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ABSTRACT

Cows with reduced estrous expression have compro-
mised fertility. The aim of this study was to determine 
whether the administration of GnRH at the time of 
artificial insemination (AI) would affect ovulation rates 
and the fertility of animals expressing estrous behavior 
of lesser intensity. Cows were enrolled at the time of 
estrus from 3 farms (n = 2,607 estrus events; farm A: 
1,507, farm B: 429, farm C: 671) and randomly as-
signed to receive GnRH at AI or not (control). The 
intensity of estrous expression, monitored through 
leg-mounted activity monitors, was determined using 
the maximum activity during estrus; estrous expres-
sion was categorized as greater or lower relative to the 
farm median. On farm A, cows were assessed at alert, 
and 24 h, 48 h, and 7 d post-alert for ovulation using 
ultrasonography. Pregnancy per AI was confirmed at 
35 ± 7 d post-estrus for cows that were inseminated. 
Differences between treatments were tested using the 
GLIMMIX procedure of SAS. Treatment with GnRH 
at the time of AI increased pregnancy per AI (41.3 ± 
1.6 vs. 35.7 ± 1.7%). An interaction between treatment 
and estrous expression on pregnancy per AI was found. 
Control cows with greater estrous expression had great-
er pregnancy per AI than those with lesser expression, 
whereas GnRH administration increased pregnancy 
per AI for cows with lesser estrous expression but not 
those with greater expression (GnRH, greater intensity: 
43.5 ± 2.1; GnRH, lesser intensity: 37.8 ± 2.2; control, 
greater intensity: 42.6 ± 2.2; control, lesser intensity: 
31.0 ± 2.2%). A higher proportion of cows with greater 
estrous expression that were administered GnRH at AI 
were found to ovulate by 48 h and 7 d post-estrus; how-
ever, ovulation of cows with lesser estrous expression 
was unaffected by GnRH administration. In conclusion, 
fertility of cows with reduced estrous expression may 
be increased using GnRH at the time of AI; however, 

increased ovulation rates do not seem to be the direct 
mechanism behind this relationship.
Key words: estrous expression, fertility, gonadotropin-
releasing hormone

INTRODUCTION

Achieving high reproductive performance is a prima-
ry goal on commercial dairy farms. Different reproduc-
tive management practices are available to producers, 
but automated activity monitors (AAM) are being 
adopted as a sustainable alternative or complement to 
visual heat detection and systematic timed AI. In a re-
cent Canadian survey, half of the farmers with freestall 
herds reported using AAM to aid in estrus detection 
in at least a portion of their herd (Denis-Robichaud 
et al., 2016). Despite the growing interest in using this 
technology, challenges remain regarding interpretation 
of the data to optimize breeding decisions.

The occurrence of estrus has been shown to improve 
fertility of timed AI protocols by increasing conception 
rates (Galvão et al., 2004; Pereira et al., 2014) and 
reducing pregnancy losses (Galvão et al., 2004; Pereira 
et al., 2014, 2016). Similarly, benefits of estrous expres-
sion for both donor heifers (Madureira et al., 2020) and 
recipient cows (Jinks et al., 2013; Pereira et al., 2016) 
participating in embryo transfer have been noted. Not 
only has the occurrence of estrus been shown to affect 
fertility, but the intensity of estrous expression has also 
been associated with fertility when timed AI protocols 
are implemented (Madureira et al., 2019) and at spon-
taneously occurring estrus events (Madureira et al., 
2015). Recently, quantification of different behavioral 
changes associated with estrus, such as walking activity 
(López-Gatius et al., 2005; Madureira et al., 2015), ly-
ing behavior (Silper et al., 2017), and activity measured 
using neck movement (Madureira et al., 2015; Burnett 
et al., 2017, 2018) measured using AAM have been as-
sociated with fertility.

In addition to conception, ovulation timing and fail-
ure have been shown to differ with estrous expression. 
Cows with lesser estrus intensity (Burnett et al., 2018) 
and shorter duration of estrus (Hockey et al., 2010; 
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Valenza et al., 2012; Stevenson et al., 2014) have been 
associated with shorter intervals from the time of AAM 
estrus alert to ovulation. Moreover, less estrous expres-
sion has also been associated with increased ovulation 
failure both at spontaneous estrus events (Burnett et 
al., 2018) and at timed AI (Silper et al., 2017; Madu-
reira et al., 2019). The occurrence of estrus at the end 
of timed AI protocols using tail chalk has also reported 
to increase ovulation rates (Galvão et al., 2004; Pereira 
et al., 2014).

Previously, GnRH has been shown to indirectly cause 
ovulation through the action of LH (Thatcher et al., 
1993). Administration of GnRH at the time of AI has 
been studied for its effects on pregnancy per AI, but 
findings have been mixed for both first service and 
repeat breeders (first service reviewed by Mee et al., 
1990, and repeat breeders reviewed by Stevenson et al., 
1990). However, no research has been carried out to 
determine the effects of different intensities of estrous 
expression with and without GnRH administration on 
fertility.

Upon reviewing the available literature, we suggest 
that cows with lesser estrous expression may have com-
promised fertility due to improper ovulation times or 
ovulation failure (Stevenson et al., 2014; Burnett et al., 
2018). Thus, the objective of this study was to deter-
mine whether the fertility of spontaneous estrus events 
with lesser estrous expression increases when cows are 
stimulated to ovulate when administered GnRH at the 
time of AI. We hypothesized that the administration of 
GnRH to cows at the time of AI would decrease ovula-
tion failure and increase fertility in cows showing lesser 
intensity of estrous expression, but not in cows showing 
greater intensity of estrous expression.

MATERIALS AND METHODS

This experiment was conducted from February 2017 
until October 2018 on 3 commercial farms, one of which 
was the University of British Columbia’s Dairy Educa-
tion and Research Centre, in Agassiz, British Columbia, 
Canada. All procedures were approved by the Animal 
Care Committee of the University of British Columbia 
(protocol no. A18-0039).

Animals and Housing

This study took place on 3 commercial dairy farms 
located in the lower Fraser Valley region of British 
Columbia. A total of 2,709 episodes of estrus (farm 
A: 1,591; farm B: 439; farm C: 679) were used from 
990 lactating Holstein cows (farm A: 430; farm B: 
241; farm C: 319); an average (mean ± SD) of 2.6 ± 
1.9 episodes per cow. On farms A and B, cows were 

housed in wood-framed barns with a freestall design, 
equipped with deep sand-bedded stalls, fans, and a 
manure scraper. On farm C, stalls were bedded with 
sawdust, and manure management used a flush system. 
On 2 farms, cows were milked twice daily at 0500 h and 
1500 h within conventional milking parlors, and the 
other used automated milking robots (Monobox; GEA 
Farm Technologies). Fresh TMR was delivered twice 
daily on 2 farms at approximately 0700 h and 1600 h, 
and on the third farm fresh feed was delivered once 
daily at approximately 0700 h. The TMR on each farm 
was formulated following the Nutrient Requirements of 
Dairy Cattle guidelines (NRC, 2001) to meet or exceed 
the requirements of a 620-kg Holstein cow producing 40 
kg/d of 3.5% fat-corrected milk; all cows on all farms 
had ad libitum access to both TMR and water.

All cows had their BCS and gait score (GS) assessed 
within 3 d of their estrus alert. Body condition and gait 
were scored using 5-point scales from thin (1) to obese 
(5) and sound (1) to severely lame (5), as outlined by 
Edmonson et al. (1989) and Flower and Weary (2006), 
respectively. Cows were later classified as thin (<2.75), 
average (2.75), or moderate (>2.75) and sound (≤2) or 
lame (>2) based on BCS and GS, respectively. Health 
and production information was collected by dairy herd 
personnel with the assistance of the herd veterinarian, 
and confirmed and recorded by the project leader from 
the on-farm Dairy Comp 305 software (Valley Agricul-
tural Software). The mean DIM, parity, BCS, GS, and 
305-d mature-equivalent yield are summarized by farm 
(see Table 1).

Study Design

In this randomized controlled trial, cows were contin-
uously monitored using leg-mounted pedometers (farm 
A: Afi PedoPlus, Afikim; farms B and C: Rescounter 
II, GEA Farm Technologies), fitted immediately after 
calving. Animals were enrolled in the study when the 
monitor identified them as having crossed the alert 
threshold, as set by the manufacturer of each AAM 
system. The thresholds for estrus alerts set by each 
company differed, but both systems compared the 
cows’ current activity to their own basal activity. The 
threshold created by the Afi PedoPlus monitor relies 
on criteria for both a relative increase in steps from 
baseline in addition to the number of steps within 1-h 
blocks, where blocks with lower steps per hour require 
a higher relative increase in steps from baseline, and 
vice versa. For example, a cow with 0 to 49 steps/h 
would require an increase in steps of 180% to be alert-
ed, whereas a cow with 700+ steps/h would require 
an increase of only 135%. The threshold created by 
Rescounter II relied on an increase in steps relative to 
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baseline within 2-h blocks, where an increase in steps of 
180% was considered a suspicious alert and an increase 
of 230% was considered a heat alert; 2 consecutive 
suspicious alerts would also result in a heat alert. The 
AAM were checked once (farm C) or twice (farms A 
and B) daily during milking times for cows in estrus, 
and cows were inseminated either in the morning (farm 
C) or using the a.m./p.m. rule (farms A and B). At 
the time of AI, cows were randomly assigned to receive 
an intramuscular injection of 100 μg of gonadorelin 
(GnRH; Factrel, Zoetis; 2 mL). Randomization of the 
treatment on farm A was carried out by alternating 
between control and GnRH treatments by the chrono-
logical order in which alerts arose. On farms B and 
C, treatments were alternated by calendar day, where 
cows bred on even days of the month received GnRH on 
farm B and were control on farm C, and the opposite 
treatment was given on odd days of the month, respec-
tively. On all farms, allocation of treatment was carried 
out systematically in the manner described, and thus 
knowledge of the intensity of estrus, ovulation timing, 
or other pertinent information about the cow that may 
have biased the treatment was unknown at the time of 
allocation. Implementation of the treatment was car-
ried out by the lead researchers of this manuscript on 
farms A and C, and by farm personnel on farm B. 
Peak activity (see Madureira et al., 2015) was used to 
describe the intensity of the expression of estrus using 
the data from the AAM. Peak activity was defined as 
the maximum activity during an estrus episode.

Determination of Estrus, Ovulation, and Pregnancy

A subset of estrus events (n = 1,498 from 430 cows) 
on farm A were assessed for the occurrence of ovulation 
at 24 h (n = 894), 48 h (n = 1,274), and 7 d (n = 
1,487) post-alert; all estrus events were not assessed at 
all 3 time points. Cows had their ovaries examined by 

ultrasound per rectum (Ibex Pro; E. I. Medical Imag-
ing) using a 7.5-MHz linear-array rectal probe at enroll-
ment and 24 h, 48 h, and 7 d post-alert (farm A only). 
The presence and diameter of the 3 largest follicles and 
corpora lutea were measured using the digital calipers 
of the ultrasound and recorded at each examination. 
Examinations at alerts were used to determine whether 
the cow was truly in estrus; exams at 24 and 48 h were 
used to determine general timing of ovulation; and d-7 
examinations were used to confirm ovulation. Exams for 
ovulation were performed at the milking closest to the 
desired time point, such that 24-h exams occurred 24.0 
± 4.6 h post-alert and 48-h exams 49.8 ± 5.2 post-alert. 
Cows were classified as in estrus if they had at least 1 
dominant preovulatory follicle greater than 15 mm and 
an absence of corpus luteum or a corpus luteum that 
was less than 25 mm at the time of the estrus alert. 
Ovulation was determined by the disappearance of the 
dominant preovulatory follicle. A new corpus luteum at 
d 7 was used to confirm ovulation for true estrus alerts 
where ovulation was detected. For true estrus alerts 
where ovulation was not detected by 48 h post-alert, 
the absence of a new corpus luteum at d 7 was indica-
tive of failed ovulation. For false alerts, the absence of 
a new corpus luteum at d 7 was used to confirm that 
the estrus alert was correctly classified as false. In the 
event that both ovaries had only small structures at 
alert, but a new corpus luteum was formed by 7 d, 
cows were assumed to have ovulated before the first 
examination. Thus, cows with a large corpus luteum 
(>25 mm) at the time of alert as well as cows with an 
absence of both a preovulatory follicle (>15 mm) and 
formation of a new corpus luteum on d 7 were classified 
as false alerts.

Insemination interval was determined for 2 farms 
(farms A and C), as insemination times were consistent 
each day. On farm A, insemination occurred between 
0800 and 1000 h in the morning, and 1600 and 1800 
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Table 1. Cow characteristics [mean ± SD with ranges (minimum–maximum) below, where possible] for all estrus events that were inseminated 
within the study, separated by farm

Estrus characteristic Farm A Farm B Farm C P-value Overall

DIM 113 ± 61 117 ± 50 131 ± 73 <0.001 118 ± 63
(20–293)1 (58–292) (50–417)

Insemination number 2.7 ± 1.9 2.2 ± 1.4 3.0 ± 2.5 <0.001 2.7 ± 2.0
(1–12) (1–9) (1–13)

Lactation 2.7 ± 1.6 1.8 ± 1.1 2.4 ± 1.4 <0.001 2.4 ± 1.5
(1–10) (1–8) (1–7)

BCS2 (% thin) 15.6 15.3 11.3 0.05 14.6
Gait score3 (% lame) 37.9 62.5 65.1 <0.001 48.5
Average 305-d mature-equivalent 
 milk yield (kg of milk)

13,200 ± 2,000 12,900 ± 2,200 11,700 ± 2,000 <0.001 12,750 ± 2,100
(5,430–19,230) (6,350–18,740) (4,570–16,740)

1Events less than the voluntary wait period of 60 DIM were not inseminated and thus not used for pregnancy outcome data.
2Cows with a BCS of <2.75 were considered thin.
3Cows with a gait score of >2 were considered lame.
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h in the afternoon. On farm C, cows were inseminated 
once per day between 0800 and 1200h. To determine 
the insemination interval, standardized times of 0900, 
1500, and 1000 h were used for farm A morning, farm 
A afternoon, and farm C, respectively, and compared 
with the onset of estrus as determined using the AAM 
of each farm.

On all farms, pregnancy diagnosis was performed at 
35 ± 7 d post-AI for the detection of a viable embryo 
(presence of a heartbeat). Diagnosis was carried out by 
the regular herd veterinarian of each farm.

Statistical Analyses

All statistical analyses in this study were carried out 
using SAS Studio (version 5.1; SAS Institute Inc.) with 
estrus episode as the experimental unit. The required 
sample size of 2,080 estrus events was calculated to 
find a difference in pregnancy per AI of 32 versus 42% 
and a required sample size of 944 estrus events to find 
a difference in ovulation rate of 98 versus 91% based 
on Burnett et al. (2018), assuming 95% confidence and 
80% power, including clustered data per cow (2 estrus 
events per cow), confounders (intraclass correlation 
coefficient = 0.3), and the assessment of an interaction 
between the administration of GnRH and the intensity 

of estrous expression (Dohoo et al., 2003; Leon and 
Heo, 2009).

Estrus events deemed false alerts were excluded from 
the analysis. Inseminations were carried out on 87.6% 
(2,301/2,626) of estrus events, and the remaining 12.4% 
were not inseminated due to management reasons (e.g., 
events occurring before the voluntary wait period of 
60 DIM) but used for ovulation data on farm A. Preg-
nancy diagnosis was missing for 2.0% (46/2,301) of 
events, and 6.9% (182/2,626) of events were missing es-
trous expression data due to faults in the AAM. Events 
lacking all outcome variables (pregnancy outcome and 
ovulation data) were removed, thus equating to a total 
of 2,607 estrus events being used in the final analyses 
(farm A: 1,507; farm B: 429; farm C: 671). In total, 
50.0% (1,305/2,607) received the GnRH treatment 
[farm A: 50.4 (760/1,507); farm B: 53.6 (230/429); farm 
C: 46.9% (315/671)]. Numbers of events used in each 
model are indicated in Table 2.

Before all analyses, data were checked for normal-
ity using the UNIVARIATE procedure and probability 
distribution plots. Pregnancy per AI and proportion 
of cows that ovulated by 24 h, 48 h, and 7 d post-
alert were used as dependent variables and were tested 
for the effects of GnRH treatment, estrous expression, 
insemination interval (pregnancy per AI model only), 
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Table 2. Description of final linear mixed regression models in which estrus event was used as the experimental unit and cow within farm as 
the random effect for the outcome variables of pregnancy per AI, ovulation rate, and ovulation by 24 hr, 48 hr, and 7 d post-AI

Outcome  Independent variable P-value n1

Pregnancy per AI (%) GnRH treatment2 0.02 2,044
 Estrous expression3 × GnRH treatment <0.01  
 Farm × GnRH treatment 0.06  
 Milk production4 0.06  
 Insemination number × GnRH treatment 

OR 
Insemination number × Estrous expression5

<0.01  

Pregnancy per AI (%) GnRH treatment × Insemination interval6 × Estrous expression <0.01 1,652
 Insemination number <0.001  
 Milk production 0.14  
Ovulation rate (hazard ratio) Estrous expression × GnRH treatment 0.05 838
 Insemination number <0.01  
Ovulation by 24 h post-alert (%) Estrous expression × GnRH treatment <0.001 791
 Insemination number <0.01  
Ovulation by 48 h post-alert (%) Estrous expression × GnRH treatment 0.01 1,159
 Insemination number 0.01  
Ovulation by 7 d post-alert (%) Estrous expression × GnRH treatment 0.04 1,356
 Insemination number <0.01  
 Insemination number × GnRH treatment 0.02  
1Number of estrus events included within each analysis. Numbers less than enrollment are due to missing data.
2The GnRH treatment group was administered GnRH at the time of AI; the control group was not administered GnRH at AI.
3Estrous expression refers to the maximum change in activity measured by an AAM during estrus. Estrous expression was classified as greater 
or lesser intensity using the median of each farm.
4Milk production was measured as the 305-d mature-equivalent yield in kg.
5Insemination by GnRH treatment and by estrous expression were modeled separately due to collinearity.
6A separate model was used to assess the association of insemination interval and pregnancy due to insemination interval being collected only 
for a subgroup of cows (farms A and C only).
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parity, BCS, GS, DIM, insemination number, and milk 
production via ANOVA with cow nested in farm as a 
random effect, using the GLIMMIX procedure. Each 
estrus event was categorized as having greater- or 
lesser-intensity estrous expression using the median 
peak activity of each farm; categorization by farm was 
carried out to account for different AAM used between 
farms. Cows with more than 1 lactation were classified 
as multiparous, and those with only 1 lactation were 
considered primiparous.

Ovulation rate was calculated as the hazard risk of 
ovulation by 7 d post-estrus using the PHREG pro-
cedure. Cox proportional hazard regression models 
included days in which the cow had not yet ovulated, 
relative to the automated estrus alert, as the outcome 
variable, and treatment, estrous expression, parity, 
BCS, GS, milk production, and insemination number 
were used as explanatory variables. Observations were 
right-censored at 7 d if ovulation was not confirmed 
at any of the post-estrus ultrasound exams. Survival 
curves were drawn from the proportion of cows that 
had not ovulated at each time point, given by the 
LIFETEST procedure.

All multivariable models were constructed using the 
variables as described, and manual backward stepwise 
elimination was used, where variables were retained 
with P ≤ 0.15. Interactions were tested between all 
variables selected in the final model and kept if P < 
0.05. Final models are summarized in Table 2.

RESULTS

Treatment with GnRH at the time of AI increased 
pregnancy per AI (41.3 ± 1.6 vs. 36.7 ± 1.6%; P = 0.02). 
In addition, we noted an interaction between treatment 
and estrous expression on pregnancy per AI. Within 
the control group, cows with greater estrous expression 
had greater pregnancy per AI than those with lesser 
expression, whereas GnRH administration increased 
pregnancy per AI for cows with reduced estrous expres-
sion but not those with greater expression (Figure 1; 
P < 0.01). Despite differences in herd characteristics 
(Table 1), we detected no effect of farm on the inter-
action between estrous expression and treatment. We 
found a tendency for an interaction between farm and 
treatment, where an effect of treatment alone occurred 
for pregnancy per AI on farm B (farm A pregnancy per 
AI: GnRH = 39.7 ± 2.1, control = 37.1 ± 2.2; farm 
B: GnRH = 48.4 ± 3.4, control = 34.3 ± 3.7; farm C: 
GnRH = 35.9 ± 2.8, control = 35.7 ± 2.6%; P = 0.06). 
A tendency was detectable for 305-d mature-equivalent 
milk yield to be associated with pregnancy per AI, 
where every 1,000 kg increase in yield was associated 
with a 1.0% decrease in pregnancy per AI (P = 0.06). 

Pregnancy per AI was not found to be associated with 
parity, DIM, GS, or BCS.

Interactions between insemination number and treat-
ment, as well as insemination number and estrous 
expression, were observed for pregnancy per AI. In gen-
eral, as insemination number increased, pregnancy per 
AI decreased. However, at lower insemination numbers 
postpartum, GnRH administration (Figure 2; P < 0.01) 
and estrous expression (Figure 3; P < 0.001) appeared 
to provide greater benefits than at greater insemination 
numbers postpartum. However, only 10% of events oc-
curred at an insemination number greater than 5. After 
removing these extreme values, we found a tendency 
for the interaction between insemination number and 
estrous expression to be maintained (Figure 3; P = 
0.07), but the interaction between insemination number 
and treatment was no longer observed (Figure 2; P = 
0.34). Hence, the benefit of using GnRH at the time 
of AI was consistent among insemination numbers, at 
least until 5 inseminations postpartum.

A 3-way interaction was observed between GnRH 
treatment, estrous expression, and insemination inter-
val (Figure 4; P < 0.01). Within the control group, 
insemination interval was observed to have a negative 
association with pregnancy per AI for cows with re-
duced estrous expression, but not for cows with greater 
estrous expression. Within the GnRH group, the nega-
tive association of insemination interval for cows with 
reduced estrous expression was dampened.

An interaction between GnRH administration and 
estrous expression was observed for the rate at which 
cows ovulated, where the hazard risk of ovulation was 
greatest for cows with greater estrous expression receiv-
ing GnRH (Figure 5; P = 0.05). The rate of ovulation 
was also associated with insemination number, whereby 
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Figure 1. The influence of GnRH administration at the time of 
AI on pregnancy per AI relative to the intensity of estrous expression 
(LSM ± SE). Lowercase letters a and b denote differences (P < 0.05). 
Greater Intensity = estrous expression greater than the median of each 
farm. Lesser Intensity = estrous expression lesser than the median.

The influence of GnRH administration at the time of 
AI on pregnancy per AI relative to the intensity of estrous expression
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every unit increase in insemination number was associ-
ated with decreased hazard risk of ovulation by 7 d 
post-estrus (hazard ratio = 0.94; P < 0.01). Further-
more, when considering the proportion of cows that 
ovulated by 24 h, 48 h, and 7 d post-estrus, interactions 
between GnRH administration and estrous expression 
were also found. By 24 h post-alert, cows with greater 
estrous expression had lower ovulation rates than those 
with lesser estrous expression among control cows, but 
we detected no differences in the proportion of cows 
in the GnRH treatment that ovulated according to 
estrous expression categories (Figure 6; P < 0.001). By 
48 h (P = 0.01) and 7 d (P = 0.04) post-estrus, cows 
with greater estrous expression receiving GnRH had 
greater ovulation rates than all other groups (Figure 
6). Increasing insemination number was observed to be 
associated with a lower proportion of cows ovulating 
by 24h (P < 0.01), 48 h (P = 0.02), and 7 d (P < 
0.01) post-estrus. Additionally, an interaction between 

GnRH administration and insemination number was 
found on the proportion of cows ovulating by 7 d post-
estrus, where the negative effect of increasing insemina-
tion number on the proportion of cows ovulating by 7 d 
post-estrus was dampened with the use of GnRH at the 
time of AI (Figure 7; P = 0.02). Parity, GS, BCS, DIM, 
and 305-d lactation yield were not associated with dif-
ferences in the proportion of cows that ovulated by 24 
h, 48 h, or 7 d post-alert.

DISCUSSION

This study demonstrated that the outcome of ad-
ministrating GnRH at the time of AI at spontaneous 
estrus events may be reliant on the intensity of estrous 
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Figure 2. The interaction, with 95% CI, of the effect of GnRH 
administration at the time of AI with increasing insemination number 
for the entire study (2,044 events; panel A; P < 0.01) and when only 
including insemination numbers from 1 to 5 postpartum (1,836 events; 
panel B; P = 0.34) on pregnancy per AI of lactating Holstein cows.

Figure 3. The interaction, with 95% CI, of the association of 
estrous expression at increasing insemination number for the entire 
study (2,044 events; panel A; P < 0.001) and when only including 
insemination numbers from 1 to 5 postpartum (1,836 events; panel 
B; P = 0.07) on pregnancy per AI of lactating Holstein cows. Estrous 
expression was defined as greater or lesser relative to the farm median.
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expression. Cows with lesser estrous expression ben-
efited from GnRH administration, whereas cows with 
greater estrous expression did not. To the best of our 
knowledge, the impact of this interaction on pregnancy 
per AI has not previously been reported in dairy cattle. 
A tendency for an overall effect of GnRH treatment 
(irrespective of estrous expression) on pregnancy per 
AI has been reported in previous research (Stevenson 
et al., 1990; López-Gatius et al., 2006). In the pres-
ent study, this association varied by farm, similar to 
a study by Anderson and Malmo (1985), where 2 out 
of the 3 farms failed to show an overall influence of 
GnRH. Interestingly, the interaction of estrous expres-
sion and GnRH administration on pregnancy per AI 
was consistent on all 3 participating farms in the cur-
rent study, even though all farm characteristics were 
not consistent, suggesting that administering GnRH to 
cows with suboptimal estrous expression is a practice 
that can be adopted successfully under varying condi-

tions. A large proportion of cows in this study were clas-
sified as having clinical lameness. This may be linked to 
different aspects of the housing environment found on 
each farm (Solano et al., 2015), or it may be due to the 
sampling of only nonpregnant cows. Lameness has been 
reported to occur more predominantly during early and 
mid-lactation (Green et al., 2002; Bicalho et al., 2008), 
which coincides with the breeding period.

A similar study, using beef cattle and tail chalk, 
found comparable results, where cows with lesser es-
trous expression at the end of a timed AI protocol had 
greater pregnancy per AI when receiving GnRH at AI 
compared with cows not receiving GnRH (Rodrigues 
et al., 2019). In concordance with our study, a meta-
analysis of 40 trials, including over 19,000 cows, found 
an overall positive impact of GnRH application at the 
time of AI (Morgan and Lean, 1993). Those authors 
argued that the variation noted in many of the included 
studies was due in large part to small samples sizes, but 
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Figure 4. The interaction, with 95% CI, of insemination interval (h) with estrous expression on pregnancy per AI for cows administered 
GnRH at the time of insemination and cow within the control group (n = 1,652; P < 0.01). Insemination interval was determined as the time 
between the estrus alert of the automated activity monitor and insemination time. Estrous expression was defined as greater or lesser relative 
to the farm median.
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we suggest that some of the variability may be due to 
differences in estrous expression.

Our original hypothesis that GnRH administration 
would increase fertility of cows with reduced estrous ex-
pression through increased ovulation and corpus luteum 
function was not supported by our findings. Although 
we observed differences in the proportion of cows that 
had ovulated by 24 h, 48 h, and 7 d post-estrus, the 
overall rate of ovulation was increased by the admin-
istration of GnRH only in cows with greater estrous 
expression. Interestingly, this increase in ovulation 
success was not coupled with increased pregnancy per 
AI. In fact, the group with greater relative increase in 
pregnancy per AI (cows with lesser estrous expression), 
had no changes in ovulation associated with GnRH.

The influence of GnRH on ovulation rates of cystic 
cows (Bierschwal et al., 1975; Ijaz et al., 1987; Nanda 
et al., 1988), during synchronization protocols (Bello et 
al., 2006; Galvão and Santos, 2010) and as a treatment 
to induce cyclicity in the early postpartum (Gümen and 
Seguin, 2003; Bittar et al., 2014), has been thoroughly 
researched. However, few studies have reported the ef-
fects of GnRH at AI on the ovulation rates of sponta-
neous estrus events. Similar to the current study, but 
using an estradiol-based timed AI protocol, Rodrigues 
et al. (2019) reported that the proportion of cows that 

had ovulated by 7 d post-AI was unchanged by GnRH 
administration at AI among cows with lesser estrous 
expression. However, in contrast with the current study, 
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Figure 5. Survival curve analysis for ovulation for the interaction 
between GnRH administration at the time of AI and estrous expres-
sion as measured using automated activity monitors using 838 estrus 
events from lactating Holstein cows (P = 0.05). Greater Intensity = es-
trous expression greater than the median of each farm. Lesser Intensity 
= estrous expression lesser than the median.

Figure 6. The effect of GnRH administration at the time of AI on 
ovulation rates by 24 h (A), 48 h (B), and 7 d post-alert (C) relative 
to the intensity of estrous expression as measured using an automated 
activity monitor (LSM ± SE). Lowercase letters a and b denote sig-
nificant differences (P < 0.05); w and x, and y and z denote tendencies 
(0.05 < P < 0.10). Greater Intensity = estrous expression greater than 
the median of each farm. Lesser Intensity = estrous expression lesser 
than the median.
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they found that cows with greater estrous expression 
and without the use of GnRH had greater ovulation 
rates than cows with lesser estrous expression irrespec-
tive of GnRH treatment. Additionally, the administra-
tion of buserelin, a GnRH analog, at the time of AI has 
also been reported not to affect the interval from the 
onset of estrus to ovulation (Ryan et al., 1994). The 
administration of GnRH is a direct link to ovulation 
due to its effects on LH secretion and pulse frequency 
(Bloch et al., 2006). Administration of GnRH at the 
onset of estrus in previous studies was found to increase 
the intensity (both the amplitude and the area under 
the curve) of the preovulatory LH surge and shorten 
the interval from the onset of estrus to the LH surge 
and subsequently ovulation (Kaim et al., 2003). In fact, 
in that study, the administration of GnRH at estrus 

caused a dramatic reduction in the proportion of cows 
that ovulated more than 30 h after the onset of estrus, 
thus shortening the ovulation interval and reducing 
ovulation failure. Lee et al. (1985) reported that cows 
receiving GnRH at first postpartum AI, instead of at 
onset of estrus, had increased concentrations of LH in 
the hours following administration, in addition to the 
naturally occurring LH surge occurring around the on-
set of estrus; unfortunately, Lee and colleagues did not 
monitor ovulation rates.

Circulating concentrations of progesterone and estra-
diol have been shown to affect the intensity and timing 
of a GnRH-induced LH surge (Stevenson and Pulley, 
2016). Cows with increased concentrations of circulating 
progesterone or decreased concentrations of estradiol at 
the time of GnRH injection had reduced LH surges and 
ovulation rates (Stevenson and Pulley, 2016). Addition-
ally, the time from GnRH injection during a timed AI 
protocol to the peak concentrations of LH was increased 
in cows with low progesterone compared with those 
with high progesterone (Stevenson and Pulley, 2016). 
Because cows with greater estrous expression have been 
suggested to have lower progesterone at the time of AI, 
these results may be similar to those demonstrated by 
Burnett et al. (2018), where cows with reduced estrous 
expression had lower ovulation rates, but those that 
did ovulate had shorter ovulation intervals from the 
onset of estrus. These associations may help explain 
why GnRH administration modulated the proportion 
of cows that had ovulated by 24 h, 48 h, and 7 d post-
estrus differently among cows with varying intensities 
of estrous expression. Future research is warranted to 
determine the relationship between estrous expression, 
ovulation, and GnRH administration.

It has been reported that the administration of GnRH 
or GnRH analogs are more beneficial on repeat breeders 
than with the first AI postpartum (see meta-analysis 
by Morgan and Lean, 1993). However, the majority of 
work discussing the influence of GnRH administration 
at different service numbers fails to directly compare 
the interaction of service number with GnRH treat-
ment. Instead, most focus on magnitude changes in 
conception at each service or use only one population 
of service number (e.g., only repeat breeders) and then 
compare their results to previously published works. 
Although the current study did find GnRH to have 
less effect with higher services, this may be driven by 
a lower number of cows being inseminated more than 
5 inseminations. Removing more extreme insemina-
tions, we found that GnRH was consistently associ-
ated with an increase in pregnancy per AI irrespective 
of insemination number. These results are similar to 
those of Lewis et al. (1990) and Anderson and Malmo 
(1985), who found no effects of GnRH administration 
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Figure 7. The interaction, with 95% CI, of the administration of 
GnRH at AI with insemination number on the proportion of cows ovu-
lating by 7 d post-estrus for the entire study (n = 1,339 estrus events; 
P = 0.02; A) and when including only insemination number 1 to 5 
postpartum (1,233 estrus events; P = 0.16; B).
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on pregnancy per AI at first, second, or third service. In 
contrast, Ryan et al. (1991) reported that administra-
tion of a GnRH analog was most beneficial at 40 to 59 
DIM compared with other insemination time points. 
In Australian herds managed with seasonal calving, 
GnRH at AI was reported to increase conception risk, 
but only in cows bred at less than 40 DIM (Shephard et 
al., 2014), considerably earlier than the voluntary wait 
period used in our study.

CONCLUSIONS

This study demonstrates that administration of 
GnRH at the time of AI improved pregnancy per AI, 
particularly for cows with lesser estrous expression. Ad-
ministration of GnRH altered the proportion of cows 
that ovulated by 24 and 48 h and 7 d post-AI, where 
only cows with greater estrous expression benefited 
from receiving GnRH; these changes in ovulation were 
not correlated with an increase in fertility. Beneficial 
effects of GnRH for cows with lesser estrous expression 
was consistent within farm, suggesting that administer-
ing GnRH to cows with suboptimal estrous expression 
is a practice that can be adopted successfully under 
varying conditions. Future research is warranted to 
determine the mechanism responsible for the beneficial 
relationship between estrous expression and GnRH 
administration on the fertility of lactating dairy cows.
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