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The challenge of getting dairy cows pregnant during early lactation is a well-described,
worldwide problem. However, specifically in farms with poor reproductive, nutritional,
and environmental conditions/management, a low pregnancy rate during early lactation is
followed inevitably by an increased number of nonpregnant cows after 150 days in milk,
with even more difficulties to achieve pregnancy. Therefore, several studies were designed

Iég{:lv:rds" to understand and develop strategies to mitigate reduced fertility of cows during late
Days open lactation. Experiments were performed under tropical regions to determine metabolic

status during lactation and association of stage of lactation on oocyte quality and fertility.
Lactating cows with extended days not pregnant (e.g.,>150 days in milk) often had sys-
temic metabolic alterations, including development of peripheral insulin resistance and
various oocyte alterations, including reduced expression of genes encoding glucose
transport proteins, reduced amounts of mtDNA, increased expression of mitochondria-
related genes, and increased expression of apoptosis-related genes. Additionally, in vitro
embryo production and pregnancy per Al were lower in late- versus early-lactation cows
in some but not all studies. Notwithstanding, when a normal embryo was transferred to a
cow in late lactation, the pregnancy per transfer was reasonable, reinforcing the assertion
that fertility problems in late-lactation cows may be associated with oocyte quality,
fertilization, and/or failure of early embryo development. In conclusion, insulin resistance
may reduce oocyte competence and consequently fertility in late-lactation dairy cows.

© 2016 Elsevier Inc. All rights reserved.
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1. Introduction prolonged intervals of nonpregnancy [3]|. Additionally,

compared to first-parity cows, cows in second, third, or

Days to pregnancy after calving can be affected by
multiple factors, including nutrition during the dry period,
duration of voluntary waiting period, breeding strategy,
season, herd size, milk yield, and parity [1,2]. Peripartum
diseases such as milk fever, dystocia, retained placenta, and
metritis are well-established risk factors for reduced
pregnancy rate during early lactation, resulting in
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greater parities also had higher odds of extended intervals
of nonpregnancy [3]. In tropical regions, increased thermal
load (combination of heat and humidity) is associated with
reduced pregnancy per Al during early lactation and
consequently, a greater proportion of dairy cows with
prolonged periods of nonpregnancy [1,4]. Also, cows with
extended days not pregnant in the previous parity doubled
the risk of culling and death around calving [5].

Greater culling risks in cows with an extended interval
to achieve pregnancy are often associated with metabolic
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disorders [5-7]. Excessive energy intake is common in late-
lactation dairy cows [8]. These cows have increased risk of
overconditioning (high body condition score [BCS]) toward
the end of lactation, at a stage when milk yield typically is
lower, although feed intake is not reduced accordingly
[6,9]. Excessive energy intake may alter release and syn-
thesis of reproductive and metabolic hormones, oocyte
quality, and ovarian follicular dynamics, resulting in
impaired reproductive performance during this stage
[9,10].

Among metabolic disorders related to late-lactation
cows is development of peripheral insulin resistance
[9,11,12], characterized by decreased sensitivity of target
tissues to normal circulating insulin concentrations [13],
thereby requiring higher insulin concentrations to achieve
normal metabolic responses [14]. Females with chronic
hyperinsulinemia might have compromised glucose up-
take, which leads to cellular apoptosis [ 15,16]. Furthermore,
insulin resistance has negative associations with repro-
duction of heifers and dry cows, resulting in impaired
oocyte quality [17,18].

This review aims to discuss a number of key points
related to the potential association of insulin resistance and
late-lactation conditions on fertility of dairy cows. Discus-
sion will focus on (1) insulin profile during lactation;
(2) association between stage of lactation and fertility; and
(3) association of insulin resistance and stage of lactation
on oocyte quality.

2. Insulin profile during lactation

Dairy cows typically enter a state of negative energy
balance during early lactation when combined energy re-
quirements for maintenance and milk production exceed
dietary energy intake. This state is characterized by
increased mobilization of body reserves to overcome a
shortfall in dietary intake, decreased circulating concen-
trations of insulin, IGF-I, and glucose, and elevated con-
centrations of nonesterified fatty acids (NEFA) and
B-hydroxybutyrate (BHBA) [19]. However, if cows in later
stages of lactation are submitted to prolonged intervals of
high feed intake with reduced milk yield, BCS will increase,
which might lead to development of hyperinsulinemia [20].

Insulin concentrations and blood metabolic responses in
dairy cows have been assessed during the dry period and
subsequent lactation [21]. During dry-off, plasma insulin
concentrations significantly decreased (from ~0.63
[60 days before calving] to 0.26 ng/mL [5 days before
calving]), remained low until the seventh month of lacta-
tion, and increased thereafter (from ~0.25 [210 days after
calving] to 0.69 ng/mL [270 days after calving]). The onset of
lactation was characterized by areduction in plasma glucose
concentrations, with a subsequent gradual increase [21]. In
other studies, glucose concentrations were low during the
first 3 weeks after calving and thereafter only small fluctu-
ations occurred [14]. Similarly, a previous report demon-
strated fairly stable glucose concentrations until ~280 days
in milk (DIM). Therefore, the pattern of increased insulin
during late lactation associated with only slight increase of
glucose, reduced milk yield, and increasing BCS might
trigger a peripheral insulin resistance status [8].

It was recently hypothesized that dairy cows become
increasingly insulin resistant as they proceed through
lactation [20]. This hypothesis was tested by performing
the glucose tolerance test (GTT) on high-producing dairy
cows at various DIM. Holstein cows at 50 (51.5 + 3.7;
n = 30), 100 (102.3 & 9.4; n = 30), or 150 (154.5 + 18.9;
n = 30) DIM were used, and a GTT was performed after
5 hours of fasting. Milk yield was lower at 150 DIM
compared to 50 and 100 DIM (34.2 + 1.4; 38.0 + 1.4; and
38.6 + 1.4 kg/day, respectively; P < 0.05), and BCS was
lower at 50 DIM compared to 100 and 150 DIM (2.8 & 0.1;
3.0 + 0.1; and 3.0 + 0.1, respectively; P < 0.05). During the
GTT, there was no difference among groups for glucose
peak = 203.3 £ 7.3, 208.8 & 6.3, and 194.3 + 6.0 mg/dL for
50, 100, and 150 DIM, respectively (Fig. 1A). Regardless,
cows at 150 DIM had higher peak of insulin (67.9 + 7.39,
67.7 + 7.0* and 88.3 + 7.2° plU/mL; Fig. 1B), A max insulin
(544 + 5.4° 589 = 5.3% and 72.4 + 5.5° plU/mL) and area
under the curve (AUC) between 5 and 60 minutes after
glucose infusion (1957.5 + 173.2%, 21749 + 168.8" and
2633.9 + 179.8" ulU/mL x min) compared to cows 50 or 100
DIM. Insulin resistance can be identified when greater
insulin concentrations (peak, Amax insulin, AUC) are
necessary to reduce glucose concentrations to euglycemic
levels during the GTT. Therefore, the main hypothesis that
cows develop increasing insulin resistance with increasing
DIM was substantiated. Another study performed in
lactating dairy cows consuming excessive energy (160% of
the maintenance energy requirements) verified increased
BCS and insulin resistance (GTT) during the experiment
(76-286 DIM) compared to the maintenance group [8].

Other studies sought to verify the possible association
between a high-energy diet and a hyperinsulinemic state.
The model used was nonlactating Holstein cows fed high
energy (170% of the maintenance energy requirements)
versus a maintenance diet for a prolonged interval (119 days
[22]). In that study, cows fed a high-energy diet had pe-
ripheral resistance to insulin (based on the GTT). During this
test, for all variables related to circulating glucose concen-
trations, there was no difference between groups (e.g., basal
glucose = 67.8 vs. 73.1 mg/dL; P = 0.09; glucose
peak = 2221 + 12.2 and 235.9 + 6.5 mg/dL; P = 0.29;
metabolism rate = 1.8 + 0.4 and 2.3 + 0.2%/min; P = 0.16 for
maintenance and high-energy groups, respectively). How-
ever, the required insulin concentration to control infused
glucose was greater in the high-energy group (basal insulin
concentrations = 7.3 4= 1.6 and 23.2 + 8.9 plU/mL; P = 0.05;
peak of insulin concentrations = 1079 + 19.0 and
1924 + 29.3 mg/dL; P = 0.03), with peripheral insulin
resistance in cows eating a high-energy diet. In another
study, nonlactating dairy cows consuming excessive energy
had reduced insulin sensitivity (during a GTT) indicative of
insulin resistance [23], compared to cows consuming
adequate amounts of energy.

On the basis of all these studies, we inferred that dairy
cows in later stages of lactation eating high-energy diets
are predisposed to development of insulin resistance.
Indeed, cows in late lactation (probably receiving more

3P Refer to the statistical difference between the groups (P < 0.05).
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Fig. 1. Plasma concentrations of glucose (A) and insulin (B) in response to the intravenous glucose tolerance test (GTT; 0.3 g/kg of BW of glucose IV) in cows at 50
(DIM50; n = 30), 100 (DIM100; n = 30), or 150 (DIM150; n = 30) days in milk. Fixed effects for the analyses of glucose concentration after the GTT: treatment
(P = 0.76); time (P < 0.001); treatment x time (P = 0.03). Fixed effects for the analyses of insulin concentration after the GTT: treatment (P = 0.03); time
(P < 0.001); treatment x time (P = 0.86). Within time, an asterisk (*) represents an effect of treatment (P < 0.05). Adapted from Oliveira et al. [20].

energy than required) or those consuming energy in sig-
nificant amounts above requirements (irrespective of stage
of lactation) are likely to develop insulin resistance.

3. Stage of lactation and fertility

Cows that do not become pregnant during early lacta-
tion after successive inseminations have been commonly
associated with lower risk of pregnancy during late lacta-
tion and greater risk of culling [3,5]. These cows are usually
classified as repeat-breeder cows. Lower fertilization rate is
an important characteristic associated with repeat-breeder
cows in summer [24]. The reasons for the lower fertility of
late-lactation cows are not fully understood; however,
metabolic disorders related to excessive energy intake are a
potential factor [9,10].

To investigate this scenario, a prospective experiment
was recently performed to assess conception rate of
Holstein cows during late (n = 230) and early lactation
(n = 206 [25]). It is noteworthy that all cows were treated
to be artificially inseminated at a fixed time (TAI) using the
same ovulation synchronization protocol, and all were
inseminated using only a single batch of semen from a
Holstein sire with proven fertility. Cows in early lactation
were 100.5 + 10.3 DIM, had 0.8 + 0.2 previous Al services;
and produced 39.3 + 0.2 kg of milk/day at the onset of the
synchronization protocol for TAI. Conversely, cows in late
lactation had greater DIM (339.2 & 10.1; P < 0.0001), more
previous Al services (5.8 + 0.2; P < 0.0001), and lower milk
yield (27.6 + 1.2; P < 0.0001). Number of previous lacta-
tions did not differ between groups (2.0 & 0.1 and 2.1 =0.1
for early- and late-lactation cows, respectively; P = 0.86).
Pregnancy per Al 30 days after Al was lower in cows bred
during late lactation compared to those bred during early
lactation (Fig. 2). Although fertility was reduced in late-
lactation cows, effects of different numbers of previous Al
services among groups should be considered to avoid
misinterpretation.

Although the mechanisms involved in the lower fertility
of cows during late lactation are not completely elucidated,
metabolic disorders linked to the energy metabolism
associated with reduced oocyte competence are significant
risk factors that might compromise embryo development.
In repeat-breeder cows, decreased fertility has been related
to a deleterious effect on oocyte quality [24]. Therefore,
embryo transfer could be considered a potential strategy
to achieve pregnancy in repeat-breeder cows (i.e., late-
lactation cows that remain nonpregnant) [26,27].

A retrospective study using data from a large number of
high-producing dairy cows in Brazil confirmed that embryo
transfer can be successfully used as a tool to establish
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Fig. 2. Conception rate (pregnancy per Al) of Holstein cows inseminated at
fixed time during early versus late lactation (n = 206 and 230, respectively).
A single batch of semen from a Holstein sire was used to perform all in-
seminations. Cows eligible to be bred during late lactation were those that
not yet become pregnant. Pregnancy diagnosis was performed 30 days after
the timed Al DIM, days in milk. Adapted from Ferreira [25].
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pregnancy in late-lactation (i.e., repeat breeder) cows [26].
Although late-lactation cows had lower pregnancy per Al
than early-lactation cows, using embryo transfer increased
pregnancy establishment in late-lactation cows, bringing it
comparable to that obtained for cows subjected to Al or
embryo transfer during early lactation (Fig. 3). Further-
more, pregnancy loss was similar, regardless of breeding
technique or lactation stage, reinforcing the hypothesis that
the fertility problems in late-lactation cows may be asso-
ciated with oocyte quality, fertilization, and/or failure of
early embryo development (reviewed by [26]).

It is important to highlight that the risk of late-lactation
cows to have insulin resistance status might be directly
associated with poor management. In tropical regions,
many dairy farms have environmental conditions
compromising cattle welfare (e.g., heat stress) and there-
fore reduced fertility during early lactation, resulting in
more nonpregnant cows during late lactation [28]. Also,
inadequate nutritional management (e.g., high-energy
diets during late lactation) can promote development of
insulin resistance, especially during late lactation, because
of reduced energy requirements with reduced milk yield
[6,9]. It is noteworthy that if cows are pregnant during late
lactation, development of excessive body condition might
compromise the transitional period and subsequent lacta-
tional performance [29,30]. Conversely, if cows do not
become pregnant until late lactation, a common scenario in
tropical regions, developing a hyperinsulinemic state might

reduce oocyte quality and consequently reproductive per-
formance. However, if there was adequate nutrition and
good environment conditions, the situation might be
different because the majority of cows will become preg-
nant during early lactation, and the fewer late-lactation
nonpregnant cows are less likely to develop disorder such
as insulin resistance. Additionally, supplementing chro-
mium propionate to prevent insulin resistance (by
enhancing insulin signaling and promoting greater glucose
uptake) in cows consuming excessive energy was recently
reported in both lactating [8] and nonlactating dairy cows
[23].

4. Association of insulin resistance and stage of
lactation on oocyte quality

Although insulin has an important role in cellular
metabolism, in excess it may interfere with various meta-
bolic and reproductive processes in dairy cows [11]. During
early lactation, low circulating insulin concentrations have
been associated with impaired fertility by delaying
resumption of cyclicity [31]. Although greater concentra-
tions of insulin are important to restore ovarian cyclicity, it
has been shown in heifers that they may also compromise
oocyte quality [17] and, therefore, fertility. In that regard,
excessive insulin may reduce oocyte quality in heifers [17]
and in vitro embryo production (IVEP) and gene expression
linked to cellular metabolism in nonlactating Bos indicus
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Fig. 3. Retrospective data regarding conception rate (pregnancy per Al or pregnancy per ET) and pregnancy loss of early in lactation (based on the number of Al
services [maximum three services] after 60 days of voluntary waiting period; gray bars) and late lactation (>4 services) Holstein cows (black bars) subjected to Al
(n = 19,112) or embryo transfer (ET; n = 5364). There were effects for breeding technique (Al or ET; P = 0.001), animal category (P = 0.001) and their interaction
(P =0.001) on conception rates. Pregnancy loss was not influenced by breeding technique (P = 0.08) or animal category (P = 0.39), and there was no interaction

(P = 0.87). Adapted from Baruselli et al. [26].
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dairy cows [22]. In the latter study, the negative association
of excessive energy intake and increased insulin concen-
trations on IVEP occurred only after 60 days. Thus, pro-
longed exposure to a high-energy diet was necessary to
compromise oocyte quality. On the basis of “Britt’s theory”
(i.e., folliculogenesis takes at least 60-80 days until an
ovulatory follicle stage [32]), adverse conditions such as
excessive energy balance leading to insulin resistance sta-
tus can affect folliculogenesis leading to subsequent issues
of oocyte competence at the time of ovulation. Therefore,
negative effects on oocyte quality and fertility might not be
apparent at the onset of insulin resistance. Moreover, ovum
pick up in vitro embryo production (OPU-IVEP) may not be
the most adequate method to assess the impact of insulin
resistance on fertility. In fact, although lactating cows at
150 DIM were insulin resistant at the GTT, it did not reflect
on quality of oocytes aspirated from small- and medium-
sized follicles [20].

Although, in some studies, the association of hyper-
insulinemia with poor oocyte quality was not detected in
cows, reduced expression of genes encoding glucose
transport proteins (GLUTs) and IGF-receptor in response to
high energy in nonlactating B. indicus dairy cows (Fig. 4;
adapted from Sales [22]) and reduced expression of genes
related to cellular metabolism in crossbred heifers [33]
were reported. Furthermore, a high plane of nutrition
(160% of maintenance energy requirements) increased
plasma concentrations of both insulin and IGF1 in heifers
[33] and reduced steady state concentrations of mRNA

encoding IGF-binding protein-2 and IGF-binding protein-4,
insulin receptor, and IGF1 receptor in the follicle [34]. It is
noteworthy that GLUT1 oocyte expression may be essential
for oocyte maturation [35], and earlier publications re-
ported a negative effect of insulin on in vitro embryo
development in mice [36] and cattle [37]. However,
although several studies hypothesized that the increased
bioavailability of IGF1 and IGF2 and/or hyperinsulinemia
condition on the follicle-enclosed oocyte have detrimental
effects on oocyte development, the precise mechanisms of
such effects have not been elucidated.

In another study, early-lactation (110.5 £+ 20.8 DIM;
n = 70) and late-lactation (425.6 + 21.0 DIM; n = 67)
Holstein cows were subjected to OPU to evaluate oocyte
quality and IVEP (Table 1 [25]). In addition to increased
number of days not pregnant, late-lactation cows had lower
milk yield, greater number of previous inseminations (ef-
fect of number of previous inseminations was not
controlled), and greater BCS than early-lactation cows
(Table 1). Regarding OPU-IVEP, late-lactation cows had
greater numbers of recovered and viable oocytes compared
to early-lactation cows. However, late-lactation cows had
decreased rates of both cleavage (P = 0.08) and blastocyst
formation (P = 0.0005). In addition to fewer embryos
produced, late-lactation cows had greater peripheral
insulin resistance than early-lactation cows, based on ho-
meostasis model assessment of insulin resistance (HOMA-
IR; Table 1 [38,39]). The HOMA-IR was calculated according
to a formula presented in the previous studies [38,39]:
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Fig. 4. Relative abundance of transcripts (means + SEM) associated with cellular stress (PRDX1 and HSP70.1) and metabolism (GLUT1, IGF1R, and IGF2R) were
obtained by real-time PCR of oocytes from nonlactating Bos indicus dairy cows fed diets to meet 100% (maintenance, n = 90) or 170% (high energy, n = 90) of
energy required for maintenance. Maintenance diet data were used as the reference (n = 1) for the relative gene expression and means of high-energy group are
shown as mean + SEM relative to the reference. *°Columns without a common letter differed (P = 0.01). Adapted from Sales [22].
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Table 1
Ovum pick up, in vitro embryo production and metabolic profile of high
production Holstein cows during early or late in lactation.

Item Phase of lactation P value

Early Late

Ovum pick up, in vitro embryo production and metabolic profile
General characteristics
No. of animals 70 67
DIM, days 110.5 +20.8 425.6 +21.0 —
Milk production, kg/day 343 + 1.2 234 +12 <0.0001
No. of insemination 0.7 +0.2 7.0+ 0.2 <0.0001
No. of lactation 24 +0.1 19+0.2 0.05
BCS (1-5 scale) 2.79 +£0.06 3.15+0.07 <0.0001
Ovum pick up

No. of follicles 148 £ 24 227 +24 0.0016
Recovery rate, % 46.4 + 4.4 53.8 £4.5 0.10
No. of oocytes 73 +£20 143 + 2.0 0.0004
No. of viable oocytes 46 + 1.6 9.7+ 1.6 0.0010
In vitro embryo production
No. of cleaved 4.7 £ 0.6 39+ 0.6 0.10
oocytes (D3)
Cleavage rate, % 48.0 + 0.1 414 + 0.1 0.08
No. of blastocyst (D7) 22 +04 14 +03 0.06
Blastocyst rate, % 23.0+0.1 133 £ 0.1 0.0005
Metabolites profile
Total Protein, g/dL 7.9 £ 0.1 7.8 +0.1 0.16
Albumin, g/dL 32+00 3.30 £ 0.0 0.78
Globulin, g/dL 4.6 + 0.1 447 £ 0.1 0.12
Albumin/globulin ratio 0.71 £ 0.0 0.78 + 0.0 0.14
Urea, mg/dL 360+ 1.6 308 £ 1.1 0.18
Creatinine, mg/dL 09 + 0.0 1.0 £ 0.0 0.55
CK, U/L 69.7 £5.3 80.1 +11.1 029
AST, U/L 734 +3.7 64.3 + 2.6 0.40
GGT, U/L 221+16 282 +49 0.30
Triglyceride, mg/dL 153 £ 04 17.1 £ 0.7 0.10

Cholesterol, mg/dL 156.1 £54 1495 £+ 5.1 0.98

HDL, mg/dL 51.1 £ 2.1 476 +£1.9 0.52
LDL, mg/dL 102.0 + 44 98.5 +4.5 0.89
VLDL, mg/dL 31+0.1 34+0.1 0.25
NEFA, mol/L 045 +0.03 0.35+002 0.07
BHBA mg/dL 511+022 473+018 0.01
Glucose, mg/dL 564 + 0.8 62.0 + 0.9 0.02
Insulin, plU/mL 84 +12 214 £ 3.0 0.001

Ratio of insulin 0.15+0.02 0.34+0.05 0.001
and glucose
HOMA-IR

Oocyte genes expression

mtDNA amount

123 +£0.18 336 +0.51 0.0001

MtDNA 1.0 + 0.26 054+ 0.13  0.02
Mitochondrial genes
MTCO1 1.0 £0.24 2.7 +048 0.001
NRF1 1.0 +£ 0.20 1.2+017 0.19
POLG 1.0+ 033 25+0.62 0.008
POLG2 1.0 £0.28 1.5+026 0.06
PPARG 1.0 +£ 0.20 1.8+030 0.02
TFAM 1.0 £ 0.20 39+135 0.003
Apoptotic genes
BAX 1.0 £ 0.24 1.3+018 0.18
BCL2 1.0 +£ 0.22 1.2 +£027 0.63
BAX/BCL2 1.0 +0.20 22 +041 0.001
ITM2B 1.0 £ 0.26 2.1+051 002
Maturation genes
BMP15 1.0 £ 0.15 08+0.09 034
FGF8 1.0 £0.24 1.0+0.15 0.73
FGF10 1.0 £ 0.38 05+0.11 0.19
FGF16 1.0 £ 0.20 08+ 0.12 0.72
GDF9 1.0 £ 0.22 094+0.14 0.89

Abbreviations: AST, aspartate aminotransferase; BHBA, f-hydroxybutyrate;
DIM, days in milk; GGT, gamma glutamyltransferase; HDL, high-density
lipoprotein; LDL, low-density lipoprotein; NEFA, nonesterified fatty acids;
VLDL, very-low-density lipoproteins.

Adapted from Ferreira [25].

[basal insulin (pIU/mL) x basal glucose (mmol/L)]/22.5. The
major purpose of the HOMA-IR is to predict insulin resis-
tance of peripheral tissues based on a single blood sample
after an overnight fast. Moreover, late-lactation cows had
lower serum concentrations of both NEFA (P = 0.07) and
BHBA (P = 0.01), although there were greater serum con-
centrations of glucose (P = 0.02) and insulin (P = 0.001)
and a greater insulin-glucose ratio (P = 0.001) compared to
early-lactation cows. Stage of lactation did not alter other
serum metabolites evaluated (Table 1). Therefore, late-
lactation cows from the present study might have been
consuming energy in excess of requirements. Supporting
the previous data, lactating cows consuming excessive
energy intake experienced increased insulin resistance and
reduced blastocyst rate compared to cows consuming only
adequate amounts of energy [8].

Both relative and absolute numbers of copies of mito-
chondrial DNA (mtDNA) were reduced in oocytes retrieved
from late-lactation cows (Table 1), suggesting a disruption
of oocyte quality [25]. In addition, expressions of
mitochondrial-related genes (MTCO1, POLG, POLG2, PPARG,
TFAM) were increased in late-lactation cows, suggesting the
activation of compensatory mechanisms in response to
mitochondrial dysfunction (reduced number of copies of
mtDNA) aiming to improve the generation of energy (ATP)
required during early embryonic development. Further-
more, there was a greater ratio of BAX/BCL2 in late-lactation
cows, indicating an apoptotic phenotype of the oocytes
from this category (Table 1).

Overall, on the basis of the available data, we inferred
there was a possible association between reduced oocyte
quality and insulin resistance status, mostly manifested in
late-lactation cows fed a diet with excessive energy.

5. Conclusions

Low oocyte competence might be an important
contributor to low fertility in dairy cows with insulin
resistance status, a common scenario in later stages of
lactation in herds with inadequate management (e.g.,
nutrition, cattle welfare, environmental conditions, and
reproductive programs). The data presented herein rein-
forced existence of several risk factors for extended days
not pregnant and, consequently, a greater incidence of
nonpregnant cows during late lactation. Cows with an
extended interval to become pregnant are commonly those
with a previous peripartum disease, dystocia, postpartum
uterine infections, or compromised welfare (e.g., heat
stress or poor nutrition, both of which are common in
tropics). Therefore, after 150 DIM, lactating cows with
increased BCS might begin to exhibit metabolic alterations,
especially related to the energy metabolism, developing
peripheral insulin resistance. Also, late-lactation cows have
lower amounts of mtDNA and greater expression of
mitochondrial-related and apoptosis-related genes in their
oocytes. On the basis of all these data and associations, we
inferred that the fertility problems observed in non-
lactating dairy cows fed excessive dietary energy and in
late-lactation cows may be related to poor oocyte quality
associated with an insulin resistance status. Therefore, it is
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critical to highlight the importance of providing an
adequate periparturient transition period (i.e., minimizing
disease, stress, and uterine infections), with adequate en-
ergy intake (according to requirements), followed by a
systematic and efficient reproductive program using Al and
TAI to ensure the maximum number of pregnant cows in
early lactation. Additionally, adding chromium propionate
supplementation in cows consuming excessive energy can
prevent insulin resistance. Furthermore, embryo transfer
can be a practical, effective solution to achieve pregnancy in
late-lactation, nonpregnant cows (with reduced oocyte
quality and fertility to insemination).
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