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ABSTRACT

The main objective of this study was to determine
the association of dry matter intake as percentage of
body weight (DMI%BW) and energy balance (EB) pre-
partum (—21 d relative to parturition) and postpartum
(28 d) with calving disorders (CDZ; dystocia, twins,
and stillbirths; n = 101) and metritis (n = 114). For
this, DMI%BW and EB were the independent variables
and CDZ and metritis were the dependent variables.
A secondary objective was to evaluate prepartum
DMI%BW and EB as predictors of CDZ and metri-
tis. For this, CDZ and metritis were the independent
variables and DMI%BW and EB were the dependent
variables. Data from 476 cows from 9 experiments were
compiled. Cows that developed CDZ had lesser post-
partum DMI%BW from d 3 to 12 and lesser energy-
corrected milk (ECM) than cows that did not develop
CDZ. Dry matter intake as percentage of BW and EB
prepartum did not affect the odds of CDZ. Cows with
metritis had lesser prepartum DMI%BW and EB. Each
0.1-percentage point decrease in the average DMI%BW
and each 1-Mcal decrease in the average EB in the
last 3 d prepartum increased the odds of having me-
tritis by 8%. The average DMI%BW and EB during
the last 3 d prepartum produced significant cut-offs
to predict metritis postpartum, which were <1.6%/d
and <2.5 Mcal/d, respectively. Cows that developed
metritis had lesser overall postpartum DMI%BW and
ECM and lesser EB from d 2 to 5 and from d 7 to
11 than cows that did not develop metritis. The main
limitation in this study is that the time-order of disease
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relative to DMI%BW and ECM is inconsistent such
that postpartum outcomes were measured before and
after disease, which was diagnosed at variable intervals
after calving. In summary, prepartum DMI%BW and
EB were associated with and were predictors of me-
tritis although the effect sizes were small for metritis,
and calving disorders and metritis were associated with
decreased DMI%BW and ECM postpartum.

Key words: dry matter intake, transition period,
calving disorder, metritis, dairy cow

INTRODUCTION

Transition dairy cows experience a decline in DMI
in the last week of gestation, and the early-lactation
period is typically characterized by an increase in the
incidence of disorders that compromise production and
survival. The decline in DMI during the prepartum
period occurs in the last 10 d of gestation, although it
is more pronounced in the last 4 d before calving (Hay-
irli et al., 2002). The decrease in DMI prepartum and
insufficient DMI postpartum lead to a state of negative
nutrient balance characterized by lipid mobilization and
an increase in circulating concentrations of nonesteri-
fied fatty acids (NEFA) and BHB (Drackley, 1999;
Grummer et al., 2004; French, 2006). Concentrations
of NEFA >0.3 mM within 2 wk prepartum have been
shown to increase the risk of uterine disorders such as
metritis (Ospina et al., 2010b; Sepilveda-Varas et al.,
2015). Metritis is associated with reduced milk yield,
impaired reproductive performance, and increased
culling, which taken together result in economic losses
(Overton and Fetrow, 2008; Mahnani et al., 2015).
Cows with calving disorders (CDZ) such as dystocia,
twins, or stillbirths, which are major risk factors for
metritis, also have increased risk of culling (Vergara
et al., 2014). Therefore, given the relevance of CDZ
and uterine disorders, it is important to understand the
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Figure 1. Causal diagram showing the relationship of DMI and energy balance with postpartum diseases and its consequences. Based on
the work of the following: 1 = Beam and Butler (1999); 2 = Correa et al. (1993); 3 = Grohn et al. (1998); 4 = Suriyasathaporn et al. (2000); 5
= Kimura et al. (2002); 6 = Santos et al. (2004); 7 = Hammon et al. (2006); 8 = Proudfoot et al. (2009); 9 = Ospina et al. (2010a); 10 = Ospina
et al. (2010b); 11 = Martinez et al. (2012); 12 = McArt et al. (2012); 13 = Ribeiro et al. (2013); 14 = Raboisson et al. (2014).

factors associated with increased risk of these disorders
to be able to devise strategies to reduce their incidence
and mitigate their negative effects on reproductive per-
formance, culling, and profitability.

Previous research has observed that cows with severe
metritis had reduced prepartum DMI, more notice-
ably in the last week of gestation, compared with cows
with no metritis (Huzzey et al., 2007). Furthermore,
each 1-kg decrease in DMI in the last week of gesta-
tion increased the odds of severe metritis by 2.9 times
(Huzzey et al., 2007). Nonetheless, because cows with
other disorders (e.g., mastitis, vaginal tears, digestive
disorder) were excluded, these estimates are from a
subset of the population and may not represent the
whole population. In addition, the contribution of DMI
to a predictive model that includes other risk factors
for metritis such as parity, CDZ, and retained placenta
(RP) has not been evaluated. Therefore, further evalu-
ation of prepartum DMI as a risk factor for metritis
is warranted. Although a few studies have evaluated
the association of DMI with dystocia (Proudfoot et al.,
2009) and metritis (Huzzey et al., 2007; Schirmann et

al., 2016), a comprehensive study of the association
of pre- and postpartum DMI as percentage of BW
(DMI%BW) and pre- and postpartum energy balance
(EB) with CDZ and metritis is lacking.

The hypothesis of this study was that reductions in
DMI%BW and EB during the transition period are as-
sociated with CDZ and metritis (Figure 1). Our main
objective was to evaluate the association of prepartum
and postpartum DMI%BW and EB with CDZ (dys-
tocia, twins, and stillbirths) and metritis. A second-
ary objective was to evaluate the use of prepartum
DMI%BW and EB as predictors of CDZ and metritis.

MATERIALS AND METHODS
Experimental Design and Sample Size

A retrospective longitudinal study was performed
using the data from 476 cows (139 primigravid and
337 multigravid) from 9 experiments conducted at the
University of Florida research dairy unit, located in the
city of Hague, Florida. This was a convenience sample;
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Table 1. Frequency of calving and uterine disorders diagnosed during the first 21 d postpartum

Disease/disorder Frequency Percentage, % MPP! IQR?
Calving problems® 101 21.2 0 0
Dystocia 79 16.6 0 0
Calving score 5 4 0.8 0 0
Calving score 4 13 2.7 0 0
Calving score 3 35 74 0 0
Calving score 2 27 5.7 0 0
Calving score 1 397 83.4 0 0
Twins 13 2.7 0 0
Stillbirth 25 5.3 0 0
Metritis 114 24.0 5 (2-12) 3

1 . . .. . .
Average days postpartum when the disorder was diagnosed (minimum-maximum in parentheses).

Interquartile range.

3Calving problems = twins, stillbirth, and dystocia (cows with calving ease score >2 were considered to have
dystocia). Calving score: 1 = no assistance; 2 = assistance by 1 person without the use of mechanical traction;
3 = assistance by 2 or more people; 4 = assistance with mechanical traction; 5 = fetotomy or cesarean section.
Sixteen cows with calving problems had more than 1 condition.

therefore, no a priori sample size calculation was per-
formed. For continuous variables, approximately 100
cows in the affected group (CDZ, n = 101; metritis, n
= 114; Table 1) would be needed to detect significant
differences with an effect size of 0.20 (e.g., difference
in DMI of 0.1%/d when prepartum SD is 0.5%/d of
DMI%BW), a of 0.05, and 3 of 0.2. Individual experi-
ments were approved by the University of Florida Ani-
mal Research Committee.

The University of Florida dairy unit milked approxi-
mately 500 Holstein cows twice daily, with a rolling
herd average of approximately 10,500 kg/cow and an
average BW of 560 kg (range: 371-793 kg) for primi-
gravid cows and 660 kg (range: 459-898 kg) for multi-
gravid cows. The freestall beds and walking alleys were
cleaned twice daily. Clean and dry sand was added on
the top of the freestall beds twice weekly. Fans with
misters and sprinklers over the feed rail were present
in the barns and activated when environmental tem-
peratures increased above 20°C. There were 2 pre- and
postpartum pens, each with a maximum capacity of 30
cows. The stocking density was maintained between 80
and 100%. Cows were vaccinated and treated for com-
mon diseases or disorders according to the standard
operating procedures developed with participation of
the veterinarians from University of Florida College of
Veterinary Medicine Food Animal Reproduction and
Medicine Service (FARMS).

The experiments were conducted from 2007 to 2015.
Six of the 9 experiments were conducted during the
hot months (June to October) to evaluate the effect of
evaporative cooling during the dry period on produc-
tion measures (do Amaral et al., 2009, 2011; Tao et
al., 2011, 2012; Gomes, 2014; Thompson et al., 2014).
For these experiments, cows were provided with shade
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only or with shade plus evaporative cooling with fans
and sprinklers. The average environmental temperature
during the 3 wk before calving for these experiments
was 26.9 + 2.0°C, and the temperature-humidity index
(THI) was 77.7 + 2.8. Herein, we maintained the cat-
egorization of heat stress abatement applied in these
6 previous experiments, resulting in cows categorized
as hot with evaporative cooling (n = 108) or hot with-
out evaporative cooling (n = 106). In the remaining
studies, prepartum cows were enrolled from December
to May with an average environmental temperature
of 16.6 + 3.4°C and THI of 61.8 £+ 8.9 (Greco, 2014;
Martinez et al., 2018; Zenobi et al., 2018), and cows
were provided with evaporative cooling with fans and
sprinklers when temperatures increased above 20°C.
Fans and sprinklers turned on and off automatically
based on thermostat reading. Fans stayed on while en-
vironmental temperature exceeded 20°C, but sprinklers
were on cycles of 1 min on and 3 min off. Cows enrolled
in the experiments from December to May could still
be exposed heat stress. As far as we know, a heat stress
THI cut-off for the dry period has not been established;
therefore, we chose a prepartum cut-off of THI >70 as
the midpoint between the traditional (72) and revised
(68) THI cut-offs for lactating dairy cows (Armstrong,
1994; Zimbelman et al., 2009). Hence, we categorized
cows as hot with evaporative cooling when the average
THI during the last 3 wk prepartum was >70 (n =
58 cows) and cool when the average THI for the last
3 wk prepartum was <70 (n = 204). To account for
any conditional effect of heat abatement, the variable
heat stress abatement was created: cool, hot without
evaporative cooling, and hot with evaporative cooling.
The following formula was used to calculate the THI
according to Dikmen and Hansen (2009):
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THI = 0.8° ambient temperature
+ [(relative humidity/100)
X (ambient temperature — 14.3)] + 46.4.

The meteorological data obtained from Weather Un-
derground (2016) for the city of Hague, Florida, was
used to calculate THI.

Measurement of DMI

Cow DMI was recorded daily using a system with
individual feeding gates (Calan gates, American Calan
Inc., Northwood, NH). For this study, we used DMI
collected from d —21 to —1 prepartum and from d 1 to
28 postpartum. Dry matter intake on the day of calving
(d 0) was not included because upon parturition the
diet changed from a prepartum diet to a lactating diet
and intake could not be accurately recorded.

Milk Yield and ECM

Cows were milked twice a day, and milk production
was recorded automatically using milk meters (AfiFlo;
S.A.E. Afikim, Kibbutz Afikim, Israel). Data for milk
components such as concentrations of fat, true protein,
and lactose were available either daily (n = 356) or
weekly (n = 120). For cows sampled weekly, daily
measurements were estimated by interpolation. Milk
fat percentage decreased linearly from wk 1 to 4 of
lactation (Gross et al., 2011); therefore, interpolation
would be an acceptable method for estimating daily
fat percentage. For example, when fat percentage was
available for d 7 (fat % = 3.12) and d 14 (fat % =
3.55) postpartum, fat percentage on each subsequent
day from d 7 to 14 was calculated using the following
formula:

fat % subsequent day =
[(fat % d 14 — fat % d 7)/7] + fat % previous day.

For d 8, fat % d 8 = [(3.55 — 3.12)/7] + fat % d 7 =
0.06 + 3.12 = 3.18%. Energy-corrected milk was calcu-
lated as follows (derived from NRC, 2001):

ECM = (0.3246 x kg of milk) + (12.86 x kg of fat)
+ (7.04 x kg of protein).
BW and BCS

Cows were weighed daily (n = 232 cows) or weekly
(n = 230 cows) using a digital scale (AfiWeight, S.A.E.
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Afikim). For cows weighed weekly, daily BW was esti-
mated by interpolation. The prepartum BW was not
available for 14 cows. Body weight was used to calculate
DMI%BW and EB. Body condition was scored weekly
by a member of the research team in each experiment
prepartum (range: d —21 to —1 relative to parturition)
and postpartum (range: d 0 to 28 relative to parturi-
tion) using a 1-to-5 scale (1 = emaciated, 5 = obese)
according to Ferguson et al. (1994). Agreement among
BCS observers was not evaluated.

EB

Prepartum and postpartum EB were calculated us-
ing NRC (2001) equations for energy requirements as
follows:

EB prepartum = NE; intake
— (NEy, pregnancy + NE; maintenance),

EB postpartum = NE;, intake
— (NE;, maintenance + NE;, milk),

where NE; intake, NE; maintenance, NE; pregnancy,
and NE; milk were calculated as follows:

NE; intake = DMI x NE of the diet,
NE; maintenance = (BW’" x 0.08),

NE,, pregnancy = [(0.00318 x day of gestation
~0.0352) x (calf BW/45)]/0.218,

NE; milk = (9.35 x milk yield x fat %/100)
+ (5.35 x milk yield x protein %/100)
+ (3.95 x milk yield x lactose %/100).

Health Disorders

Detailed paper and electronic health records were
kept for each cow. Each cow underwent a complete
physical examination before enrollment in the initial
trials, and cows showing signs of disease or disorders
such as mastitis, lameness, digestive disorders, or pneu-
monia were not enrolled in the trials. Each cow under-
went scheduled complete physical examinations by a
trained herdsperson or by a veterinarian from FARMS
at University of Florida on d 4, 7, and 12 postpartum.
Furthermore, cow attitude was monitored daily prepar-
tum by a member of the research team when cows were

Journal of Dairy Science Vol. 102 No. 10, 2019



9142

individually fed at 0600 and 1800 h and throughout
the day when feed was pushed manually using a shovel
every 2 h from 0800 to 2000 h. Any cow showing signs
of depression, inappetence, lethargy, altered stride,
or inflammation of the mammary gland underwent a
physical examination by a trained herdsperson or by
a FARMS veterinarian. Cows that became sick during
the prepartum period were excluded. In addition to cow
attitude, daily milk yield was monitored postpartum.
Cows with a decrease in milk yield greater than 10%
underwent a physical examination by a trained herd-
sperson or by a FARMS veterinarian. The veterinarians
from FARMS performed physical examinations and
provided supervision and training of herd personnel
performing clinical diagnosis and treatment of postpar-
tum cows at least once a week. Additionally, FARMS
veterinarians were called to assist or confirm clinical
diagnosis or treatment of postpartum cows through-
out the weekdays and weekends. Only disease events
occurring during the first 28 DIM were used in this
study. We first retrieved the electronic health records
and then confirmed the information using the paper
health records. Cows with mismatched information or
with a disease diagnosis prepartum were excluded from
the study. The health disorders evaluated were CDZ
(dystocia, twins, stillbirths), metritis, ketosis, and mas-
titis. Calving difficulty was scored using a scale from
1 to 5 (1 = no assistance; 2 = assistance by 1 person
without the use of mechanical traction; 3 = assistance
by 2 or more people; 4 = assistance with mechanical
traction; 5 = fetotomy or cesarean section). Cows that
required assistance (score >2) were considered to have
dystocia. Stillbirth was defined as the birth of a dead
calf or a calf that died within 24 h of birth. Metritis
was characterized by presence of red-brownish watery
fetid vaginal discharge within 21 DIM regardless of
rectal temperature (Benzaquen et al., 2007). Detailed
information about ketosis and mastitis is presented in
a separate companion paper (Pérez-Béez et al., 2019).
Cows suffering from metritis, ketosis, or mastitis were
treated according to the farm standard operating proce-
dure (https://vetmed-extension.sites.medinfo.ufl.edu/
files/2012/01/WEB_VERSSION_-2011-Dairy-Unit
-Complete-SOPs-vers-11-07-01-with-Title-page.pdf).

Statistical Analysis

ANOVA for Repeated Measures. To evaluate the
association of prepartum and postpartum DMI%BW
and EB with CDZ and metritis, we analyzed the data
using ANOVA for repeated measures using the MIXED
procedure of SAS version 9.4 (SAS Institute Inc., Cary,
NC). The data were divided into 2 periods, prepartum
and postpartum. The dependent variables were pre-

Journal of Dairy Science Vol. 102 No. 10, 2019

PEREZ-BAEZ ET AL.

partum DMI%BW or EB and postpartum DMI%BW,
EB, and ECM. The independent variable was 1 of the
2 disorders (CDZ or metritis), which were modeled
separately; cows that developed CDZ were compared
with cows that did not develop CDZ, and cows that
developed metritis were compared with cows that did
not develop metritis. Cows that did not develop CDZ
could have developed any other disorder, including
metritis. Likewise, cows that did not develop metritis
could have developed any other disorder. Other stud-
ies have used healthy cows as the comparison group
(Huzzey et al., 2007). However, this would introduce
selection bias; therefore, this could artificially increase
the differences in the measures of DMI%BW between
the groups and inflate the estimates in a prediction
model. Although the focus of this study was the com-
parison between cows affected with CDZ and metritis
and unaffected cows, a comparison with healthy cows
(i.e., cows that did not develop any disorder or disease
diagnosed in the first 28 DIM) was also performed for
comparison with the previous literature. Correlations
between variables considered for inclusion in the mod-
els for this and the companion studies were assessed us-
ing Spearman’s correlation using the CORR procedure
in SAS and are presented in Supplemental Table S1
(https://doi.org/10.3168/jds.2018-15878). The models
also included the fixed effects of parity (primigravid vs.
multigravid), BCS in the last week prepartum (<3.75
vs. >3.75; Gearhart et al., 1990), day relative to calving
(prepartum = d —21 to —1; postpartum = d 1 to 28),
heat stress abatement (cool, hot without evaporative
cooling, and hot with evaporative cooling), and 2-way
interactions between disorder and other covariates, and
cow was nested within experiment as a random effect.
First-order autoregressive, compound symmetry, and
unstructured covariance structures were tested, and
the first-order autoregressive was selected because it
resulted in the smallest Akaike’s information criterion.

An as example, the initial model to evaluate the asso-
ciation between prepartum DMI%BW and metritis was

DMI%BW prepartum = metritis + day
+ heat stress abatement + BCS + parity + metritis
X day + metritis x heat stress abatement + metritis

x BCS + metritis x parity + cow (experiment).

The disorder of interest was forced into the model, but
other variables were removed from the model by step-
wise backward elimination according to Wald statistics
criterion when P > 0.05. When an interaction was de-
tected (P < 0.05), mean separation was assessed using
the SLICE statement in the MIXED procedure, and
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multiple comparisons were performed using the Tukey-
Kramer adjustment method in SAS.

Dystocia was first evaluated using all of the calv-
ing scores (1-5) but was then dichotomized (score 1 =
eutocia; score >2 = dystocia) because the pattern of
DMI%BW and EB was similar among cows with calving
ease score >2 (data not shown). Dystocia, twins, and
stillbirths were first evaluated separately, but because
the pattern of DMI%BW and EB was similar (data not
shown), they were combined into the variable CDZ to
limit the number of variables presented in the paper.
In addition, we analyzed absolute DMI as a dependent
variable, and the results are shown in Supplemental
Table S2 (https://doi.org/10.3168/jds.2018-15878).

An additional ANOVA for repeated measures was
performed to evaluate which disease or disorder had
the strongest association with prepartum DMI%BW
and EB. The dependent variables were prepartum
DMI%BW or EB. As independent variables we included
all the diseases or disorders evaluated postpartum (i.e.,
CDZ, metritis, ketosis, digestive disorders, mastitis, and
lameness) and other covariates such as parity, BCS,
day relative to parturition, and heat stress abatement.
Cow was nested within experiment as a random effect.
Independent variables were removed from the model
by stepwise backward elimination according to Wald
statistics criterion when P > 0.05.

Logistic Regression for Mixed Effects. To evalu-
ate the use of prepartum DMI%BW and EB as pre-
dictors of CDZ and metritis, each disease or disorder
was considered the dependent variable and DMI%BW
and EB were considered as independent variables.
These data were analyzed by logistic regression with
the GLIMMIX procedure of SAS. In this case, each
disease or disorder was the dependent variable and the
measures of prepartum DMI%BW or EB were assessed
separately in different models as independent variables.
For this purpose, we created the variables average
DMI%BW or EB in the last 14, 7, and 3 d prepartum
and reduction from d —8 to —1 and from d —4 to —1.
Univariable and multivariable models were performed.
The univariable models included cow nested within ex-
periment as a random variable. Measures of DMI%BW
or EB with P < 0.20 were selected for inclusion in the
multivariable logistic regression models. Multivariable
models also included parity (primigravid vs. multigrav-
id), prepartum BCS (<3.75 vs. >3.75), and heat stress
abatement (cool, hot without evaporative cooling, and
hot with evaporative cooling) and cow nested within
experiment as a random effect. The model for metritis
also included the fixed effects of CDZ and RP. Two-
way interaction terms between significant measures of
DMI%BW and EB and other covariates were tested.
A stepwise backward elimination was performed, and
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explanatory variables with P > 0.05 according to the
Wald statistics criterion were removed from the model.

When a measure of DMI%BW or EB prepartum was
found to be significant (P < 0.05) after addition to
the logistic regression model containing other covari-
ates, we assessed their contribution to the predictive
ability of the logistic regression model by comparing
the area under the curve (AUC) of a receiver operat-
ing characteristic curve of the model with and without
the significant measures of DMI%BW or EB using the
ROCCONTRAST statement of the LOGISTIC pro-
cedure of SAS as previously reported (Vergara et al.,
2014). An AUC <0.50 was considered noninformative,
AUC between 0.50 and 0.70 was considered to have low
accuracy, AUC between 0.70 and 0.90 was considered
accurate, and AUC between 0.9 and 1.0 was considered
highly accurate (Swets, 1988). Finally, we determined
cut-off values for significant measures of DMI%BW and
EB prepartum for predicting CDZ and metritis using a
receiver operating characteristic curve, and the cut-off
with the greatest Youden’s J statistic, which combines
the values for sensitivity (Se) and specificity (Sp), was
chosen. The Se, Sp, positive predicted value, negative
predictive value, and overall accuracy of applying the
cut-off to predict clinical mastitis and lameness were
calculated. Statistical significance was considered when
P < 0.05. The main limitation in this study was that
the time-order of disease relative to DMI%BW and
ECM was inconsistent such that postpartum outcomes
were measured before and after disease, which was di-
agnosed at variable intervals after calving.

RESULTS

The frequency of calving and uterine disorders di-
agnosed during the first 21 d postpartum is presented
in Table 1. Results for the comparison between cows
that developed CDZ and metritis and healthy cows are
presented in the supplemental files (https://doi.org/10
.3168/jds.2018-15878). Spearman correlation coefficient
is shown in Supplemental Table S1. The association of
pre- and postpartum DMI with CDZ and metritis is
shown in Supplemental Table S2. The association of
pre- and postpartum DMI, DMI%BW, EB, and ECM
with CDZ and metritis compared with healthy cows is
shown in Supplemental Tables S3 and S4, respectively.
The association of pre- and postpartum DMI with CDZ
and metritis is shown in Supplemental Figure S1. The
association of pre- and postpartum DMI, DMI%BW,
EB, and ECM with CDZ compared with healthy cows
is shown in Supplemental Figure S2. The association of
pre- and postpartum DMI, DMI%BW, EB, and ECM
with metritis compared with healthy cows is shown in
Supplemental Figure S3.
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Figure 2. Association of calving disorders postpartum with (A)
DMI as percentage of BW (DMI%BW), (B) energy balance (EB,
Mcal/d) during the transition period (from —21 to 28 d), and (C)
ECM (kg/d) during the first 28 d postpartum. Values are LSM =+
SEM. Prepartum DMI%BW: calving disorders, P = 0.99; day relative
to parturition, P < 0.01; interaction between calving disorders and
day, P = 0.12. Prepartum EB: calving disorders, P = 0.62; day rela-
tive to parturition, P < 0.01; interaction between calving disorders and
day, P = 0.25. Postpartum DMI%BW: calving disorders, P = 0.07; day
relative to parturition, P < 0.01; interaction between calving disorders
and day, P < 0.01. Postpartum EB: calving disorders, P = 0.56; day
relative to parturition, P < 0.01; interaction between calving disorders
and day, P < 0.01. ECM: calving disorders, P < 0.01; day relative to
parturition, P < 0.01; interaction between calving disorders and day,
P < 0.01. *P < 0.05.
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Association of Prepartum DMI%BW and EB with CDZ

Calving disorders were not associated with prepar-
tum DMI%BW (Figure 2A) or EB (Figure 2B; Table
2).

Prepartum DMI%BW and EB as Predictors of CDZ

None of the measures of DMI%BW and EB were
found to be significant predictors of CDZ in the uni-
variable or multivariable models (P > 0.10).

Association of Postpartum DMI%BW,
EB, and ECM with CDZ

The association between CDZ and postpartum
DMI%BW and postpartum EB was dependent on
time (Table 2). Cows that developed CDZ had lesser
DMI%BW from d 3 to 12 (P < 0.05; Figure 2A) but
greater EB on d 15 (P = 0.03), 18 (P < 0.01), and 23
(P = 0.05) compared with cows that did not develop
CDZ (Figure 2B). The ECM for cows that developed
CDZ was lesser (P < 0.01) compared with cows that
did not develop CDZ (Table 2), and an interaction (P
< 0.01) between CDZ and day on ECM showed that
cows that developed CDZ had lesser ECM compared
with cows that did not develop CDZ from d 4 to 27
postpartum (P < 0.05; Figure 2C).

Association of Prepartum DMI%BW
and EB with Metritis

Metritis was associated with prepartum DMI%BW
and EB (Table 3). Cows that developed metritis had
lesser prepartum DMI%BW (P = 0.01) compared with
cows that did not develop metritis (Table 3; Figure 3A)
and had lesser EB (P = 0.02) during the prepartum pe-
riod compared with cows that did not develop metritis
(Table 3; Figure 3B).

Prepartum DMI%BW and EB as Predictors of Metritis

Of the covariates evaluated, CDZ and RP were the
only significant predictors of metritis. Cows with CDZ
had increased odds of developing metritis compared
with cows that did not have CDZ (odds ratio, OR:
2.7, 95% CI: 1.5-4.7; P < 0.01). Cows with RP had in-
creased odds of developing metritis compared with cows
that did not have RP (OR: 46.3; 95% CI: 10.2-208.9; P
< 0.01). The average DMI%BW and EB during the last
3 d prepartum were significant predictors (P < 0.05)
of metritis in both the univariable and multivariable
models. In the multivariable model, there was an 8%
increase in the odds of having metritis for each 0.1-per-
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Table 2. Association of prepartum (—21 to —1 d) and postpartum (1 to 28 d) DMI as percentage of BW (DMI%BW), energy balance (EB),

and ECM with calving disorders according to multivariable analysis'

Prepartum P-value Postpartum P-value
Ttem CDZ No CDZ CDZ Day CDZxD CDZ No CDZ CDZ Day CDZ x D
DMI%BW 1.54 £0.04 1.74 + 0.02 0.99 <0.01 0.12 2.62 £ 0.06 2.75 £ 0.03 0.07  <0.01 <0.01
EB, Mcal/d 2.5+ 0.4 2.7+ 0.2 0.62 <0.01 0.25 —4.4 4+ 0.7 —4.8 + 04 0.56  <0.01 <0.01
ECM, kg/d — — — — — 30.6 £ 1.1 34.0 £ 0.6 <0.01 <0.01 <0.01

'CDZ = calving disorders; day = day relative to parturition; CDZ x D = interaction between CDZ and day. Values are LSM 4 SEM.

centage point decrease in the average DMI%BW in the
last 3 d prepartum and for each 1-Mcal decrease in the
average EB in the last 3 d prepartum (Table 4). The
average DMI%BW ranged from 0.3 to 2.9%/d, and the
average EB ranged from —12.5 to 17.4 Mcal/d.

When the average DMI%BW and EB in the last
3 d prepartum were included individually in the me-
tritis-predicting models containing RP and CDZ, the
AUC increased from 0.67 (95% CI: 0.62-0.71) to 0.72
(95% CI: 0.68-0.76) and from 0.67 to 0.72 (95% CI:
0.68-0.76), respectively, and the differences between
the areas were statistically significant (P < 0.05). The
average DMI%BW and EB during the last 3 d prepar-
tum produced significant (P < 0.01) cut-offs to predict
metritis, which were <1.6%/d and <2.5 Mcal/d, re-
spectively (Table 5).

Association of Postpartum DMI%BW, EB,
and ECM with Metritis

Cows that developed metritis had lesser postpartum
DMI%BW (P < 0.01) compared with cows that did
not develop metritis (Table 3), and an interaction (P
< 0.01) between metritis and day showed that post-
partum DMI%BW for cows that developed metritis
was lesser than for cows that did not develop metritis
from d 1 to 26 and on d 28 postpartum (Figure 3A).
The association between metritis and postpartum EB
was dependent on time (Table 3). Cows that developed
metritis had greater negative EB from d 2 to 5 and
from d 7 to 11 and lesser negative EB from d 25 to
27 compared with cows that did not develop metritis
(Figure 3B). The ECM for cows that developed metritis

was lesser (P < 0.01) compared with that for cows that
did not develop metritis (Table 3), and an interaction
(P < 0.01) between metritis and day on ECM showed
that cows that developed metritis had lesser ECM from
d 3 to 28 postpartum than cows that did not develop
metritis (P < 0.05; Figure 3C).

Association of Prepartum DMI%BW and EB
with Postpartum Disorders

When all diseases or disorders were included in the
model, the association between metritis and prepartum
DMI%BW lost significance (P = 0.08), but metritis
remained associated with prepartum EB (P = 0.04),
and the direction of the association was the same as
reported herein. Ketosis was associated with prepartum
DMI%BW and EB (P < 0.01), and mastitis was associ-
ated with prepartum DMI%BW (P = 0.05; Table 6).

DISCUSSION

The objectives of this study were to evaluate the as-
sociation of prepartum and postpartum DMI%BW and
EB with CDZ and metritis and to evaluate prepartum
DMI%BW and EB as predictors of CDZ and metritis.
It was hypothesized that DMI%BW and EB during the
transition period would be associated with CDZ and
metritis. Herein, we showed that prepartum DMI%BW
or EB were not associated with CDZ, but cows that de-
veloped metritis had decreased overall DMI%BW and
EB prepartum. Furthermore, the average DMI%BW
and EB in the last 3 d prepartum were significant ex-
planatory variables for metritis, and the addition of

Table 3. Association of prepartum (—21 to —1 d) and postpartum (1 to 28 d) DMI as percentage of BW (DMI%BW), energy balance (EB),

and ECM with metritis according to multivariable analysis'

Prepartum P-value Postpartum P-value
Item MET No MET MET Day MET x D MET No MET MET Day MET x D
DMI%BW 1.55 £ 0.04 1.65 £ 0.02 0.01 <0.01 0.33 2.39 £0.06  2.80 £+ 0.03 <0.01 <0.01 <0.01
EB, Mcal/d 19+04 2.9+ 0.2 0.02  <0.01 0.09 —5.2+ 0.6 —4.6 £ 0.4 0.37  <0.01 <0.01
ECM, kg/d — — — — — 29.0 £ 1.0 34.5 £ 0.6 <0.01 <0.01 <0.01

'MET = metritis; day = day relative to parturition; MET x D = interaction between metritis and day. Values are LSM 4+ SEM.

Journal of Dairy Science Vol. 102 No. 10, 2019



9146

—e— No metritis
—O— Metritis

P<00s

DMI, % of BW

[¥]

-20 -10 0 10 20 30

Net EB, Mcal/d

SO-C

40 1 | Pso0s |

30

ECM, kg/d

20

0 5 10 15 20 25 30
Day relative to parturition

Figure 3. Association of metritis postpartum with (A) DMI as
percentage of BW (DMI%BW), (B) energy balance (EB, Mcal/d) dur-
ing the transition period (from —21 to 28 d), and (C) ECM (kg/d)
during the first 28 d postpartum. Values are LSM £+ SEM. Prepartum
DMI%BW: metritis, P = 0.01; day relative to parturition, P < 0.01;
interaction between metritis and day, P = 0.33. Prepartum EB: metri-
tis, P = 0.02; day relative to parturition, P < 0.01; interaction between
metritis and day, P = 0.09. Postpartum DMI%BW: metritis, P < 0.01;
day relative to parturition, P < 0.01; interaction between metritis
and day, P < 0.01. Postpartum EB: metritis, P = 0.37; day relative
to parturition, P < 0.01; interaction between metritis and day, P <
0.01. ECM: metritis, P < 0.01; day relative to parturition, P < 0.01;
interaction between metritis and day, P < 0.01. The main limitation in
this study was that the time-order of disease relative to DMI and milk
yield was inconsistent such that postpartum outcomes were measured
before and after disease, which was diagnosed at variable intervals
after calving. *P < 0.05.
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DMI%BW and EB in the last 3 d prepartum to a model
containing CDZ and RP significantly increased the pre-
dictive ability of the model. Postpartum DMI%BW and
ECM was decreased for cows that developed CDZ and
metritis. In addition, cows that developed metritis had
greater negative EB from d 2 to 9.

Previous studies have evaluated the association of
prepartum absolute DMI with dystocia (Proudfoot et
al., 2009) and metritis (Huzzey et al., 2007; Schirmann
et al., 2016). Proudfoot et al. (2009) found that cows
that had dystocia consumed 12% less DMI during the
last 2 d prepartum compared with cows with eutocia.
Conversely, we observed that DMI (Supplemental
Table S2 and Supplemental Figure S1, panel A; https:
//doi.org/10.3168/jds.2018-15878), DMI%BW, and
EB were similar among cows that did and did not
have CDZ (dystocia, twins, and stillbirths) through-
out the entire prepartum period. Likewise, measures
of DMI%BW or EB prepartum were not significant
explanatory variables for CDZ. It is not clear why the
discrepancy between our findings and previous findings
exists (Proudfoot et al., 2009). One possibility is dif-
ferences in the definition of dystocia. In the study by
Proudfoot et al. (2009), cows that required 2 or more
people to deliver the calf were compared with cows that
required no assistance, whereas cows that required only
1 person to deliver the calf were excluded. Nonethe-
less, even when we compared all of the calving scores,
we could not observe an effect of higher calving scores
(>2) on prepartum DMI, DMI%BW, and EB, and we
obtained similar results when it was compared with
healthy cows (Supplemental Table S3; https://doi.org/
10.3168/jds.2018-15878). Herein, we included a large
number of cows with dystocia (n = 79), which provides
considerable confidence in the association of prepartum
DMI%BW and EB with dystocia. Moreover, we found
no association of prepartum DMI%BW and EB with
twins or stillbirths when compared with cows that did
not develop twins or stillbirths. Nonetheless, when cows
that had CDZ were compared with healthy cows, cows
that had CDZ had lesser prepartum DMI%BW and
EB (Supplemental Table S3 and Supplemental Figure
S2, panels B and C; https://doi.org/10.3168/jds.2018
-15878). When evaluated separately, cows that had
twins showed lesser prepartum DMI%BW and EB than
healthy cows carrying singletons (data not shown),
and cows that had dystocia and stillbirths had similar
prepartum DMI%BW and EB compared with healthy
cows (data not shown). This finding, although not ob-
servable at the herd level because cows that do not have
twins may have other disorders that affect DMI, may
be a consequence of greater discomfort in cows carrying
twins compared with cows carrying singletons. To our
knowledge, this is the first study to evaluate DMI%BW
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Table 4. Effect of each 0.1-percentage point decrease in average DMI as a percentage of BW (DMI%BW) and
each unit decrease in average energy balance (EB) in the last 3 d prepartum on diseases or disorders in the

first 28 d postpartum

DMI, % of BW EB, Mcal/d
Disorder OR! 95% CI P-value OR 95% CI P-value
CDZz? 1.04 0.98-1.09 0.17 1.02 0.96-1.07 0.57
Metritis 1.08 1.02-1.14 <0.01 1.08 1.03-1.14 <0.01
'0dds ratio.

*Calving disorders (twins, stillbirth, dystocia).

and EB prepartum in cows that developed twins or
stillbirths. Liboreiro et al. (2015) compared daily ru-
mination time prepartum in cows that had twins and
cows that had singletons and found no difference, but
cows that had stillbirths had lower rumination time
during the majority of the prepartum period than cows
that had live calves, which may indicate a decrease in
DMI prepartum in cows that had stillbirths. Nonethe-
less, rumination time was found not to be correlated
with DMI because of the negative correlation between
rumination time and feeding time (Schirmann et al.,
2012); therefore, rumination time may be affected with-
out affecting DMI.

During the postpartum period, cows that had CDZ
had lesser DMI%BW and greater negative EB than
cows that did not have CDZ. Proudfoot et al. (2009)
showed that cows that had dystocia had similar DMI
during the first 24 and 48 h after calving and no differ-
ences in meal sizes after calving. Although we did not
find any difference between groups in DMI%BW on d
1 after calving, the DMI%BW was lesser starting on d
3, and DMI was lesser starting on d 2 (Supplemental
Figure S1, panel A; https://doi.org/10.3168/jds.2018
-15878), and such differences continued until d 12. The
negative association between CDZ and DMI%BW may
be a consequence of pain associated with dystocia and
the predisposition of cows with dystocia to have vul-
vovaginal lacerations (Vieira-Neto et al., 2016), which
may decrease the cow’s appetite in the first few days
postpartum because of the associated pain and discom-
fort. In addition, CDZ are a risk factor for metritis,
which may further decrease DMI%BW because of the
associated clinical signs of the disease, such as fever and
lethargy, and the associated pain (Stojkov et al., 2015).

Postpartum EB deficit in cows that had CDZ was
similar to that in cows that did not have CDZ during
the first day of postpartum, and then the deficit was
lesser in some days after 2 wk relative to parturition.
This was mainly because cows that had CDZ had lesser
ECM throughout the observation period but recovered
DMI after 14 DIM. Nonetheless, when cows that had
CDZ were compared with healthy cows, there was a
greater EB deficit postpartum in cows that had CDZ
in the first 2 wk postpartum because the differences in
DMI%BW were more pronounced.

Cows that developed metritis had decreased
DMI%BW and EB prepartum compared with cows that
did not develop metritis. Nonetheless, after including
all diseases in the model, DMI%BW lost significance
but metritis was still associated with prepartum EB.
Huzzey et al. (2007) reported that cows with severe
metritis (putrid vaginal discharge with a red-brownish
color that was watery and foul smelling and 1 recording
of fever >39.5°C) had decreased DMI during the last
2 wk prepartum, with a clear divergence from healthy
cows starting on d —7. Schirmann et al. (2016) ob-
served that cows that developed metritis concurrent
with subclinical ketosis had a decrease in DMI from d
—T7 to —2 compared with healthy cows. Similar to previ-
ous literature, when we compared cows that developed
metritis with healthy cows, prepartum DMI was lesser
for metritic cows than for healthy cows (Supplemental
Table S4; https://doi.org/10.3168/jds.2018-15878),
with a clear divergence starting on d —5 (Supplemental
Figure S3, panel A; https://doi.org/10.3168/jds.2018
-15878). As mentioned previously, our study is focused
on the observable differences in prepartum DMI%BW
and EB between cows that did and did not have metri-

Table 5. Cut-offs of DMI as percentage of BW (DMI%BW) and energy balance (EB) to predict metritis postpartum'

Ttem Cut-off Se, % Sp, % PPV, % NPV, % Ace, % AUC P-value
DMI%BW <1.6 78 37 28 84 46 0.58 0.01
EB, Mcal/d <2.5 83 38 29 88 48 0.59 <0.01

!Se = sensitivity; Sp = specificity; PPV = positive predicted value; NPV = negative predictive value; Acc = accuracy; AUC = area under the

curve.
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Table 6. Association of prepartum (—21 to —1 d) DMI as percentage of BW (DMI%BW) and energy balance (EB) with postpartum disorders'

Metritis Ketosis Mastitis
Ttem Yes No P-value Yes No P-value Yes No P-value
DMI%BW 1.52 + 0.04 1.59 £+ 0.03 0.08* 1.50 +£ 0.04  1.64 £+ 0.03 <0.01 1.53 £0.04 1.62 4+ 0.02 0.05.
EB, Mcal/d 1.64 + 0.37 2.51 +£0.22 0.04 1.54 + 0.30 2.60 £ 0.27 <0.01 1.55 + 0.45 2.48 £+ 0.22 0.07°

! P-values <0.05 were considered significant.

*Variable was not included in the final model. Values (LSM, SEM, and P-values) were derived from the iteration before the variable was removed

from the final model.

tis. In a herd, cows that do not develop metritis could
develop any other disease or disorder that is associated
with decreased DMI, DMI%BW, and EB prepartum,
such as ketosis and mastitis (Pérez-Baez et al., 2019);
therefore, excluding cows that develop other conditions
could inflate the measures of association. This is of
particular relevance for the prediction model. Huzzey
et al. (2007) reported that the odds of severe metritis
increased 2.87 times for each 1-kg decrease in DMI
during the last week prepartum. In our study, the ef-
fect sizes were small (an 8% increase in the odds of
having metritis with each unit decrease in the mea-
sures of both DMI%BW and EB), and the addition
of DMI%BW and EB in the last 3 d prepartum to
a metritis-predicting model significantly increased the
predictive ability of the models as evaluated by the
AUC, indicating that DMI%BW and EB prepartum
were contributors to the development of metritis even
when accounting for other variables such as CDZ and
RP. In addition, we determined cut-offs for DMI%BW
and EB to see whether they could be used solely as a
predictor of metritis, and the cut-offs resulted in mod-
erate Se (78-83%) and low Sp (37-38%). In a previous
study, Ospina et al. (2010b) reported low Se (37%) and
moderate Sp (80%) for a prepartum NEFA cut-off of
0.37 mEq/L to predict metritis, RP, or both. Therefore,
our cut-off is more useful for identifying the majority
of the cows that will develop metritis, whereas that of
Ospina et al. (2010b) is more useful for identifying cows
that will not develop metritis. Perhaps a combination of
DMI%BW or EB and NEFA prepartum could results in
improved accuracy of predicting metritis. Others have
used a health index score based on rumination time and
physical activity during the postpartum period (i.e., d
—5 to 2 relative to clinical diagnosis) to identify cows
with metritis and observed an Se of 55%, but Sp was
not reported (Stangaferro et al., 2016). Huzzey et al.
(2007) suggested that the decrease in DMI prepartum
could be attributed to decreased cow dominance at the
feed bunk. Nonetheless, it was later observed that cows
that develop metritis are actually more dominant at
the feed bunk, which may affect their DMI because the
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time spent protecting the feed bunk may reduce eating
time (Chebel et al., 2016).

Cows with metritis also had lesser DMI%BW, EB,
and ECM during the postpartum period. Previous
research has shown a decrease in DMI during the
postpartum period (Huzzey et al., 2007). The onset of
infection leads to the release of cytokines and chemo-
kines such as IL-13, IL-6, and TNF-a that will induce
anorexia (Plata-Salaman et al., 1996). Anorexia may
worsen the EB and lead to body fat mobilization and
ketone body production, which may further decrease
feed intake (Visinoni et al., 2012). Cows with metritis
had greater negative EB during postpartum compared
with cows that did not develop metritis from d 2 until
d 9; then, EB recovered and was actually less negative
for metritic cows from d 25 to 27. This pattern of EB
occurred because cows with metritis had lesser ECM
throughout the observation period but recovered DMI
at the end of the observation period. It is interesting
that the recovery in DMI%BW for cows with CDZ and
metritis was not accompanied by a comparable increase
in ECM. This finding indicates that CDZ and metritis
are associated with long-term changes in nutrient parti-
tioning. During infection and inflammation, peripheral
insulin resistance decreases and mammary glands reduce
glucose uptake, which makes glucose more available to
leukocytes to fight infection but leads to decreased milk
yield (Bradford et al., 2015; Baumgard et al., 2017).
It is interesting that the changes in the metabolism
of the mammary gland persisted long after the initial
trauma (i.e., CDZ) or infection (i.e., metritis) had oc-
curred, which deserves further investigation to better
understand the effect of infection and inflammation on
long-term nutrient partitioning.

A limitation from this study is that data were col-
lected from different experiments over the years. Be-
cause different observers collected subjective data such
as BCS in each trial, agreement among observers could
not be compared; also, treatments had been applied in
each trial (i.e., heat stress abatement), which had to be
controlled for in the statistical analysis. Another limita-
tion is that the association of metritis with DMI%BW,
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EB, and ECM during the postpartum period could not
be evaluated before and after metritis diagnosis be-
cause dividing the data would have resulted in reduced
sample size per day, therefore increasing the standard
errors or producing unreliable standard errors. As an
example, cows that developed metritis on d 2 would
have only 1 d\ of DMI before the disease diagnosis
but 26 d of DMI after the disease diagnosis, whereas
in cows diagnosed with metritis from d 3 to 12 the
number of days of DMI before the disease diagnosis
would increase but the number of days of DMI after the
disease diagnosis would decrease. In addition, we could
not ascertain the day cows developed metritis because
cows were not examined daily. Last, even if we divided
our data before and after disease diagnosis, we could
not infer causation because cows were not randomly
assigned to develop metritis. Hence, herein we pres-
ent the association between metritis development and
DMI%BW and EB pre- and postpartum.

CONCLUSIONS

In summary, CDZ was not associated with prepartum
DMI%BW or EB but was associated with a decrease in
postpartum DMI%BW and ECM. Metritis was associ-
ated with a decrease in prepartum DMI%BW and EB.
The average DMI%BW and EB in the last 3 d prepar-
tum were significant explanatory variables for metritis,
and DMI%BW and EB in the last 3 d prepartum sig-
nificantly increased the predictive ability of metritis-
predicting models. Prepartum cut-offs for DMI%BW
and EB to predict metritis were established and had
moderate Se and low Sp. In addition, metritis was as-
sociated with a decrease in postpartum DMI%BW and
ECM and a greater negative EB. The results of this
study give a better understating of the role DMI plays
during the transition period; namely, when DMI%BW
decreases and the deficit of EB increases, the risk of
metritis increases, although the increase was small. The
main limitation in this study was that the time-order
of disease relative to DMI%BW and ECM was incon-
sistent such that postpartum outcomes were measured
before and after disease, which was diagnosed at vari-
able intervals after calving. In summary, DMI%BW
and EB prepartum are significant but minor contribu-
tors to metritis development postpartum and cannot be
used reliably to identify cows that will develop metritis
postpartum.
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