversion to 1,25-dihydroxy-
cholecalciferol was substantially improved in cows that 
received a negative DCAD diet. Because PTH receptor 
function is improved in a state of metabolic acidosis, 
production of 1,25-dihydroxycholecalciferol might be 
enhanced when cholecalciferol is injected before calv-
ing. Moreover, metabolic acidosis leads to increased 
renal Ca excretion before calving, thereby increasing 
1,25-dihydroxycholecalciferol production and active Ca 
transport earlier when feeding of a negative DCAD diet 
is combined with cholecalciferol injection before calv-
ing.

Therefore, the objective of the present study was 
to evaluate the effect of cholecalciferol treatment in 
combination with a negative DCAD diet on serum Ca 
concentration during the first 10 d after calving and 
the effect of treatment on subsequent health and per-
formance. Our hypotheses were (1) that treatment with 
cholecalciferol antepartum increases postpartum Ca 
concentrations and (2) that treated cows do have lower 
haptoglobin concentrations until 10 DIM as well as 
lower body temperature (indicative of inflammation), 
higher milk production, and improved reproductive 
performance, and therefore lower culling risk.

MATERIALS AND METHODS

This randomized controlled study was carried out be-
tween June 2019 and November 2020 on a commercial 
dairy farm in northern Germany. The farm is located in 
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the federal state of Brandenburg in northern Germany 
and has approximately 2,600 milking cows, with an 
average 305-d milk yield of 9,600 kg. The experimental 
procedures reported herein were conducted with the 
approval of the federal authorities (protocol 2347-48-
2019). Sample size was calculated based on results of 
a previous study in which prevalence of hypocalcemia 
(serum calcium concentration below 2.0 mmol/L within 
48 h after calving) was 48% in multiparous cows (Ven-
jakob et al., 2017). Assuming 80% power and a confi-
dence level of 95%, a total of 1,200 cows was needed to 
detect a 16.7% reduction in prevalence of hypocalce-
mia. A priori it was planned to conduct a preliminary 
statistical analysis after enrollment of one-third of the 
cows. The statistical analysis was conducted when 377 
cows were included in the study. Because prepartum 
application of cholecalciferol to prevent hypocalcemia is 
approved and common on German dairy farms, criteria 
for premature termination of the study were not es-
tablished. However, due to the results of the statistical 
analysis (i.e., higher disease incidence, reduction in milk 
yield), the study had to be terminated prematurely to 
avoid harm to the animals and losses to the farm.

Transition Cow Management

Cows were dried off at d 223 ± 10.7 of gestation. 
Approximately at d 255 of gestation, cows were moved 
into the close-up group. Cows were closely monitored 
for signs of imminent calving. When the amniotic sac or 
the calf’s feet were visible outside the vulva, cows were 
moved to a maternity pen. At calving, calving ease (1 = 
unassisted calving, 2 = calving assisted by 1 person, 3 = 
calving assisted by more than 1 person), occurrence of 
stillbirth (alive vs. dead), twins, and calf sex (female vs. 
male) were recorded. Immediately after birth, all mul-
tiparous cows received an oral calcium bolus (Bovikalc, 
Boehringer Ingelheim) and were moved to the fresh cow 
pen. Fresh cows were housed in a freestall barn with 
slatted floors and cubicles equipped with rubber mats 
for 10 d after parturition. From d 10 after calving until 
confirmed pregnancy, cows were housed in a freestall 
barn with a solid concrete floor and cubicles equipped 
with manure solids as bedding. Cows were milked 3 
times daily in a rotary milking parlor. The farm par-
ticipated in a federal DHIA equivalent testing system. 
Results from the 10 test days following parturition were 
obtained from the on-farm computer system (HerdeW, 
version 5.8, dsp-Agrosoft Ltd.). Cows were fed a TMR, 
and feed was delivered via conveyer belt system 2 to 3 
times per day. Cows in the close-up group were fed with 
a negative DCAD diet (DCAD: −31 mEq/kg; Table 
1). Urine pH was assessed in a subsample of minimum 

10 cows per week in the close-up group. During the 
study period, the average urine pH was 6.8 (±0.98; n = 
122). The TMR sample from the close-up diet was ana-
lyzed in a commercial laboratory (Landwirtschaftliche 
Kommunikations- und Servicegesellschaft mbH, Licht-
enwalde, Germany). The TMR was balanced to meet 
or exceed minimum nutritional requirements for dairy 
cows (NRC, 2001) containing 2,000 IU of cholecalciferol 
per kilogram of DM.

Treatment Allocation

Multiparous cows were enrolled on d 275 of gesta-
tion and randomly assigned to a control (n = 187) or 
a treatment (n = 190) group, based on the last digit 
of their unique 10-digit animal identification number. 
Odd-numbered cows were assigned to the treatment 
group, and even-numbered cows were assigned to the 
control group. Cows of the control group were left un-
treated, and cows in the treatment group received an 
injection of 12 × 106 IU of cholecalciferol intramuscu-
larly on the day of enrollment (Ursovit D3, Serumwerk 
Bernburg), according to the prescription label. Cows 
were reinjected with 10 × 106 IU of cholecalciferol if 
they did not deliver the calf during the week following 
the first injection. Researchers were not blinded to the 
treatment allocation.

Venjakob et al.: HYPOCALCEMIA IN DAIRY COWS

Table 1. Ingredients and chemical composition (%, unless otherwise 
noted) of the close-up diet

Feed ingredient or nutrient (DM basis) Proportion

Ingredient  
 Corn silage 33.60
 Grass silage 54.50
 Wheat straw 3.60
 Canola meal 3.70
 Anionic mineral supplement1 4.60
Nutrient composition  
 CP 13.50
 NDF 48.80
 NFC2  
 Starch 14.30
 Ash 8.50
 Calcium 0.94
 Phosphorus 0.33
 Magnesium 0.35
 Sodium 0.36
 Potassium 1.78
 Chloride 1.32
 Sulfur 0.40
 NEL (MJ/kg) 6.10
 DCAD3 (mEq/kg) −31
1Transifit (Dr. Pieper Technologie- und Produktentwicklung GmbH): 
8.1% S; 4.0% Mg; 2.9% Na; 2.5% P; 20.0% Ca; 35,000 IU of cholecal-
ciferol/kg.
2Calculated as: 100 − CP − NDF − ash.
3DCAD = [(Na % of DM/0.023) + (K % of DM/0.039)] − [(S % of 
DM/0.016) + (Cl % of DM/0.0355)].
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Diagnosis of Diseases

During the first 10 d after calving, cows were ex-
amined daily following standard operating protocols 
created by the herd manager. During examination, 
rectal temperature was measured using a commercial 
thermometer (Veterinär-Thermometer SC 12, Scala 
Electronic GmbH), and cows were monitored visually to 
assess general appearance, presence of fetal membranes 
outside the vulva, vaginal discharge, lameness, udder 
health, and manure consistency. Blood ketone concen-
tration was evaluated once a week using a hand-held 
electronic ketone meter, beginning at 2 DIM (TaiDoc, 
Pharmadoc). Cows were diagnosed with retained pla-
centa (RP) when fetal membranes were not expelled 
within 24 h after parturition. Vaginal discharge was 
evaluated on d 7 after calving using a Metricheck device 
(Simcro). Based on the scoring system used by Urton 
et al. (2005) no mucus or clear mucus was categorized 
as score 0, cloudy mucus or mucus with flecks of pus 
as score 1, mucopurulent (≤50% pus present) and foul 
smelling as score 2; purulent (≥50% pus present) and 
foul smelling as score 3, and putrid (red or brown color, 
watery, foul smelling) was categorized as score 4. Cows 
with score 4 were considered as having metritis (Shel-
don et al., 2006).

Blood Sampling and Analyses

Cows enrolled in this study were restrained in head-
locks at 0800 h every morning. The first blood sample 
(d 1) was collected within 24 h after calving. Further 
blood samples were drawn on d 2, 3, 5, 7, and 10 after 
calving. All blood samples were obtained from the coc-
cygeal vessels using a serum blood collection system 
comprising a sterile needle (Sterican, 1.20 × 40 mm, B. 
Braun Melsungen AG) and a tube without anticoagu-
lants (Monovette 9 mL Z, Sarstedt AG & Co.). Blood 
samples were kept at room temperature for about 30 
min to clot. Subsequently, samples were centrifuged at 
approximately 20°C and 2,000 × g for 20 min to harvest 
serum (Heraeus Sepatech Labofuge 200, Heraeus Hold-
ing GmbH). Serum was transferred into 5-mL tubes 
(5 mL Röhrchen, Sarstedt AG & Co.), using a pipette 
(Transferpipette 3.5 mL, Sarstedt AG & Co.) and fro-
zen at −20°C. Serum concentrations of Ca, Mg, and 
P were measured in the laboratory of the Ruminant 
Clinic, Freie Universität Berlin. Total serum Ca con-
centration, serum inorganic P concentration, and serum 
Mg concentration were analyzed using a Cobas 8000 
c701 (Roche Diagnostics International AG) and test 
kits LT-Ca 0100, LT-P 0100, and LT-MG 0103, respec-
tively (Labor + Technik Eberhard Lehmann GmbH). 
The interassay coefficients of variation were 4.15% (Ca 

= 2.17 mmol/L; n = 30), 3.24% (P = 1.74 mmol/L; n 
= 30), 7.51% (Mg = 0.88 mmol/L; n = 23). The in-
traassay coefficients of variation were 2.57% (Ca = 2.17 
mmol/L; n = 30), 2.10% (P = 1.74 mmol/L; n = 30), 
and 2.85% (Mg = 0.88 mmol/L; n = 23). Haptoglobin, 
BHB, nonesterified fatty acids (NEFA), and 25-hy-
droxycholecalciferol were analyzed by a commercial 
laboratory (Laboklin GmbH & Co. KG, Laboratory for 
Clinical Diagnostics, Bad Kissingen, Germany). Serum 
haptoglobin concentrations were determined by photo-
metric methods using a phase haptoglobin assay test 
kit (Tridelta Development Ltd.). Evaluation of serum 
NEFA concentrations was conducted by photometry 
using a NEFA test kit (Randox). Evaluation of serum 
BHB concentrations was conducted by enzymatic-
kinetic methods using a Ranbut test kit (Randox). Se-
rum haptoglobin, NEFA, and BHB concentrations were 
measured using a Cobas 8000 c701 (Roche Diagnostics 
International AG). Serum 25-hydroxycholecalciferol 
was determined via chemiluminescence immunoassay 
using an ADVIA Centaur VitD test kit and ADVIA 
Centaur XPT (Siemens). The interassay coefficients of 
variation were 3.7% (1.27 g/L; n = 5) and 4.76% (0.21 
mmol/L; n = 5) for haptoglobin and BHB concentra-
tions, respectively. Interassay coefficients of variation 
were and 1.50% (0.99 mmol/L; n = 5) and 3.81% (1.40 
mmol/L; n = 5) for NEFA. For 25-hydroxycholecalcif-
erol the interassay coefficients of variation were 12.12% 
(53.74 nmol/l; n = 5) and 2.91% (218.71 nmol/l; n = 
5). The intraassay coefficients of variation were 0.4% 
(1.21 g/L; n = 5) and 2.10% (0.21 mmol/L; n = 5) 
for haptoglobin and BHB concentrations, respectively. 
The intraassay coefficients of variation for NEFA were 
1.75% (0.99 mmol/L; n = 5) and 1.24 (1.53 mmol/L; n 
= 5). For 25-hydroxycholecalciferol the intraassay coef-
ficients of variation were 8.35% (59.61 nmol/l; n = 5) 
and 2.72% (212.38 nmol/l, n = 5). All validations were 
conducted according to CLSI (2012) guidelines.

Reproductive Management

Voluntary waiting period was set at 50 DIM. Estrus 
detection was based on visual observation conducted 3 
times per day for 30 min in the barn by a single profes-
sional AI technician. All cows not detected in estrus 
until 90 DIM were enrolled into a timed AI protocol 
[Ovsynch-56: GnRH (100 μg of Gonadorelin, Gonavet 
Veyx, Veyx Pharma Ltd.) at 90 DIM, PGF2α (500 μg 
of Cloprostenol, PGF Veyx forte, Veyx Pharma Ltd.) 7 
d later, GnRH 56 h after PGF2α, and TAI 12 to 16 h 
later]. A single professional AI technician performed all 
inseminations. Pregnancy status was evaluated using 
transrectal palpation by the AI technician around 40 
d after AI. Breeding information (i.e., cow ID, calving 
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date, lactation number, breeding date) and results of 
pregnancy diagnoses were also obtained from the on-
farm computer system.

Statistical Analyses

Results from blood analysis, breeding information, 
and test day data were combined using Access (Office 
2010, Microsoft Deutschland Ltd.), exported to Excel 
spreadsheets (Office 2010), and analyzed using SPSS 
for Windows (version 25.0, IBM Corp.).

Repeated measures ANOVA with first-order autore-
gressive covariance was performed using the GENLIN-
MIXED procedure of SPSS. Nine different models were 
calculated to evaluate the effects of prepartum chole-
calciferol injection on serum Ca, P, Mg, BHB, NEFA, 
haptoglobin, 25-hydroxycholecalciferol concentration, 
rectal temperature, and milk yield over the first 10 test 
days after parturition. For the models of Ca, P, and 
Mg repeated measures were conducted on d 1, 2, 3, 
5, 7, and 10 after calving. For the models of BHB, 
NEFA, haptoglobin, and 25-hydroxycholecalciferol, re-
peated measures were conducted on d 1, 5, and 10 after 
calving. For evaluation of rectal temperature, repeated 
measures were conducted on d 1, 2, 3, 5, and 7 after 
calving. Cow was the experimental unit. According to 
the model-building strategies described by (Dohoo et 
al., 2009), each parameter considered for the mixed 
model was separately analyzed in a univariable model. 
Only parameters resulting in univariable models with P 
≤ 0.10 were included in the final mixed model. Selection 
of the model that best fit the data was performed by 
using a backward stepwise elimination procedure that 
removed all variables with P > 0.10 from the model. 
The initial models contained the following fixed effects: 
parity (lactation 2, 3, and ≥4), time (blood samples on 
d 1, 2, 3, 5, 7, and 10 for Ca, Mg, and P models; blood 
samples on d 1, 5, and 10 for 25-hydroxycholecalciferol, 
BHB, NEFA, and haptoglobin models; temperature 
measured on d 1, 2, 3, 5, and 7 for the model of rectal 
temperature; milk yield on test d 1 to 10 for the model 
of milk yield), treatment (cows treated once vs. cows 
treated twice with cholecalciferol vs. no treatment), 
calving ease (0 = no assistance, 1 = calving assisted by 
1 person, 2 = calving assisted by 2 people, 3 = calving 
assisted by more than 2 people; categorical), stillbirth 
(yes vs. no), twins (yes vs. no), sex of the calf (male vs. 
female), 305-d milk yield in previous lactation (continu-
ous), and gestation length (GL; continuous). Further-
more, serum Ca concentration on d 1 was included in 
the model of 25-hydroxycholecalciferol. We tested all 
plausible biological interactions such as time by treat-
ment and time by treatment by parity. Regardless of 

the significance level, treatment and the interaction of 
time and treatment were forced to remain in the model.

To further evaluate the effect of treatment on prob-
ability of RP and metritis, 2 separate logistic regression 
models were built, using the GENLINMIXED proce-
dure of SPSS. Except for time, we included the same 
variables as fixed effects, as for the models described 
above. Regardless of the significance level, treatment 
was forced to remain in the model.

Cox proportional hazard models were used to model 
the time to event outcomes (i.e., culling within 300 
DIM, time to pregnancy within 200 DIM). Cows were 
censored if they were not pregnant or culled or at the 
end of the observation period. The variables parity, 
treatment, and previous 305-d milk yield were tested as 
risk factors. Models with the most extreme β-value for 
treatment and the lowest P-value were selected. Pro-
portional hazards assumption was graphically assessed 
by plotting the −ln[−ln(survival)] curves for cows in 
the control group and cows in the treatment group 
against the ln(survival time). Proportional hazards as-
sumption was assumed to be met when the lines were 
approximately parallel.

RESULTS

Deviating from the original study protocol with an 
inclusion of 1,200 cows, the study had to be stopped 
after enrollment of 377 cows, due to detrimental effects 
on early-lactation health and production caused by the 
cholecalciferol treatment. Of those 377 cows, 188 and 
189 were control and treated cows, respectively. Due to 
adverse reactions (i.e., dyspnea, urticaria) in associa-
tion with the cholecalciferol injection, 2 cows had to be 
excluded from the study. In the group of treated cows, 
54 cows were reinjected with 10 × 106 IU of cholecal-
ciferol, as they did not deliver the calf within 6 d after 
the first treatment. Of the remaining 375 animals, 132 
(35.2%), 110 (29.3%), and 133 (35.5%) were in second, 
third, and fourth or greater lactation, respectively. 
Mean parity was 2.98 ± 0.06, 3.03 ± 0.07, and 3.00 ± 
0.12 for cows in the control group, cows treated once, 
and cows treated twice with cholecalciferol, respectively 
(P = 0.856). Mean calving ease was 1.15 ± 0.34, 1.24 
± 0.40, and 1.17 ± 0.64 for cows in the control group, 
cows treated once, and cows treated twice with chole-
calciferol, respectively (P = 0.191). Gestation length at 
enrollment was 275.4 ± 0.13, 275.2 ± 0.16, and 274.7 ± 
0.25 d for cows in the control group, cows treated once, 
and cows treated twice with cholecalciferol, respectively 
(P = 0.073). Gestation length was 281.3 ± 0.24, 278.5 
± 0.28, and 284.7 ± 0.44 d for cows in the control 
group, cows treated once, and cows treated twice with 
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cholecalciferol, respectively (P < 0.001). Interval from 
enrollment to calving was 6.0 ± 0.23, 3.3 ± 0.27, and 
10.0 ± 0.43 d for cows in the control group, cows treat-
ed once, and cows treated twice with cholecalciferol, 
respectively (P < 0.001). During the study period, 5.9% 
(22/375) of cows developed RP. Metritis affected 14.4% 
(54/375) of cows.

Treatment with cholecalciferol before calving af-
fected serum Ca dynamics within the first 10 DIM. 
Whereas cows with an injection of 12 × 106 IU of cho-
lecalciferol 5 d before calving had significantly higher 
serum Ca concentrations than control cows, cows with 
2 injections of cholecalciferol at a 1-wk interval had 
significantly greater serum Ca concentrations than 
cows with a single injection and control cows (Figure 
1A; mean Ca concentrations were 1.81 mmol/L, 2.02 
mmol/L, and 2.18 mmol/L for control cows and cows 
treated once or twice with cholecalciferol, respectively; 
P < 0.001). A similar effect was observed for serum 
P dynamics. Mean serum P concentrations were 1.42 
mmol/L, 1.86 mmol/L, and 2.05 mmol/L for control 
cows and cows treated once or twice with cholecalcif-
erol, respectively (Figure 1B; P < 0.001). Cows treated 
with cholecalciferol had significantly reduced serum Mg 
concentrations. No difference was detectable, however, 
between cows treated once or twice with cholecalciferol 
(Figure 1C; mean serum Mg concentrations were 0.77 
mmol/L, 0.67 mmol/L, and 0.66 mmol/L for control 
cows and cows treated once or twice with cholecalcif-
erol, respectively; P < 0.001).

In a subsample of cows (50, 35, and 15 for control 
cows and cows treated once or twice with cholecalcif-
erol, respectively), 25-hydroxycholecalciferol, BHB, 
NEFA, and haptoglobin levels were determined on d 1, 
5, and 10 after calving. Treated cows had considerably 
increased concentrations of 25-hydroxycholecalciferol 
(Figure 2; mean 25-hydroxycholecalciferol concentra-
tions were 42.8 nmol/L, 227.4 nmol/L, and 309.7 
nmol/L for control cows and cows treated once or twice 
with cholecalciferol, respectively; P < 0.001). The dif-
ference was most pronounced on d 1 after calving but 
remained significantly higher on d 5 and 10. Although 
treatment had no effect on serum BHB (Figure 3A; 
P = 0.394) and serum NEFA concentrations (Figure 
3B; P = 0.104) on d 1, 5, and 10 after calving, serum 
haptoglobin concentrations on d 5 were increased for 
cows treated once with 12 × 106 IU of cholecalciferol 
5 d before calving compared with control cows (Figure 
3C; P = 0.005). Mean haptoglobin concentrations on d 
5 were 0.68 g/L and 1.11 g/L for control cows and cows 
treated once, respectively (P = 0.002). The haptoglobin 
concentration of cows treated twice was not statisti-
cally different from control cows (P = 0.379) and cows 
treated once (P = 0.149). Cows treated once with chole-

calciferol had a greater risk of incurring RP (odds ratio 
= 4.15; P = 0.036; Table 2). Cows with 2 injections of 
cholecalciferol in a 1-wk interval, however, did not have 
a higher risk for RP compared with control cows (P = 
0.314). The adjusted mean incidences of RP were 2.0%, 
7.7%, and 4.0% for control cows, cows treated once, 
and cows treated twice with cholecalciferol. Cows that 
were treated once with cholecalciferol (odds ratio = 
2.35; P < 0.001; Table 3) and cows treated twice with 
cholecalciferol (odds ratio = 1.82; P = 0.002; Table 
3) had increased odds for metritis compared with con-
trol cows. Adjusted mean incidences for metritis were 
21.6%, 39.3%, and 33.3% for control cows, cows treated 
once, and cows treated twice with cholecalciferol. Eval-
uating the effect of cholecalciferol treatment on rectal 
temperature, a tendency for a 3-way interaction of time 
by treatment by parity was observed (P = 0.064), in-
dicating a treatment effect on rectal temperature that 
depended on parity. Whereas in second-lactation cows, 
rectal temperature of cows treated once with cholecal-
ciferol was lower compared with control cows on d 2 
after calving (P = 0.011), cows in fourth lactation or 
greater treated twice with cholecalciferol had a higher 
rectal temperature on d 2 (P = 0.019) compared with 
control cows. Moreover, in second-lactation cows, rectal 
temperature of cows treated once with cholecalciferol 
was significantly higher than rectal temperature of cows 
treated twice with cholecalciferol on d 7 after calving 
(P = 0.031).

Cows treated with cholecalciferol before parturition 
had significantly lower ECM at first test day (mean 
DIM at first test = 21.3; range 6 to 49 DIM), compared 
with cows from the control group. Mean ECM at first 
test day was 42.5 kg, 38.8 kg, and 38.7 kg for control 
cows and cows treated once or twice with cholecalciferol, 
respectively (control vs. 1 injection, P = 0.001; control 
vs. 2 injections, P = 0.014). Compared with control 
cows, on the second test day, milk yield remained lower 
only in cows treated once with cholecalciferol (45.3 kg 
vs. 42.5 kg, P = 0.001; mean DIM at second test = 
51.3; range 34 to 68 DIM). No difference in milk yield 
was observed from 3rd to 10th DHIA equivalent test.

Cows treated once with 12 × 106 IU of cholecalciferol 
5 d before calving had a significantly reduced hazard of 
pregnancy within 200 DIM compared with control cows 
(hazard ratio = 0.70; 95% CI: 0.52–0.95; P = 0.020). 
Median times to pregnancy were 146 d and 180 d for 
control cows and cows treated once with cholecalciferol, 
respectively. Cows treated twice with cholecalciferol did 
not have a significantly reduced hazard of pregnancy 
within 200 DIM (P = 0.484; median time to pregnancy 
= 154 d).

Of the 375 cows enrolled, 98 (26.1%) cows were culled 
before 300 DIM. Prepartum treatment with cholecalcif-
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Figure 1. Effects of treatment with 12 × 106 IU of cholecalciferol 5 d before expected parturition on serum Ca (panel A), P (panel B), and 
Mg (panel C) concentrations (mmol/L) in multiparous dairy cows (n = 375) using least square estimates (mean ± SEM) from repeated measure 
ANOVA. Cows were reinjected with 10 × 106 IU of cholecalciferol if they did not deliver the calf within 6 d after the first treatment. Cows treated 
with a single cholecalciferol injection are displayed in light blue (n = 133), cows with 2 cholecalciferol injections are displayed in black (n = 54), 
and cows of the control group (n = 188) are displayed in gray. In panel A, parity (P < 0.001), time (P < 0.001), treatment (P < 0.001), time 
by treatment (P < 0.001), and 305-d milk yield of previous lactation (P = 0.007) had a significant effect on serum Ca concentration. We found 
a tendency for sex of the calf (P = 0.064) and calving ease (P = 0.080) to be associated with serum Ca concentration. In panel B, parity (P < 
0.001), time (P < 0.001), treatment (P < 0.001), and time by treatment (P < 0.001) had a significant effect on serum P concentration. In panel 
C, parity (P < 0.001), time (P < 0.001), treatment (P < 0.001), time by treatment (P < 0.001), calving ease (P < 0.001), and gestation length 
(P = 0.008) had a significant effect on serum Mg concentration. Pairwise comparisons among groups with Bonferroni’s corrected P < 0.05 are 
marked with the following letters: a, control vs. single injection of cholecalciferol; b, control vs. 2 injections of cholecalciferol; c, single injection 
of cholecalciferol vs. 2 injections of cholecalciferol.
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erol had no effect on the risk of being culled before 
300 DIM (P = 0.946). Fifty-six of the culled cows were 
slaughtered before 300 DIM. Of those, 14.4%, 17.3%, 
and 11.1% were control cows, cows treated once, and 
cows treated twice with cholecalciferol, respectively. 
Furthermore, 42 of the culled animals died or were eu-
thanized before 300 DIM. Of those, 12.2%, 8.3%, and 
12.9% were control cows, cows treated once, and cows 
treated twice with cholecalciferol, respectively.

DISCUSSION

The study was stopped after a preliminary statistical 
analysis, as treatment with cholecalciferol had detri-
mental effects on health and milk production despite 
beneficial effects on Ca homeostasis. In multiparous 
cows, treatment with cholecalciferol increased serum 
Ca concentrations from d 1 to d 10 after calving (Fig-
ure 1A). Although cows treated with 12 × 106 IU of 
cholecalciferol had greater serum Ca concentrations 
than control cows, cows reinjected with 10 × 106 IU of 
cholecalciferol 6 d after the first treatment had greater 
serum Ca concentrations than control cows and cows 
treated once. It has already been shown in the early 
1980s that application of cholecalciferol led to an in-
crease in plasma Ca concentration on d 1 after calving 

(Littledike and Horst, 1982). Mean Ca concentration of 
cows treated with cholecalciferol was 2.2 mmol/L com-
pared with 1.38 mmol/L in control cows in the study 
by Littledike and Horst (1982). In their study, however, 
cows were treated with 15 × 106 IU of cholecalciferol 
approximately 1 mo before calving followed by a treat-
ment with 2.5 × 106 IU of cholecalciferol 1 wk later. 
In another study, using a similar study design to ours, 
cows were treated with 10 × 106 IU of cholecalciferol 
7 d before expected calving, and treatment with the 
same amount of cholecalciferol was only repeated when 
a cow did not deliver the calf within the following 7 d. 
The authors showed that cholecalciferol was beneficial 
in cows with milk fever in previous lactations, as the 
incidence of clinical milk fever was reduced (Julien et 
al., 1977).

Serum P dynamics were comparable to serum Ca 
dynamics. Throughout the sampling period, serum P 
concentrations were significantly higher in cows treated 
with cholecalciferol (Figure 1B). As shown by Wilkens 
et al. (2012) feeding of 25-hydroxycholecalciferol led 
to an increase of plasma ionized P around parturition. 
Oehlschlaeger et al. (2014) further demonstrated that 
gastrointestinal P absorption was increased in cows fed 
with a negative DCAD diet and 25-hydroxycholecalcif-
erol.
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Figure 2. Effect of treatment with 12 × 106 IU of cholecalciferol 5 d before expected parturition on logarithmic concentration of vitamin 
D (nmol/L) in multiparous dairy cows (n = 100) using least square estimates (mean ± SEM) from repeated measure ANOVA. Cows were 
reinjected with 10 × 106 IU of cholecalciferol if they did not deliver the calf within 6 d after the first treatment. Cows treated once with cho-
lecalciferol are displayed in light blue (n = 35), cows treated with cholecalciferol twice are displayed in black (n = 15), and cows of the control 
group (n = 50) are displayed in gray. Parity (P = 0.012), time (P < 0.001), treatment (P < 0.001), time by treatment (P < 0.001), serum Ca 
concentration at d 1 (P < 0.001), and calving ease (P = 0.016) had a significant effect on 25-hydroxycholecalciferol concentrations after calving. 
Pairwise comparisons among groups with Bonferroni’s corrected P < 0.05 are marked with the following letters: a, control vs. single injection of 
cholecalciferol; b, control vs. 2 injections of cholecalciferol; c, single injection of cholecalciferol vs. 2 injections of cholecalciferol.
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Figure 3. Effect of treatment with 12 × 106 IU of cholecalciferol 5 d before expected parturition on serum BHB (panel A), nonesterified fatty 
acids (NEFA, panel B), and haptoglobin (panel C) concentrations (mmol/L) in multiparous dairy cows (n = 100) using least square estimates 
(mean ± SEM) from repeated measure ANOVA. Cows were reinjected with 10 × 106 IU of cholecalciferol if they did not deliver the calf within 6 
d after the first treatment. Cows treated once with cholecalciferol are displayed in light blue (n = 35), cows treated twice with cholecalciferol are 
displayed in black (n = 15), and cows of the control group (n = 50) are displayed in gray. Whereas in panel A treatment and time by treatment 
did not have a significant effect, time (P = 0.002) and birth of twins (P = 0.009) were significantly associated with serum BHB concentration. 
We found a tendency for parity (P = 0.082), calving ease (P = 0.081), and stillbirth (P = 0.065) to affect serum BHB concentration significantly. 
In panel B, treatment and time by treatment did not have a significant effect. Although parity (P < 0.001) had a significant effect on serum 
NEFA concentrations, a tendency for time (P = 0.060) to influence serum NEFA concentration was observed. In panel C, parity (P = 0.030), 
time (P < 0.001), and treatment (P = 0.005) were significantly associated with serum haptoglobin concentration. Pairwise comparisons among 
groups with Bonferroni’s corrected P < 0.05 are marked with letter a (control vs. single injection of cholecalciferol).
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In contrast, serum Mg concentrations were decreased 
in cows treated with cholecalciferol (Figure 1C). No 
difference was observed between cows treated once and 
cows treated twice with cholecalciferol. Evaluating the 
prevalence of hypocalcemia in 115 German dairy herds, 
we also observed a negative association between serum 
Ca and Mg concentrations. This finding seems to be 
contradictory, as presence of Mg is crucial to the PTH 
receptor function and therefore maintenance of Ca ho-
meostasis (Goff, 2014b). However, PTH also leads to 
an increased reabsorption of Mg from the urine, leading 
to increased serum Mg levels (Goff, 2008). One might 
speculate that, in cows treated with cholecalciferol, 
PTH secretion was decreased, as serum Ca concentra-
tions were substantially higher than in control cows. 

This might have led to lower serum Mg concentrations 
in treated cows.

In cows treated with 12 × 106 IU of cholecalciferol 
and cows reinjected with a second dose of 10 × 106 IU 
of cholecalciferol, serum 25-hydroxycholecalciferol was 
significantly increased on d 1, 5, and 10 after calving 
(Figure 2). This finding is in agreement with Littledike 
and Horst (1982), who found a 4-fold increase of mean 
plasma 25-hydroxycholecalciferol concentrations on d 1 
after calving in cows treated with cholecalciferol. In the 
liver, cholecalciferol is converted to 25-hydroxycholecal-
ciferol (Horst et al., 1994, 2003). As described by Goff 
(2014b), levels of 25-hydroxycholecalciferol increase 
substantially when high amounts of cholecalciferol are 
administered. This results in vitamin D receptor bind-
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Table 2. Final multivariable logistic regression model evaluating the effect of prepartum injection with 
cholecalciferol on the probability of retained placenta1

Variable Estimate SE

95% CI

Odds ratio P-valueLower CI Upper CI

Intercept −4.57 0.60 −6.24 −2.89 0.01 0.002
Parity       
 2 Referent      
 3 0.21 0.70 −1.74 2.16 1.23 0.780
 ≥4 1.76 0.55 0.24 3.28 5.80 0.033
Treatment       
 Control Referent      
 Treatment2 1.42 0.46 0.15 2.70 4.15 0.036
 Second treatment3 0.74 0.64 −1.05 2.52 2.09 0.314
1Cows were diagnosed with retained placenta when fetal membranes were not expelled within 24 h after par-
turition.
2Cows were treated with 12 × 106 IU of cholecalciferol 5 d before expected calving.
3Cows were reinjected with 10 × 106 IU of cholecalciferol if they did not deliver the calf within 6 d after the 
first treatment.

Table 3. Final multivariable logistic regression model evaluating the effect of prepartum injection with 
cholecalciferol on the probability of metritis1

Variable Estimate SE

95% CI

Odds ratio P-valueLower CI Upper CI

Intercept −2.01 0.04 −2.13 −1.89 0.13 <0.001
Treatment       
 Control Referent      
 Treatment2 0.86 0.05 0.70 1.01 2.35 <0.001
 Second treatment3 0.60 0.07 0.38 0.81 1.82 0.003
Calving ease4       
 1 Referent      
 2 1.11 0.06 0.94 1.28 3.03 <0.001
 3 1.05 0.11 0.70 1.39 2.85 0.002
1Vaginal discharge was evaluated on d 7 after calving using a Metricheck device (Simcro). Cows with a vaginal 
discharge score 4 (i.e., red or brown color, watery, foul smelling) were considered as having metritis.
2Cows were treated with 12 × 106 IU of cholecalciferol and were reinjected with 10 × 106 UI of cholecalciferol 
if the calf was not delivered within the following 6 d.
3Cows were reinjected with 10 × 106 IU of cholecalciferol if they did not deliver the calf within 6 d after the 
first treatment.
4Calving ease was defined as: 1 = unassisted calving; 2 = calving assisted by 1 person; 3 = calving assisted by 
more than 1 person.
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ing and activation, comparable to the mode of action 
of 1,25-dihydroxycholecalciferol (Tanaka and Deluca, 
1971), which may explain the considerable increase 
of serum Ca concentrations in the present study. In 
contrast to 25-hydroxycholecalciferol, the binding affin-
ity of 1,25-dihydroxycholecalciferol is 150 times more 
effective. Therefore, high amounts of 25-hydroxychole-
calciferol are needed to activate the vitamin D recep-
tor (Brumbaugh and Haussler, 1973). The reference 
range for 25-hydroxycholecalciferol is between 50 and 
150 nmol/L (Horst and Littledike 1982; Horst et al., 
1994; Fairweather et al., 2013). Mean 25-hydroxycho-
lecalciferol concentration of cows injected once with 
12 × 106 IU of cholecalciferol was above this reference 
range beyond 10 DIM, suggesting that a reinjection 
of cows after 1 wk is not necessary. To the authors’ 
knowledge no studies in the recent past have evaluated 
the parental application of cholecalciferol in cows fed a 
negative DCAD diet prepartum. Regarding injectable 
forms of vitamin D, recent studies have focused on the 
biologically active form of 1,25-dihydroxycholecalciferol 
(Vieira-Neto et al., 2017b, 2021). Unfortunately, the 
half-life of 1,25-dihydroxycholecalciferol is short, and 
thus the optimal time for application is hard to identify, 
as prediction of calving is challenging (Wilkens et al., 
2020). To overcome this challenge, Vieira-Neto et al. 
(2017b) treated cows with 1,25-dihydroxycholecalciferol 
within 6 h after calving. Additionally, these cows were 
fed a negative DCAD diet (−123 mEq/kg) starting at 
d 255 of gestation. Plasma Ca concentrations increased 
within 24 h after calving and returned to baseline on 5 
DIM. It has been shown previously that 1,25-dihydroxy-
cholecalciferol inhibits PTH secretion (Chertow et al., 
1980). In the study by Vieira-Neto et al. (2017b), injec-
tion of 1,25-dihydroxycholecalciferol also had a negative 
effect on PTH secretion. In the group of treated cows, 
PTH was significantly lower on d 1 and 3 after calving. 
Plasma Ca concentrations were in turn reduced from 9 
to 15 DIM, compared with control cows. That group 
of authors also replicated the positive effect of 1,25-di-
hydroxycholecalciferol injection on plasma Ca levels 
in a larger number of cows (Vieira-Neto et al., 2021). 
However, beneficial effects on health in the subsequent 
lactation were observed only in overconditioned cows.

In the present study, serum BHB and serum NEFA 
concentrations on d 1, 5, and 10 were not affected 
by treatment with cholecalciferol (Figure 3A and B). 
Apart from parenteral application of 1,25-dihydroxy-
cholecalciferol, recent studies have focused on feeding 
of 25-hydroxycholecalciferol in combination with a 
negative DCAD diet (Wilkens et al., 2012; Weiss et 
al., 2015; Martinez et al., 2018a,b; Rodney et al., 2018; 
Poindexter et al., 2020). Martinez et al. (2018a) evalu-
ated the effect of a negative DCAD diet prepartum 

supplemented with 25-hydroxycholecalciferol on health 
and performance in subsequent lactation. In their study 
cows were fed 4 different prepartum diets, arranged as 
a 2 × 2 factorial design with 2 different DCAD levels 
(+130 vs. −130 mEq/kg) and 2 different vitamin D 
supplements (cholecalciferol vs. 25-hydroxycholecalcif-
erol). In the 2 groups fed a negative DCAD diet, clinical 
and subclinical hypocalcemia were efficiently reduced. 
The source of vitamin D, however, did not affect Ca 
concentrations. Furthermore, the effect of treatment on 
ketosis within the first 30 DIM was evaluated. Although 
level of DCAD did not affect the incidence of ketosis, 
feeding of 25-hydroxycholecalciferol in the close-up 
group tended to increase the percentage of cows with 
ketosis. Because cows fed 25-hydroxycholecalciferol had 
a greater milk production but no difference in caloric 
intake, the authors speculated that the negative energy 
balance caused a higher incidence of cows with ketosis. 
Martinez et al. (2016) also observed elevated NEFA 
levels, in cows with increased calcium concentrations 
following oral calcium supplementation. The reason, 
however, remains unclear.

On d 5 after calving, cows treated once with 12 × 
106 IU of cholecalciferol had a 0.43 g/L increase in se-
rum haptoglobin concentration (Figure 3C). One might 
speculate that maintaining eucalcemia in early lacta-
tion during an immune challenge appeared to intensify 
inflammation, as has been shown recently by Horst et 
al. (2020). The specific product characteristics of the 
cholecalciferol product used in this study describe that 
in some cases the product can induce allergic hyper-
sensitivity reactions. One might speculate that the 
increase in haptoglobin concentration is due to a local 
reaction at the site of cholecalciferol injection. In this 
case, however, it remains unclear why serum haptoglo-
bin concentrations were not elevated on d 1 after calv-
ing and why cows that were reinjected with a second 
dose of cholecalciferol did not have even more elevated 
serum haptoglobin concentrations. Signs of toxicity in 
cows treated with 15 × 106 IU of cholecalciferol 1 mo 
before calving and 2.5 × 106 IU 1 wk later were de-
scribed by Littledike and Horst (1982). Clinical mani-
festation of vitamin D toxicity is mediated by constant 
hypercalcemia (Vieth, 1990). In the study by Littledike 
and Horst (1982) 10 out of 17 treated animals died, 
with 8 cows showing clinical signs of vitamin D toxicity, 
such as inappetence, polypnea with pronounced expira-
tion, stiffness of joints, and recumbency. Cows enrolled 
in the earlier study were Jersey cows, most probably 
weighing 300 to 400 kg less than the Holstein Friesian 
cows enrolled in this study. Moreover, the cows in the 
study by Littledike and Horst were not lactating dur-
ing the month following the first injection, leading to 
a substantially lower calcium demand compared with 
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cows in the present study. Whether the increased hap-
toglobin concentrations on d 5 presented herein were 
caused by toxic effects of cholecalciferol remains un-
clear, especially as cows reinjected with 10 × 106 IU of 
cholecalciferol had fewer signs of detrimental effects on 
production and health in early lactation. Moreover, the 
number of cows that died did not differ between control 
and treatment groups (23/188 for control vs. 18/187 for 
treated cows). It has to be emphasized, however, that 
the injected dose of 12 × 106 IU of cholecalciferol is 
extremely high. The NRC (2001) recommends an oral 
daily uptake of 30 IU/kg of BW for an adult dairy 
cow. Taking 800 kg of BW as an average weight for a 
Holstein Friesian close-up cow, the cow should receive 
24,000 IU of cholecalciferol via feed. The injection of 
12 × 106 IU of cholecalciferol exceeds the NRC recom-
mendation by 500 times. As shown in Figure 4, cows in 
the fourth lactation or greater had a significant increase 
in rectal temperature on d 2 compared with control 
cows when they were treated twice with cholecalciferol. 
In addition, our data show that treated cows had a 
greater risk for reproductive diseases in early lactation. 
Cows that were treated once with cholecalciferol before 
calving had a higher risk of incurring RP (Table 2), 
and both treatment groups had a higher risk for metri-
tis (Table 3). As part of a counter-regulation induced 

by high levels of 25-hydroxycholecalciferol, expression 
of vitamin D 24-hydroxylase (CYP24A1), an enzyme 
that converts 25-hydroxycholeclaciferol to 24,25-dihy-
droxycholecalcieferol, is upregulated (Merriman et al., 
2018). Shan et al. (1996) demonstrated that 24,25-di-
hydroxyvitmin D inhibited voltage-dependent calcium 
channels in smooth muscles. Furthermore, Levene and 
Lawson (1977) demonstrated toxic effects of different 
vitamin D metabolites, including 25-hydroxycholecal-
ciferol, on fibroblasts and endothelial cells. Because 
we did not measure the concentration of these vitamin 
D metabolites, we can only speculate that they might 
have been involved in the development of the higher 
risk of RP and metritis. In the study by Vieira-Neto 
et al. (2021), injection of 1,25-dihydroxycholecalciferol 
within 6 h after calving was, however, associated with 
a reduced incidence of RP and metritis in overcondi-
tioned cows. Martinez et al. (2018a) found a significant 
decrease in the incidence of RP and metritis in cows 
fed with 25-hydroxycholecalciferol but not in cows fed 
with cholecalciferol. Apart from the treatment effect, 
one might also speculate that cows treated once with 
cholecalciferol had a greater risk for RP due to their 
shorter GL (Vieira-Neto et al., 2017a). However, this is 
biased due to the study design, as cows with a longer 
GL received an additional injection of cholecalciferol.
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Figure 4. Effect of treatment with 12 × 106 IU of cholecalciferol 5 d before expected parturition on rectal temperature (°C) in multiparous 
dairy cows (n = 375) using least square estimates (mean ± SEM) from repeated measure ANOVA. Cows were reinjected with 10 × 106 IU of 
cholecalciferol if they did not deliver the calf within 6 d after the first treatment. Cows treated once with cholecalciferol are displayed in light 
blue (n = 133), cows treated twice with cholecalciferol are displayed in black (n = 54), and cows of the control group (n = 188) are displayed in 
gray. Time (P < 0.001) and calving ease (P = 0.001) had a significant effect on rectal temperature. A tendency was observed for treatment (P 
= 0.069), time by treatment by parity (P = 0.064), and sex of the calf to affect rectal temperature (P = 0.066). Pairwise comparisons among 
groups with Bonferroni’s corrected P < 0.05 are marked with the following letters: a, control vs. single injection of cholecalciferol; b, control vs. 
2 injections of cholecalciferol; c, single injection of cholecalciferol vs. 2 injections of cholecalciferol.
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Cows treated with 12 × 106 IU of cholecalciferol 
produced less milk on the first and second test days 
compared with cows in the control group. In contrast, 
cows that were reinjected with 10 × 106 IU of cholecal-
ciferol produced less milk compared with control cows 
only on the first test day (Figure 5). Studies evaluat-
ing the effect of feeding 25-hydroxycholecalciferol or 
cholecalciferol in combination with 2 different levels of 
prepartum DCAD diet (−130 vs. +130 mEq/kg) have 
found a positive effect of 25-hydroxycholecalciferol on 
milk production. Two studies also showed a positive 
effect on colostrum production in cows supplemented 
with 25-hydroxycholecalciferol (Martinez et al., 2018b; 
Rodney et al., 2018). Throughout the observation pe-
riod (until 49 DIM), cows supplemented with 25-hy-
droxycholecalciferol produced 3.70 kg/d more milk 
than cows fed with cholecalciferol (Martinez et al., 
2018b).

In the present study, time to pregnancy was increased 
in cows with a single injection of 12 × 106 IU of chole-
calciferol before calving (Figure 6). Cows treated once 
had a 3-d reduction in GL, greater risk for RP and 
metritis, and higher serum haptoglobin concentrations 
on d 5. The detrimental effect on reproductive health in 
early lactation might explain the delay in time to preg-
nancy for cows treated with cholecalciferol. In compari-

son, feeding cholecalciferol or 25-hydroxycholecalciferol 
led to a 19-d reduction in days open (Martinez et al., 
2018a).

Despite the negative influence of treatment on milk 
yield and reproductive performance, we did not ob-
serve a treatment effect on culling within 300 d. This 
is similar to a previous study mentioned, which found 
an association neither between feeding of cholecalciferol 
and culling risk during the following 305 d, nor between 
feeding 25-hydroxycholecalciferol and culling risk (Mar-
tinez et al., 2018a).

After a preliminary statistical analysis at d 90 of 
the study, an unacceptable incidence of diseases and 
reduction of milk yield were observed in association 
with the cholecalciferol treatment. Deviating from the 
original study protocol with an inclusion of 1,200 cows, 
the study was aborted to prevent further losses to the 
dairy farm and to avoid animal welfare issues. In hu-
man medicine trials, occurrence of early evidence of 
an inferior treatment outcome with harm to the study 
subject is commonly accepted as reason for premature 
termination of the trial (Bassler et al., 2010). A similar 
approach has been described for a study investigating 
the effect of a negative DCAD diet in the close-up 
group on postpartum health on a commercial dairy 
farm (Serrenho et al., 2021a).

Venjakob et al.: HYPOCALCEMIA IN DAIRY COWS

Figure 5. Effect of treatment with 12 × 106 IU f cholecalciferol 5 d before expected parturition on ECM (kg of ECM/d) in multiparous 
dairy cows (n = 375) using least square estimates (mean ± SEM) from repeated measure ANOVA. Cows were reinjected with 10 × 106 IU of 
cholecalciferol if they did not deliver the calf within 6 d after the first treatment. Cows treated with cholecalciferol once are displayed in light 
blue (n = 133), cows treated with cholecalciferol twice are displayed in black (n = 54), and cows of the control group (n = 188) are displayed in 
gray. Parity (P < 0.001), time (P < 0.001), time by treatment (P = 0.007), 305-d milk yield of previous lactation (P < 0.001), and calving ease 
(P = 0.008) had a significant effect on milk yield in subsequent lactation. Pairwise comparisons among groups with Bonferroni’s corrected P < 
0.05 are marked with the following letters: a, control vs. single injection of cholecalciferol; b, control vs. 2 injections of cholecalciferol.
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Cows in the control group were not treated with a 
placebo. Furthermore, we were not able to quantify 
blood cholecalciferol concentrations. Therefore, it is 
impossible to differentiate whether detrimental effects 
were provoked by the process of injection, cholecalcif-
erol toxicity, or an adjuvant substance.

CONCLUSIONS

The present study shows that prepartum injection 
with 12 × 106 IU of cholecalciferol had a pronounced 
effect on mineral metabolism and on 25-hydroxychole-
calciferol levels. Although the marked increase in serum 
Ca was promising to reduce the portion of cows with 
subclinical hypocalcemia, injection of 12 × 106 IU of 
cholecalciferol had detrimental effects on subsequent 
health, milk yield, and reproductive performance. Fur-
ther research is warranted to determine whether the 
dosage of cholecalciferol used (12 × 106 IU of cholecal-
ciferol and a reinjection if the calf was not delivered 
within 6 d following the first treatment) might be 
the reason for negative effects on serum haptoglobin 
concentration, ECM, and time to pregnancy, and to 
evaluate whether the present results can be replicated 
on other farms.
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