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1 | INTRODUCTION

During the transition period (3 weeks before to 3 weeks after calving)
the need for energy increases due to foetal growth, reduced feed intake

Mehrdad Mohri? I

Hesam A Seifi?

Abstract

Background: High concentrations of NEFA relative to a defined reference or ‘cut-point’
values before calving can predict the risk of specific or collective periparturient disease
events.

Obijectives: Afield-based cohort study was conducted to evaluate the value and critical
points of serum nonesterified fatty acids (NEFA) at the precalving time to predict the
occurrence of postpartum diseases and reproductive performance in dairy cows.
Methods: Blood samples were taken from 521 high-yielding dairy cows at 1 week
(+3 days) before calving and NEFA levels were measured. Health and reproduction
information of each cow includes dystocia, retained placenta, milk fever, metritis, mas-
titis, pregnancy in the first insemination and pregnancy in the first two inseminations,
and culling in the first 60 days of lactation and milk production.

Results: Our results show that there are significant relationships between precalving
NEFA with the probability of pregnancy at the first and the first two inseminations after
calving. The cows that had NEFA concentrations less than 0.5 mmol/L at the last week
of pregnancy were 3.51 and 3.15 times more likely to be pregnant at first insemination
and the first two inseminations, respectively. Also, our results showed that there are
significant relationships between precalving NEFA concentration and the likelihood of
dystocia and milk fever. The probability of dystocia and milk fever occurrence were
2.56 and 1.91 times greater in those cows that had NEFA concentrations more than
0.3 mmol/L, respectively.

Conclusions: The present results indicated that Increasing NEFA during the prepartum

period could adversely affect the reproductive efficiency of dairy cows.
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by cows (between 10% and 30%) and the beginning of the production
process (Grummer, 1995). All high-yield dairy cows in this period expe-
rience a negative energy balance (Herdt, 2000). The mean duration of
negative energy balance during the postpartum period was predicted
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about 45 days (+21 days) (Herdt, 2000). If a cow is unable to cope with
the pregnancy and milk production energy needs, she will develop sub-
clinical and clinical metabolic diseases and might be affected by various
infections (Drackley, 1999; Overton & Waldron, 2004). The metabo-
lites nonesterified fatty acids (NEFA) and/or 8- hydroxybutyrate (BHB)
are common measures of negative energy balance in transition ani-
mals (Duffield et al., 2009). The increase in NEFA concentration usually
starts about 5 days before calving (LeBlanc et al., 2005). Although some
elevation of these metabolites is normal, excessive elevation can indi-
cate poor adaptation to negative energy balance (Herdt, 2000). High
concentrations of NEFA relative to a defined reference or ‘cut-point’
values before calving can predict the risk of specific or collective peri-
parturient disease events (Seifi et al., 2011; Van Saun, 2009). Cows
with NEFA and BHBA concentrations in blood above a critical thresh-
old can be predicted to have a greater incidence of diseases such as
ketosis and displaced abomasum (LeBlanc et al., 2005; Ospina et al.,
2010c; Seifi et al., 2011) and reduced postpartum reproductive perfor-
mance (Ospina et al., 2010b,c). The objective of the present study was
to identify if prepartum NEFA can be used to predict an increased risk
of postpartum diseases and reproductive performance in dairy cows

and to determine the best cut-points.

2 | MATERIAL AND METHODS
2.1 | Animals and setting

Multiparous Holstein cows from a commercial dairy herd were enrolled
as a part of a larger study from November 2017 to October 2019. The
dairy herd, a mixed forestall and open shed facility with a TMR feed-
ing system milked 1000 dairy cows three times daily with an average
305-day mature-equivalent milk yield of 11,600 kg. Cows were fed a
TMR that was formulated for late pregnant, nonlactating cows (dry cow
diet). After calving, cows were fed a lactating cow TMR. The TMR was
formulated to meet or exceed NRC (2001) recommendations (Table 1).
Feed was provided twice daily.

Cows were scored for body condition on a scale of 1 to 5, in incre-
ments of 0.25 (Edmonson et al., 1989), at enrolment (1 = very thin
5 = very obese). All scorings were performed by a single evaluator.
Definitions of diseases were as follows: metritis was an enlarged non-
pregnant uterus and a watery red-brown fluid to viscous off white
purulent cervical or vaginal discharge; retained foetal membranes
(RFM) was the retention of foetal membranes for more than 24 h after
calving; clinical mastitis was a case of visually abnormal milk asso-
ciated with hardness and swelling of the affected quarter; lameness
was a clinical case of lameness of feet or legs requiring treatment
(Loeffler et al., 1999) and locomotion score (LCS) was cauterised 1-5
(score 1 = no lame and score 5 = severe lame) (Sprecher et al., 1997)
milk fever was diagnosed as any cow that within 72 h after partu-
rition presented inappetence, nervous symptoms, staggering, varying
degrees of unconsciousness, probable sternal recumbency and good
response to intravenous calcium treatment; displacement of the abo-

masum was defined as decreased milk yield accompanied by an audible

TABLE 1 Composition and chemical analysis of close-up and
fresh-cow diets.

Close up Fresh cows

Ingredient (%; DM basis)

Concentrate% 21.89 29.68
Oat meal 17.5 16.73
Cornmeal 34.5 311
Rapeseed meal 13 5.9
Mycofix plus 0.3 0.17
Soybean meal 10 21.7
Fish meal 3.5 3.86
Fat meal 0 1.16
Sodium bicarbonate 0 1.39
Magnesium oxide 0 0.3
Full fat soybean 3 6.78
Calcium carbonate 2 1.38
Salt 0 0.48
Vitamin supplement 15 0.78
Mineral supplement 15 0.78
Zarin binder (aluminium silicate) 0 0.5
Dicalcium phosphate 0 0.5
PH max 0 0.69
Transitional supplement 10 5.8
Anionic salt (magnesium sulphate) 3.2 0

Alfa-Alfa hay% 5.05 3.92

Cornsilage% 60.61 44,51

Wheat straw% 4.04 1.07

Water% 8.41 0

Sugar beet pulp % 0 12.46

Sugar beet molasses % 0 7.11

Cotton seed% 0 1.25

Chemical analysis (%; DM basis)

DMI 135 2041

NE, 1.5 mcal/kg 1.61 mcal/kg
CcpP 14.7 16.7

RUP 35.7 36.1

RDP 19.7 19.2

NDF 28.6 291

NFC 38.5 375

EE 3.6 4.3

Ca 0.97 0.86

P 0.37 0.48

Zarin binder: toxin binder (processed aluminium silicate).

Transitional supplement: vitamin A 1,500,000 IU/kg, vitamin D3
400,000 I1U/kg, vitamin E 20,000 IU/kg, biotin 200 ppm/kg, monensin
3000 ppm/kg.

PH max: a brand of blend that modulate rumen PH.
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high-pitched tympanic resonance by simultaneous percussion and aus-
cultation of the left or right abdominal wall between the 9th and 12th
rib spaces as diagnosed by the veterinarian (Melendez et al., 2003).
Disease diagnoses and pregnancy checks and other disease diagnoses
were recorded by the veterinarian of the farm. These diseases were
entered on a daily basis into a computerised database. For all diseases
other than mastitis, a second occurrence of the disease had to be sepa-
rated from a prior occurrence by more than 21 days to be counted as a
new case. Reproductive management consisted of a voluntary waiting
period of 50 days until the first insemination. Thereafter, cows were
inseminated following oestrus detection. Pregnancy was diagnosed
by transrectal sonography of the uterus at 28-35 days after artificial
insemination (Al) and was confirmed at 57-63 days after Al. Pregnancy
in the first insemination was the proportion of cows enrolled in the
trial that became pregnant after the first insemination and pregnancy
in the first two inseminations after calving was the proportion of cows
enrolled in the trial that became pregnant after the first or second

inseminations.

2.2 | Sample collection and laboratory analyses

A study was conducted to evaluate the association of high serum
NEFA concentration shortly before calving with disease occurrence
and reproductive outcomes. Blood samples were taken from 521
multiparous Holstein cows 1 week before predicted calving (+3 days).
Blood was collected via the coccygeal vein into 10-mL evacuated
tubes with a clot activator. The utmost care was taken to minimise
stress during sample collection. The blood tubes are placed diagonally
away from direct sunlight for 15 min until the clot is completely formed.
Then the samples were centrifuged at 3000 x g for 15 min. Serum
was harvested immediately and frozen at -20°C until further analysis.
For laboratory analysis, after serum thawing, NEFA was measured by
BT-1500 auto-analyser (Biotecnica, Rome, Italy), using a commercially
available kit (Randox, Ardmore, UK). The intraassay and interassay
coefficients of variation were 4.81% and 4.32%, respectively.

2.3 | Statistical analyses

Statistical analyses were performed with SAS software (version 9.4).
Initial screening for simple associations of NEFA, at various cut-points,
with diseases, culling risk and pregnancy chance were done with con-
tingency tables and chi-square statistics (PROC FREQ in SAS). Cows
that had a BCS of 3 were classified as thin, a BCS of 3.25 or 3.5 as
fair, and a BCS of more than 3.75 as fat. Parity was classified into two
groups: group 1: parities 2 and 3 and group 2: parities 4 and more.
The determinants of risk of periparturient diseases, culling and the
chance of pregnancy were modeled using multivariable logistic regres-
sion (PROC GENMOD with binary estimating distribution, logit link
function, and compound symmetry covariance structure). Each model
contained the effects of the parity group, BCS category, season and the

occurrence of dystocia, retained placenta, metritis, lameness and lame-

ness score, and mastitis. Appropriate cut-points for serum NEFA levels
associated with increased risk of cow health events were determined
first by creating incremental cut-points of 0.1 mmol/L of NEFA from
0.1to 1.0 mmol/L. These cut-points were evaluated using dichotomous
variables, designating a O value for all samples below each cut-point
and assigning a value of 1 to all values at or above each cut-point.
These serial thresholds were then contrasted with the occurrence of
clinical disease using simple 2 x 2 contingency tables. For metabolites
that were retained in the final models, animals were classified as being
above or below a series of cut-points, each of which was tested for asso-
ciation with subsequent outcomes. To determine the best cut-point,
the sensitivity and specificity of the cut-points were calculated man-
ually and then the cut-point that had the highest sum of sensitivity and

specificity was considered the optimal cut-point.

3 | RESULTS

Our results indicated that there were significant relationships between
precalving NEFA concentrations with the occurrence of dystocia and
milk fever and the probability of pregnancy in the first insemination
(Preg1) and the first two inseminations (Preg2) (Table 2). In the present
study, no significant relationship was found between precalving NEFA
with RFM, metritis, mastitis, displacement of the abomasum (DA) and
culling in the first 60 days of lactation.

There was a significant relationship between NEFA concentrations
with milk fever occurrence (p = 0.0348) on account of intervening
factors such as parity and season (Tables 2 and 3). The cows which
had serum NEFA concentrations greater than 0.3 mmol/L 1 week
before calving was 1.91 times at greater risk of milk fever. The sen-
sitivity and specificity for the proposed cut-point were 27.16% and
86.82%, respectively (Table 2). The results suggested that there was a
significant relationship between precalving NEFA concentration with
dystocia occurrence (p = 0.0081). Our study proposed a cut-point of
0.3 mmol/L to predict dystocia occurrence (Tables 2 and 4). Accounting
for the factors such as parity, season, locomotion score, and body con-
dition score, those cows that had blood NEFA concentrations greater
than 0.3 mmol/L were 2.56 times more likely to develop dystocia
(Tables 2 and 4).

Accounting for the effects of parity, BCS, locomotion score, milk
fever, dystocia, RFM, metritis, mastitis and abomasum displacement, 1
week before calving NEFA concentration was associated with the likeli-
hood of pregnancy in the first insemination after calving. Cows that had
serum NEFA concentrations less than 0.5 mmol/L 1 week before calv-
ing were 3.51 times more likely to become pregnant (Tables 2 and 5).
In addition, our results indicated that there was a significant relation-
ship between precalving NEFA concentration with pregnancy in the
first two inseminations (p = 0.0098), accounting for the effects of par-
ity, locomotion score, body condition score, parturition season, milk
fever, abomasum displacement, retained placenta, dystocia, metritis
and mastitis. The probability of pregnancy in the first two postpartum
inseminations was 3.15 times greater in those cows that had NEFA

concentrations less than 0.5 mmol/ L before calving (Tables 2 and 6).
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TABLE 2 Association between serum NEFA concentrations at 1 week before calving with postpartum reproductive and health events.

Proportion of animals

Cut-point at or above
Milk fever >0.3 15.36
Dystocia >0.3* 15.36
>0.4 9.4
>0.5 6.14
>0.6 3.84
Pregl <0.3 15.36
<0.4 9.4
<0.5* 6.14
Preg2 <0.2 29.75
<0.3 15.36
<0.4 9.4
<0.5* 6.14

Odds ratio 95% Cl

1.91 1.05-35
2.56 1.27-5.13
2.8 1.26-6.25
2.73 1.06-7.06
3.94 1.36-11.43
3.55 1.71-7.34
2.47 1-6.01
351 1.03-11.94
1.79 1.2-2.66
2.27 1.33-3.88
2.06 1.06-4
3.15 1.32-7.56

p Value
0.0348
0.0081
0.0115
0.0371
0.0114
0.007

0.0486
0.0438
0.0039
0.0027
0.0328
0.0098

Sen%
27.16
29.55
20.45
13.64
11.36
6.04
4.03
201
22.75
9.02
5.49
2.75

Sp%

86.82
85.95
91.61
94.55
96.86
80.91
88.44
92.2

63.53
78.57
86.84
90.6

The models account for the significant effects of parity, body condition score, Locomotion Score (LCS), dystocia, milk fever, metritis, mastitis, displacement of
abomasum and retained placenta on occurrence of reproductive and health events.

*Cut-off point with greatest sum of sensitivity and specificity.

Preg2, pregnancy in first two inseminations; Preg1, pregnancy in first insemination; DA, displacement of abomasum.

TABLE 3 Final analysis of multivariate logistic regression
(GENMOD) on the relationship between NEFA concentration with
milk fever by considering intervention factors such as season, parity,
body condition score (BCS), locomotion score (LCS) and dystocia.

Parameter Odds ratio 95% ClI p Value
Intercept 0.3711
NEFA <0.3 mmol/L 191 1.04 3.5 0.0348
NEFA >0.3 mmol/L Referent

Parity <3 3.01 1.79 5.07 <0.0001
Parity >4 Referent

Season: spring 221 1.04 4.7 0.0391
Season: summer 1.44 1.33 277 0.2765
Season: autumn 1.55 1.27 2.52 0.4884
Season: winter Referent

TABLE 4 Final logistic regression model of the association
between NEFA concentrations in prepartum with dystocia, adjusted
for the effects of season, parity, body condition score (BCS) and
locomotion score (LCS).

Parameter Odds ratio 95% ClI p Value
Intercept <0.0001
NEFA <0.3 mmol/L 2.56 1.27 5.15 0.0081
NEFA >0.3 mmol/L referent

4 | DISCUSSION

This study has found that prepartum elevation of serum NEFA is associ-
ated with the occurrence of dystocia, milk fever and a lower probability

TABLE 5 Finallogistic regression model of the association
between NEFA concentrations in prepartum with the probability of
pregnancy in first insemination (preg1), adjusted for the effects of
parity, season, body condition score (BCS), locomotion score (LCS),
dystocia, milk fever, retained placenta (RFM), metritis, displacement of
abomasum (LDA) and mastitis.

Parameter Odds ratio 95% Cl p Value
Intercept <0.0001
NEFA <0.5 mmol/L 3.51 1.03 11.94 0.0438
NEFA >0.5 mmol/L Referent

Parity <3 1.9 1.25 2.87 0.0025
Parity >4 Referent

Season: spring 1.33 1.3 2.23 0.3527
Season: summer 2.23 1.22 3.79 0.0081
Season: autumn 1.66 1.08 1.8 0.9003
Season: winter Referent

of pregnancy. Our results indicated that there was a significant rela-
tionship between NEFA concentrations 1 week before calving with the
probability of pregnancy at first insemination after calving. Cows with
NEFA concentrations less than 0.5 mmol/L were 3.5 times more likely
to become pregnant at first insemination. Furthermore, we found a sig-
nificant relationship between NEFA concentrations at 1 week before
calving with the probability of pregnancy in the first two insemina-
tions. The odds of pregnancy at the first two inseminations were 3.1
times greater in cows with serum NEFA concentrations of less than
0.5 mmol/L in the first week before calving.

The cut-off point proposed by our study is higher than the
cut-off point presented by other studies (0.27 and 0.4 mmol/L)
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TABLE 6 Final logistic regression model of the association
between NEFA concentrations in prepartum with the probability of
pregnancy in the sum of first two insemination (preg2), adjusted for
the effects of parity, season, body condition score (BCS), locomotion
score (LCS), dystocia, milk fever, retained placenta (RFM), metritis,
displacement of abomasum (LDA) and mastitis.

Parameter Odds ratio 95% Cl p Value
Intercept <0.0001
NEFA <0.5 mmol/L 3.15 1.31 7.56 0.0098
NEFA >0.5 mmol/L Referent

Parity <3 2.03 141 2.92 0.0001
Parity >4 Referent

No RFM 1.99 1.14 3.47 0.0148
Yes RFM Referent

(McArt et al., 2013; Melendez et al., 2009; Ospina et al., 2010a);
however, researchers recently have used a similar cut-point to detect
negative energy balance in UK dairy farms (Macrae et al., 2019). There
are limited studies to predict the chance of pregnancy at the first and
the first two inseminations after calving by providing a cut-off point
for NEFA 1 week before calving. McArt et al. (2013) reported that fol-
lowing the increase of NEFA concentration in the precalving period to
more than 0.3 mmol/L, the probability of pregnancy in the first postpar-
tum insemination decreases. Contrary to our findings, Chapinal et al.
(2012), who sampled cows weekly from 1 week before to 3 weeks after
calving, found no association between NEFA concentrations with the
likelihood of pregnancy at the first postpartum insemination. In addi-
tion, Garverick et al. (2013) reported that NEFA concentration was
not significantly different between pregnant and nonpregnant cows
(from 3 weeks before calving to the third day after calving) after the
first postpartum insemination. Rodriguez et al. (2020) also reported
that there is no relationship between NEFA concentrations with fertil-
ity. Ospina et al. (2010a,b,c) conducted a large-scale study to provide
cut-off points for NEFA and BHBA around calving. They proposed a
cut-point of 0.3 and 0.6 mmol/L for at 1 week before and after calv-
ing, respectively. They believed that the likelihood of occurrence of
diseases in cows that had NEFA more than the proposed cut-point
was higher than in cows that NEFA lower than this cut-point (Ospina
et al, 2010). Furthermore, it has been reported that if more than
15% of herds have energy-related metabolites higher than the men-
tioned values not only increases the probability of disease in that
herd but reproductive and production efficiencies would be affected
(Wankhade et al.,, 2017). Potential mechanisms for these detrimental
effects on reproductive performance might include induction of apop-
tosis in granulosa cells, inhibition of follicle growth and delay in the
onset of ovulation (Butler et al., 2006; Friggens, 2003; Jorritsma et al.,
2004; Leroy et al., 2006; Souissi & Bouraoui, 2019).

We found that there was a significant relationship between NEFA
concentrations at 1 week before calving with the probability of occur-
rence of milk fever. Cows with NEFA concentrations greater than

0.3 mmol/L were 1.9 times more likely to develop milk fever. Neves
etal.(2017) reported that there was no association between increased
concentrations of blood energy-related metabolites (NEFA and BHBA)
in the prepartum and the occurrence of hypocalcaemia at the time
of calving. On the other hand, Melendez et al. (2009) indicated that
cows with NEFA concentrations of more than 1.2 mmol/L had a higher
chance of occurrence of milk fever and mastitis. It is difficult to explain
the relationship between the increase in NEFA concentration and
milk fever because they have no direct causal relationship. However,
decreasing dry matter intake and increasing BHBA and NEFA concen-
tration in cows around calving can lead to an increased likelihood of
hypocalcaemia and ketosis (Chapinal et al., 2011; LeBlanc et al., 2005;
Martinez et al., 2012).

There was a significant relationship between precalving NEFA con-
centration and with the likelihood of dystocia occurrence in this study.
The odds of occurrence of dystocia were 2.6 times greater in cows with
serum NEFA concentrations higher than 0.3 mmol/L in 1 week before
calving. In previous studies, high concentrations of NEFA before par-
turition have been mentioned as a risk factor for the occurrence of
dystocia, retained placenta, ketosis, abomasum displacement and mas-
titis (Chapinal et al., 2011; Dyk, 1995; Kaneene et al., 1997; Moyes
et al,, 2009). It was mentioned that improving the ratio of energy and
protein in transition cows can prevent the occurrence of such diseases
and disorders (Duffield et al., 1999; Duffield et al., 2002; Grummer,
1995; Kaneene et al., 1997; Oetzel, 2004; Vandehaar et al., 1999).

5 | CONCLUSION

The findings of this study suggested that increased NEFA concentra-
tion in prepartum can lead to decreasing chance of pregnancy. We
suggest that 0.5 mmol/L is a better cut-points to predict sound fer-
tility. Furthermore, our result reinforces the predictive association of
elevated concentrations of NEFA in a close-up period with the risk of
dystocia and milk fever at the cut-points of 0.3 mmol/L. Thus, measure-
ment of NEFA concentrations in the week before calving may provide
useful supplementary information for herd health and reproduction

monitoring.
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