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A B S T R A C T

Pregnancy loss in beef cattle causes both management and economic challenges to a producer. A
meta-analysis was conducted to quantify reproductive failures that occur during fertilization,
early embryonic development, and late embryonic/early fetal development periods of gestation
in beef cattle. The meta-analysis included more than 56,000 diagnostic records in 159 studies
from 48 papers with 12 studies included in fertilization and pre- blastocyst loss analysis (FERT;
days 1–7 of gestation), 107 in early embryo (EEM; days 7–32), and 40 in late embryo/early fetal
period (LEF; days 32–100) analysis. Although fertilization rates are reportedly high in beef cattle,
significant developmental failure occurs within the first 7 days of gestation. Approximately 28.4
% of embryos will not develop past day 7 of gestation with most embryonic losses occurring
before day 4. By the conclusion of the first month of gestation, 47.9 % of cows submitted to a
single insemination at day 0 will not be pregnant. Overall, LEF between days 32–60 and 100 was
5.8 %. Bos indicus animals had greater (P= 0.001) EEM compared to Bos taurus, but there was no
difference (P= 0.39) for the LEF period between subspecies. Primiparous cows had greater EEM
(P= 0.002) compared to nulliparous heifers and multiparous cows; and nulliparous heifers had
a greater LEF compared to primiparous and multiparous cows (P= 0.048). Collectively, these
cumulative findings provide a baseline assessment of pregnancy loss specific to beef cattle.

1. Introduction

A main principle for most profitable cowherd models is to maximize the number of cows that produce a marketable calf yearly;
however, calf crop percentage often fall below the level of expectation due to reproductive failures. Many cow calf operations are less
intensively managed than dairy herds resulting in minimal awareness of reproductive failure within a herd. Understanding the timing
of reproductive failure such as pregnancy loss can assist scientists and producers in making important management decisions;
however, results from conducting studies aimed at quantifying pregnancy loss during specific periods of gestation in beef cattle have
been somewhat inconsistent. It is generally accepted that fertilization rates in beef cattle are considerably greater than pregnancy
rates due to embryonic mortality occurring within the first 30 days of gestation which accounts for the largest percentage of
pregnancy loss. The amount of embryonic loss reported after day 30 until the early fetal period, however, is variable (Diskin and
Morris, 2008; Diskin et al., 2016). Causes of embryonic and fetal mortality are wide ranging from genetic lethal mutations and uterine
asynchrony to failure in maternal recognition of pregnancy, placental insufficiency and disease (Pope, 1988; Farin et al., 2006; Diskin
and Morris, 2008; Cheng et al., 2016; Pohler et al., 2016b; Abdalla et al., 2017).

Within beef cattle production, type of cattle and management strategies can significantly affect the extent of reproductive failures.
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Ayalon (1978) provided one of the earliest reviews of embryonic loss in cattle which is still commonly cited in recent publications.
During the last 40 years, there have been few publications in which there has been a specific review or in which there has been a
summary of pregnancy loss throughout gestation in beef cattle. Furthermore, there has been no systematic review or meta-analysis of
pregnancy loss in beef cattle. This gap in knowledge has a fundamental impact in measuring reproductive success and obtaining an
accurate estimate of when there are reproductive failures during the various reproductive processes that result in production of
calves. The primary objective of this meta-analysis is to conduct a review of studies and data to predict accurate values for re-
productive failures during multiple periods of gestation including fertilization, early embryonic, late embryonic/early fetal devel-
opment in beef cattle using quantitative analyses procedures. Secondarily, there was use of moderator analyses procedures of sub-
species and parity to evaluate the effect of these characteristics on reproductive failures during critical periods of gestation in beef
cattle. While many factors, including disease, environmental condition and management strategy, can increase or decrease re-
productive success, the aim with this meta-analysis is to identify an updated baseline value for critical periods of loss throughout
gestation in beef cattle.

2. Materials and methods

2.1. Data collection

Relevant literature was identified through comprehensive searches of Web of Science, PubMed, Google Scholar, pertinent sci-
entific journals and meeting proceedings. In addition to articles accessed as a result of original searches, reference lists from these
articles were used to identify additional articles in which there was relevant research reported. Search terms included “pregnancy
loss”, “embryo mortality”, “embryo loss”, “fertilization”, “conception rate”, “pregnancy rate”, “early embryo”, “late embryo”, “beef
cattle”, “beef cow”, and “beef heifer.” More than 1000 articles were identified and were further examined to determine suitability for
inclusion utilizing PRISMA guidelines for systematic reviews. Primary screening of every article was undertaken by S.T. Reese with
secondary reviews by G.A. Franco and K.G. Pohler. Each reviewer recommended or excluded articles based on a series of criteria to
avoid bias. Primary screening was based on title and abstract information to establish whether in the article there was reporting on
original research, determination of pregnancy rates in beef cattle and in the study(ies) conducted that there were not treatments that
were intended to be detrimental to pregnancy. Articles meeting these criteria were further evaluated for data extraction and, sub-
sequently, appraisal by G.A. Franco and K.G. Pohler. Mandatory inclusion criteria included i) cows or heifers of beef breeds ii)
published after adoption of ultrasonic technology for early pregnancy diagnosis to allow for accurate pregnancy determination
between days 28 and 32 of gestation and iii) day of gestation of pregnancy diagnosis, subspecies, location, parity, and/or breeding
method was listed. Studies with first pregnancy diagnosis after day 32 of pregnancy or that included dairy animals and trials with
treatments that could bias pregnancy success, such as induced twinning, were excluded from the meta-analysis. Articles were sourced
from countries with modern beef production systems, including North America, Europe, Brazil and Australia. In papers where there
was reporting on results from multiple treatment and/or control groups, and/or where there were detrimental losses as a result of
treatment (induced disease states, severe nutrient restriction, etc.), there was exclusion of these data from the average analysis.

Each study was assigned a pregnancy loss time period (fertilization, early embryo, late embryo/early fetal) based on when
pregnancy diagnoses occurred. Unfortunately, the physiological periods of pregnancy development do not coincide with common
time points of pregnancy diagnosis in herd management protocols. Time of pregnancy diagnosis in many studies does not correspond
to a single development period, therefore, some periods of this meta-analysis were extended beyond the usual physiological de-
velopmental period to include a greater number of studies (Fig. 1). Results from studies in which the pregnancy rate or embryo
recovery and survival was determined before day 7 of gestation (approximately a blastocyst stage embryo) were included in the

Fig. 1. Loss periods and physiological development of pregnancy. Divisions between periods used to classify studies in the meta-analysis did not
align with physiological development periods. Effort was made to best utilize the most possible trials within a logical distance from the true periods.
The black arrows represent the most common times for pregnancy diagnosis in beef cattle: an initial diagnosis between days 27 and 32 of gestation,
and a second diagnosis around day 60 or day 100 of gestation.
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initial period subsequently referred to in this manuscript as the period of fertilization and pre-blastocyst loss (FERT; days 1–7 of
gestation). This allowed for results of a more substantial number of studies to be included in the meta-analysis because actual
fertilization data are difficult to collect in in vivo studies. Pregnancy status was most commonly diagnosed before day 7 by flushing of
the uterus after uterine tissues were collected. With many studies there was reporting of individual stages of embryo development but
with this particular meta-analysis there was utilization of data from the most advanced stage of embryo present on the day of
collection (i.e., cleaved on day 4; blastocyst on day 7 of gestation). Studies in which there was flushing of the uterus strictly for
evaluation of embryo transfer factors were not included due to large variability and discrepancies on how data were reported and the
potential basis for the techniques used. Data collected from days 27–32 of gestation were classified as being collected during a period
when there is early embryonic mortality (EEM) for this meta-analysis, although the physiological period of early embryonic de-
velopment is considered to have concluded by day 28 of gestation. Transrectal ultrasound was the primary method of pregnancy
diagnosis; however, reproductive tract collections and pregnancy associated glycoprotein blood testing were utilized in some studies.
Importantly, collected EEM data will be confounded by loss that occurs during FERT because the data related to losses cannot be
separated in the studies reported in the original publications and are cumulative as the pregnancy progresses. While embryo de-
velopmental stage shifts to stage of fetal development between days 42 and 45 of gestation, there is most commonly reporting in these
studies of a secondary pregnancy diagnosis between days 60 and 100 of gestation evaluated using transrectal ultrasonography. Data
from all studies in which there was diagnosis of pregnancy between days 60–100 are combined to assess reproductive failures
occurring from days 60–100 of gestation which is termed late embryo/early fetal loss (LEF) for purposes of this analysis. This meta-
analysis included more than 56,000 diagnostic records in 159 studies reported in 48 papers with 12 FERT studies, 107 EEM studies,
and 40 LEF studies. Classification of studies is reported in Table 1.

2.2. Effect size and moderator variables

A meta-analysis of reproductive failures during various reproductive processes was conducted to determine percentage of
pregnancy losses and periods when there were significant reproductive failures. Although meta-analyses are generally conducted to
examine a relationship between two groups or treatments, pregnancy loss was the single group effect size for this analysis. Effect sizes
were calculated from data provided within the publications as percent pregnancy loss during each developmental period.
Fertilization and EEM classification effect sizes are reported as percent of cows diagnosed as being non-pregnant when there were
uterine flushing or ultrasonic diagnosis and percentage determinations of reproductive failures relative to total cows inseminated. In
studies where both conception rate based on ovulation or estrus expression and pregnancy rate based on total cows inseminated were
reported, pregnancy rate was utilized for effect size calculations to maintain consistency across all studies. Effect sizes for LEF are
reported as a percent of cows that were diagnosed pregnant between days 28 and 32 but not pregnant at a secondary diagnosis, not as
a percent of total cows inseminated.

Variables that may have contributed to variation among pregnancy losses were collected to be used as moderators. Described as
third variables, moderators are variables which may have an effect on the extent or direction of change in the dependent variable and
is generally a subset of the independent variable (Baron and Kenny, 1986). Moderators that were subjected to analysis included
country of study, subspecies, parity and breeding method. Other moderator variables collected, if available, included state/region,
service sire, synchronization protocol, body condition score and objective of original paper. Availability of all moderators did not
affect eligibility for inclusion in the analysis; however, all papers did include descriptions of parity, subspecies (or breed) and country
of study. Acquisition of these data allowed for an adequate number of studies to be included in each group for moderator analysis of
parity and subspecies. Country of study was closely aligned with subspecies moderator analysis; therefore, it was not reported
separately. In all studies, there was utilization of only cows with adequate body condition scores.

2.3. Meta-analysis

When conducting the meta-analysis, the methodology established by Borenstein et al. (2009) was utilized. Summary effects and
associated statistics were computed using Comprehensive Meta-Analysis Version 3 (CMA) software (Biostat, Englewood, NJ, USA;
2014). Due to the high probability that true effects vary among studies, the random-effects model was used. A nonparametric
variance was calculated using the following to weight studies within the meta-analysis as standard errors and standard deviations
were not reported in a majority of papers

=
× −

×V P P
n

m( 1) 0.5

where V is the variance, P is the point estimate, n is the sample size for the specific period and m is the number of studies extracted
from the individual paper. For some papers, there were results from numerous studies from a single cow herd reported; the m
correction was used to decrease weight that may be given when there were multiple studies with one herd so as to decrease the bias.
Heterogeneity was calculated to evaluate the variation of random true effects that exist in pregnancy loss populations across multiple
studies. Heterogeneity was assessed using the Q test for which the formula is subsequently described. This is a chi-square statistic that
can be used to evaluate total weighted variability by accounting for both true heterogeneity (variation among studies) and expected
sampling error (within study variation). The formula for this determination is as follows.

= +Q Q Qt b w
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Heterogeneity was quantified using the formula for calculation of I2 as an index that provides the proportion of variation due to
true effects if sampling error was removed:

=
−

×I
Q df

Q
100t

t

2

where df (degrees of freedom; number of trials – 1 for each period of loss) represents expected variation (Qw) and Qt – df represents
the excess variation (Qb). Lesser I2 values close to 0 % indicate most variation is due to sampling error or no heterogeneity; whereas,
I2 values closer to 100 % denote variation in true effect sizes and indicate there is heterogeneity with the data (Higgins et al., 2003).
For heterogeneity analysis, the prediction intervals (PI) were reported. Prediction intervals are dispersion indexes based on standard

Table 1
Period and moderator classification of studies.

Reference Country Loss Period1 Subspecies2 Parity3 Breeding Method4 No. of Animals

Aono et al., 2013 Brazil E, L I P, M FTAI 12,357
Beal et al., 1992 USA L T M AI 205
Breuel et al., 1993 USA F T M N, AI 50
Burns et al., 2008 USA E, L T P, M FTAI 676
Carter et al., 2008 Ireland F, E T N AI 125
Colazo et al., 2004 Canada E T N, M FTAI 363
Cooke et al., 2017 Brazil E, L I M FTAI, 1,209
Cordeiro et al., 2015 Brazil E I N, M FTAI, ET 350
Diskin and Sreenan, 1980 Ireland F, E T N AI 145
Dobbins et al., 2009 USA E, L T P, M FTAI 605
Dunne et al., 2000 USA E T N AI 158
Ferreira et al., 2016 Brazil E, L I M FTAI 604
Franco et al., 2018 Brazil E, L I M FTAI 1,228
Garrett et al., 1988 USA F, E T M N 31
Jinks et al., 2013 USA E, L T M ET 350
Kill et al., 2013 USA E, L T N FTAI 679
Lamb et al., 2001 USA E T P, M AI, FTAI 365
Lamb et al., 2006 USA E T N AI, FTAI 1,019
Larson et al., 2006 USA E, L T P, M AI, FTAI 2,417
Lopes et al., 2009 Brazil E I P, M FTAI, ET 2,667
Martinez et al., 2002a Canada E T N FTAI 503
Martinez et al., 2002b Canada E T N, M FTAI 622
Meneghetti et al., 2009 Brazil E I P, M FTAI 3,260
Mercadante et al., 2015 USA E T, X N, M FTAI 2,370
Mialon et al., 1993 France L T N AI 1,102
O’hara et al., 2014 Ireland E T N AI 33
Parr et al., 2017 Ireland E T N AI 83
Peres et al., 2009 Brazil E I N, M FTAI 1,855
Perry et al., 2003 USA E, L T P, M FTAI 174
Perry et al., 2007 USA E, L T N AI, FTAI 208
Pessoa et al., 2012 Brazil E, L I N, P, M FTAI 658
Pfeifer et al., 2017 Brazil E I P, M FTAI 253
Pohler et al., 2013 USA E, L T M FTAI, ET 354
Pohler et al. (2016a, 2016b) Brazil E, L I P, M FTAI 2,205
Pontes et al., 2009 Brazil E, L I N ET 1,199
Pontes et al., 2011 Brazil E, L X N ET 5,938
Pradebon et al., 2017 Brazil E T N FTAI 414
Radigonda et al., 2017 Brazil E X M FTAI 150
Roche et al., 1981 England F T N AI 131
Sá Filho et al., 2010 Brazil E I, X M AI, FTAI 2,388
Sá Filho et al. (2009) Brazil E I M FTAI 2,491
Sa Filho et al., 2014 Brazil E, L I P, M FTAI 1,538
Sales et al., 2011 Brazil E, L X N ET 495
Smith et al., 1982 USA F, E I N AI 101
Spitzer et al., 1978 USA F T N AI 30
Starbuck et al., 2006 USA E, L T M AI, FTAI 267
Stevenson et al., 2003 USA E, L T M FTAI 1,048
Unpublished Pohler Lab USA E, L T P, M FTAI 229

1 F=Fertilization (diagnosed before day 7 of gestation), E= early embryo mortality (loss prior to day 32 of gestation), L= late embryo/ early
fetal mortality (pregnancy loss between initial pregnancy diagnosis at days 28–32 of gestation and second pregnancy diagnosis between day 60 and
100).

2 Subspecies evaluated: T = Bos taurus, I = Bos indicus, X= cross breed of Bos taurus x Bos indicus.
3 N=nulliparous, P=primiparous, M=multiparous.
4 AI= artificial insemination based on estrus expression, FTAI= fixed time artificial insemination based on protocol specifications, N=natural

service, ET= embryo transfer 7 days post predicted ovulation.
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deviation that indicates how the effect sizes vary among all populations (95 % confidence that an individual study will fit), whereas,
confidence intervals (CI) are more specific as it relies on the standard error and is dependent on the number of studies (essentially
there is 95 % confidence that the mean will fall in this range) (Borenstein et al., 2017). Heterogeneity P values are reported among
moderator subgroups and denote the probability that all groups share a common effect size.

Although this meta-analysis was conducted to examine a single effect size rather than a treatment effect, publication bias analysis
was conducted to ensure balance between the results of large and small studies for each of the periods when reproductive failures
were assessed. Two separate tests were used to detect potential bias. Funnel plot analysis can be used to provide a visual assessment
to determine whether sample size affects the distribution of data around the mean (Borenstein et al., 2009). A symmetrical funnel plot
can be used to indicate large and small studies are equally represented on either side of the mean. Secondly, Duval and Tweedie’s
(2000) trim and fill test can be used to adjust the effect size by removing data from small studies with extreme effect sizes and
imposing studies to make the funnel plot symmetrical on both sides of the found effect size (Duval and Tweedie, 2000). Once the
potentially missing studies are filled the possibility of exaggerated effect size can be assessed.

3. Results

3.1. Fertilization and pre-blastocyst failures

Due to the difficulty and cost associated with conducting fertility studies, a limited number of studies (n = 12) that examined
pregnancy loss during the earliest periods of gestation were identified. Studies that determined outcomes through day 7 of gestation
(approximately blastocyst developmental stage) were included in FERT analysis. It is recognized this does not accurately represent
the actual percentage of zygote production but includes all loss during the initial stages of embryo development and cell division.
Across 12 studies, the average pregnancy loss was 28.4 % (CI, 19.4 %–37.4 %) by day 7 after fertilization. Interestingly, in studies
with data collected before day 4 (n=6), reproductive failures were 23 %, indicating that most losses during this time period are due
to fertilization or initial cell division failures. Heterogeneity was low (I2 = 18.5 %). The prediction interval indicated that 95 % of
pregnancy failures by day 7 of gestation will be in the range of 9.3%–47.5%. For the limited number of studies of fertilization
analysis, publication bias did not affect the analysis based on funnel plot and trim and fill analysis publication bias tests. There were
inadequate numbers of Bos indicus studies to provide a subspecies comparison and all but one study was conducted using heifers, thus,
there was not moderator analysis for the FERT period.

3.2. Early embryo loss

In most studies the end of the early embryonic period was defined as ending on day 28 of gestation from a physiological per-
spective, therefore, the initial pregnancy diagnosis in beef cattle usually occurs after this timepoint, around day 30–32 of gestation.
To utilize data from the maximum number of studies possible, EEM analysis included studies of data collected using pregnancy
diagnosis occurring between days 27 and 32 of gestation (n =107). Pregnancy loss during the EEM period was 47.9 % (CI, 45.8
%–50.0 %) for more than 53,000 individual cows. Additionally, 11 separate studies were identified in which there was diagnosis of
pregnancy between days 12 and 16 of gestation using data collected at the time of detection of an embryo following collection of
uterine tissues (slaughter) and reported a pregnancy loss point estimate of 32.3 % (CI, 24.9 %–37.8 %). The 47.9 % reproductive
failure rate that occurs during the first month of gestation in beef cattle as detected using the meta-analysis can be refined: 28.4 % by
day 7 of gestation, 3.9 % between days 7 and 16, and 15.6 % between days 16 and 32.

Reproductive failures during the EEM period was highly variable and moderator factors were more easily evaluated than ferti-
lization data (Fig. 2). Moderator analysis of subspecies indicated a point estimate of 50.4 % reproductive failure during the first
month of gestation for cattle of Bos indicus breeds while Bos taurus counterparts had a lesser reproductive failure (44 %; P= 0.001).
Fewer data were available for crossbred cattle with both Bos indicus and Bos taurus genetic influence (n=9) and data were highly
variable (52.3 %, CI, 44.1 %–60.4 %). Parity also affected early embryonic mortality (P= 0.002). For parity moderator analysis,
average early embryonic mortality for nulliparous heifers (n = 39) was 44.3 %, and for primiparous cows (n = 17) was 54.7 % and
multiparous cows (n = 49) was 48.0 %. Breeding method affected early embryonic mortality (P = 0.001), with pregnancy loss in
cows bred using AI after natural estrous expression being 32.2 % (n=10), fixed time AI (FTAI) 49.5 % (n=83) and embryo transfer
(ET) 54.6 % (n=13).

Heterogeneity of the EMM data set and by moderator sub level analysis was low as indicated by overall I2 value equaling 13.1 %.
Based on PI calculations, about 95 % of populations will have an overall EEM effect size in the range of 40.9%–54.9%. There was no
indication of publication bias contributing to the effect size of early embryo loss.

3.3. Late embryo and early fetal losses

The late embryonic period has been defined as day 29 to approximately day 45 of gestation (Hubbert et al., 1972). Due to limited
number of trials in which there was diagnosis of pregnancy at day 45, day 60 was considered as the last day of the late embryonic
period. Additionally, there were a significant number of studies in which pregnancy diagnosis was conducted at day 30 and again
around day 100 of gestation. Other than when there are infectious causes, there is little late fetal mortality in beef cattle and data for
losses after day 100 were not included in the meta-analysis. After including data from studies in which there was a final pregnancy
diagnosis between days 60 and 100, there was identification of 40 studies including 30,500 individual animals that were classified as
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LEF. Reproductive failures during the LEF period averaged 5.8 % (CI, 4.8 %–6.9 %). There was no subspecies did not effect on the
frequency of pregnancy loss during this period (Bos indicus 5.0 % and Bos taurus 5.9 %, P= 0.389, Fig. 3). Moderator analysis of
parity indicated there were differences (P= 0.048) between nulliparous heifers (n=10; 8.1 %), primiparous cows (n=4; 5.4 %),
and multiparous cows (n=14; 5.1 %) (Fig. 3). When there were pregnancies resulting from ET, there was a greater (P= 0.001) LEF
(n=7; 10.2 %) compared with pregnancies resulting from FTAI (n = 26; 4.9 %). Consistent with other periods, results from
heterogeneity analysis indicated there was a significant sampling variation compared to actual variation with an I2 value of 8.7 %.
Late embryonic/early fetal loss data were not affected by publication bias.

3.4. Pregnancy losses through gestation

Reproductive failures during the various developmental periods can be combined to determine the overall losses from the time of
fertilization to the end of gestation (Fig. 4). In beef cattle, more than 50 % of the total reproductive failures occur prior to day 16 after
insemination. Between day 16 and 32, there will be reproductive failures (pregnancy losses) in an additional 15.5 % of cows.
Reproductive failures after the first month of gestation, on average, occurs in less than 6 % of beef cows; however, this is primarily
affected by moderators and environmental factors.

4. Discussion

Meta-analysis results indicate that incidence of reproductive failure in beef cattle has not drastically changed since the first
scientific reports (Ayalon, 1978); although a detailed description of periods during which pregnancy losses occur has potential
impacts for research advancements and modified industry recommendations. Collecting large quantities of accurate reproductive
data from beef cattle is more difficult when compared with dairy cattle, as less intensive management routines limit collection of
large quantities of field data. This has led to limited information regarding timing of pregnancy loss in beef cattle which have
different patterns of fertility and reproductive failure compared to dairy cattle.

Pregnancy loss periods as reported in this meta-analysis differ in terms of days of gestation compared to developmental period
definitions based on physiological events. Although overlap may occur between physiological periods, the main objective of the

Fig. 2. Point estimates and 95 % CI for moderators explaining early embryonic mortality during the first month of gestation. n = number of trials ;
heterogeneity P denotes the probability all trials share a common point estimate. Some publications that utilized multiple moderators in a single trial
and could not be separated were excluded from moderator analysis.
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present meta-analysis was to identify and report a summary of the pregnancy loss based on available reports in research articles.
While fertilization is generally thought of as a singular event at the initiation of pregnancy, results from all studies were included in
which there was identification of pregnancies before day 7 accounting for fertilization and initial embryo development failure.
Embryonic period, when strictly classified according to the physiological events during gestation, should refer to the period from
conception to the end of embryonic differentiation stage, which is around day 42–45 of gestation (Hubbert, et al., 1972). It is
commonly subdivided into early embryonic period (conception to day 28) and late embryonic period (days 28–42) marked by
placental attachment and delineation of the fetal shape; however, pregnancy diagnoses are often reported at days 30–32 and later at
days 60–100. The timeline used for the present meta-analysis maximizes the number of trials included in the analysis to obtain a more
accurate prediction of reproductive efficiency data.

Fertilization and blastocyst formation are the initial processes for any pregnancy to occur. In early reviews of reproductive failure,
there is reports indicating fertilization rates in beef cattle are approximately 90 % which is consistent with findings of structures
collected at day 7 of gestation with embryo transfer (Maurer and Chenault, 1983; Santos et al., 2004). Unfortunately, significant
embryo failure occurs between fertilization and day 7. Furthermore, collecting fertilization data is difficult and often requires uterine

Fig. 3. Point estimates and 95 % CI for moderators explaining late embryonic/ early fetal mortality. n= number of studies; heterogeneity P denotes
the probability all studies share a common point estimate. Some publications that utilized multiple moderators in a single trial and could not be
separated were excluded from moderator analysis.

Fig. 4. Average predicted pregnancy rate by day of gestation in beef cattle. Grey area indicates area of 95 % confidence interval.
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flushing after collection of uterine tissues. In the current meta-analysis, fertility and pre-blastocyst development failures during the
FERT period averaged 28.4 %, with a range from 2.9%–44.4%. In comparison, embryo mortality during the first week of gestation in
lactating dairy cattle can average 50 % when there is no evidence of excess stressors (Wiltbank et al., 2016). Although beef cattle have
limited production stress compared to dairy cattle, there are physiological factors that may have important functions in pregnancy
success during the first week of gestation. Data suggest beef cows with large (> 15.7mm) or persistent dominant follicles are less
fertile, likely due to decreased concentrations of progesterone and estradiol during follicular development (Ahmad et al., 1995; Perry
et al., 2007; Abreu et al., 2014). Body condition score (BCS) and effects of nutrient restriction also impact initial embryo develop-
ment. Cows and heifers with decreasing BCS or body weight post-AI not only have greater pregnancy losses but specifically have
embryos with lesser quality grades and a greater percentage of immature staged embryos when collected at day 7 of gestation
(Bridges et al., 2012; Perry et al., 2013; Kruse et al., 2017). Results from studies support that these failures are not due to fertilization
failure or less than optimal progesterone concentration, but some other developmental incompetency related to the maternal en-
vironment (Spitzer et al., 1978; Kruse et al., 2017). Animals in studies included in this meta-analysis were bred after observation of
estrus using semen of acceptable fertility or by natural service. Sire effects could not be assessed but paternal genetics can contribute
significantly to early embryonic mortality (Ledoux et al., 2015). Samples sizes in studies were small and that may contribute to the
variation in pregnancy loss. Furthermore, the absence of studies in which there was comparison of different factors such as parities
and subspecies, indicate that there is a gap in current knowledge of pregnancy development during the first week of gestation in beef
cattle. More research could result in enhanced knowledge about how factors, including parity and breeding method, contribute to
pregnancy loss in the first week of gestation in beef cattle. The current meta-analysis is one of the more homogeneous; however,
limitations of sample population diversity may mask differences between subspecies or parities, as only Bos taurus animals were
represented and most studies conducted with heifers.

A significant amount of pregnancy loss in cattle occurs during the first month of gestation in beef cattle. There is, however, some
debate on when this loss is most significant: during initial embryo elongation (days 7–14) or during maternal recognition of preg-
nancy and beyond (days 15–28). There are reports indicating the greatest single period of pregnancy loss is the second week of
gestation when there is hatching of the blastocyst and initiation of elongation of the embryo (Diskin and Sreenan, 1980; Carter et al.,
2008; Lonergan et al., 2016). Alternatively, other recent evaluations of available data, including this meta-analysis, may indicate
otherwise (Burns et al., 2015; Wiltbank et al., 2016). It is important to note that reports of increased pregnancy loss during the second
week of gestation may be heavily influenced by data collected from lactating dairy cattle. Only 11 studies in beef cattle were
identified in which there was measurement of pregnancy loss before day 16, likely due to inconsistencies in identifying pregnancies at
this early stage of development. Of the 11 studies, in one there was reporting of data collected from Bos indicus cattle which warrants
further research to establish potential subspecies differences. The results from this meta-analysis suggest increased pregnancy loss
after the second week of gestation whereas the traditional assumption is there are greater pregnancy losses during the second week of
gestation prior to maternal recognition of pregnancy. During the second half embryonic development between days 15 and 28 of
gestation, for successful pregnancy maintenance there is reliance on proper maternal recognition of pregnancy and important pro-
cesses protecting the embryo from the maternal immune system (Roberts and Schalue-Francis, 1990; Bauersachs and Wolf, 2013;
Yang et al., 2014). Losses during this period provide significant challenges to the adoption of early pregnancy diagnosis methods
including the use of information related to interferon stimulated genes (Green et al., 2010; Pugliesi et al., 2014).

This meta-analysis provides a baseline value based on large quantities of data in current research that model beef production
systems utilizing assisted reproductive technologies. Based on the consistency in results from this meta-analysis, there is approxi-
mately a 50 % pregnancy rate at day 30 of gestation when utilizing estrous synchronization, regardless of moderator combinations.
Although there are a limited number of trials available, results from the current meta-analysis indicate there is a 15 % increase in
pregnancy rate in cattle bred following estrus expression compared to those bred using a FTAI protocol following synchronization of
estrus. This may be confounded by results from studies where there is the requirement for controlled data collection and use of FTAI
protocols, especially in large Bos indicus trials conducted in South America. In a meta-analysis of expression of estrus in FTAI pro-
tocols, heifers exhibiting estrus before AI had a 27 % greater conception rate compared to heifers that did not express estrus
(Richardson et al., 2016). Estrous expression with use of FTAI protocols is highly variable with there being reports of between
20%–80% of animals not exhibiting estrus prior to AI in both Bos indicus and Bos taurus subspecies (Richardson et al., 2016; Thomas
et al., 2017; Rodrigues et al., 2018). Additionally, Bos indicus cattle are generally located in regions where the severe climatic
conditions result in greater physiological stress, particularly as a result of nutritional factors, as compared with Bos taurus beef cows
which contribute to trends of decreased fertility (Chenoweth, 1994; Bó et al., 2003). Cows with a lesser BCS or that are anestrous will
have decreased estrous expression which is a variable that is correlated with pregnancy rates (Richardson et al., 2016). A less than
optimal BCS is a critical factor in reduced fertility of primiparous cows (DeRouen et al., 1994; Ciccioli et al., 2003); however, data
were not variable enough to utilize BCS as a moderator in the current meta-analysis. Additionally, results from studies in which there
was examination of the combination of growth, lactation and reproduction stressors indicate there is an increased pregnancy loss in
primiparous cows compared to heifers and multiparous cows (Werth et al., 1996; Lalman et al., 1997; Freetly et al., 2006).

Hormone manipulation, nutritional management, health protocols and other factors that may increase day 30 pregnancy rates
have been studied extensively. Late embryonic and fetal mortality is the focus of less research and, thus, how these factors affect
fertility failures is less understood than other areas of pregnancy loss. Late embryonic/early fetal mortality has significant negative
impacts on reproductive efficiency and economic consequences because cows may be retained in the herd for an entire season
without producing a marketable product. Based on the current study, overall LEF in beef cattle is 5.8 % which is significantly less
compared to what occurs in dairy cattle. In most reports, there is an estimation of late embryonic mortality of lactating dairy cows
between 10 % and 20 % (Grimard et al., 2006; Pohler et al., 2016a; Wiltbank et al., 2016), although in some studies results indicate
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there is about a 7 % late embryonic loss (Silke et al., 2002). With beef cattle herd management, there is more crossbreeding utilized
than occurs in dairy cattle, thus, there is less inbreeding and expression of recessive genetically lethal traits which are known
contributors to increased late embryonic mortality in dairy cattle (Cassell et al., 2003; Diskin and Morris, 2008). Additionally, use of
advanced reproductive technologies, such as in vitro produced embryos, result in increased LEF; however, these technologies are not
widely used in beef production (Farin et al., 2006). With the current meta-analysis, the studies included were where there was a
confirmed pregnancy on either day 60 or 100 of gestation. Interestingly, results from studies with pregnancy diagnosis on day 60
indicated there was no difference (P= 0.39) in pregnancy loss compared to studies where there was pregnancy diagnosis at day 100
when initial diagnosis occurred around day 30. This indicates that fetal loss during the third month of gestation between days 60 and
100 is limited. Most studies in which there is pregnancy diagnosis on day 100 are conducted with Bos indicus cows and most day 60
studies were conducted in Bos taurus cows. It, therefore, may be interesting to analyze data from Bos indicus cows at day 60 and Bos
taurus cows at day 100 to ascertain if a subspecies effect exists. Heifers had a greater late embryonic/early fetal mortality rate (8.1 %)
than cows (5.1 %) but there were inadequate numbers of trials included in the meta-analysis for detection of a difference between Bos
indicus heifers and Bos taurus heifers. From a management perspective, it is unknown if there is a physiologic factor affecting parity
differences or if animals more susceptible to LEF are culled as heifers before being retained for placement in the mature cow
population.

While the results from available studies only provide enough data for moderator analysis of subspecies, breeding method and
parity, other factors may have important effects when quantifying embryo loss. Using results from available studies, there was no
identification of other moderators or additional variables that significantly affected the results from the meta-analysis, therefore,
estimates for pregnancy loss during multiple periods are both statistically and biologically sound. Optimal reproductive management
strategies are dependent on numerous factors and with future analyses there should be comparisons of the impact of estrous syn-
chronization protocols, sire effects, and nutritional status on overall reproductive performance to make recommendations for field
use.

5. Conclusion

Gestational loss during the early stages of pregnancy can be detrimental to calving rates in beef cattle. The results from the current
meta-analysis and further heterogeneity analysis indicates early fertilization failures are variable among cattle types and ages pro-
viding opportunity for both research and improved production strategies. Fertilization rates may be as high as 95 % in some sce-
narios; however, current research is limited to a few studies in beef cattle. Loss during the early embryonic period is dependent on
many factors, the most impactful being parity with primiparous heifers where there are large amounts of reproductive failure early in
gestation. Approximately 48 % of cows will not be pregnant at day 30 of gestation following a single insemination. Late embryonic
mortality is variable among beef cattle and significantly less than what is reported in dairy cattle. Further reporting of pregnancy loss
data is of great interest to identify other factors that may positively or negatively affect pregnancy loss at different points in gestation.
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