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ABSTRACT

This study assessed the extent of reproductive losses 
and associated genetic parameters in dairy cattle, us-
ing in-line milk progesterone records for 14 Swedish 
herds collected by DeLaval’s Herd Navigator. A total of 
330,071 progesterone samples were linked to 10,219 in-
seminations (AI) from 5,238 lactations in 1,457 Swedish 
Red and 1,847 Swedish Holstein cows. Pregnancy loss 
traits were defined as early embryonic loss (1–24 d after 
AI), late embryonic loss (25–41 d after AI), fetal loss 
(42 d after AI until calving), and total pregnancy loss 
(from d 1 after AI until calving). The following classical 
fertility traits were also analyzed: interval from calving 
to first service, interval from calving to last service, 
interval between first and last service, calving inter-
val, and number of inseminations per service period. 
Least squares means with standard error (LSM ± SE), 
heritabilities, and genetic correlations were estimated 
in a mixed linear model. Fixed effects included breed, 
parity (1, 2, ≥3), estrus cycle number when the AI 
took place, and a linear regression on 305-d milk yield. 
Herd by year and season of AI, cow, and permanent 
environmental effect were considered random effects. 
Extensive (approximately 45%) early embryonic loss 
was found, but with no difference between the breeds. 
Swedish Red was superior to Swedish Holstein in the 
remaining pregnancy loss traits with, respectively: late 
embryonic loss of 6.1 ± 1.2% compared with 13.3 ± 
1.1%, fetal loss of 7.0 ± 1.2% compared with 12.3 ± 
1.2%, and total pregnancy loss of 54.4 ± 1.4% com-
pared with 60.6 ± 1.4%. Swedish Red also had shorter 
calving to first service and calving to last service than 
Swedish Holstein. Estimated heritability was 0.03, 0.06, 
and 0.02 for early embryonic, late embryonic, and total 
pregnancy loss, respectively. Milk yield was moderately 

genetically correlated with both early and late embry-
onic loss (0.52 and 0.39, respectively). The pregnancy 
loss traits were also correlated with several classical 
fertility traits (−0.46 to 0.92). In conclusion, Swed-
ish Red cows had lower reproductive loss during late 
embryonic stage, fetal stage, and in total, and better 
fertility than Swedish Holstein cows. The heritability 
estimates for pregnancy loss traits were of the same 
order of magnitude as previously reported for classical 
fertility traits. These findings could be valuable in work 
to determine genetic variation in reproductive loss and 
its potential usefulness as an alternative fertility trait 
to be considered in genetic or genomic evaluations.
Key words: progesterone, pregnancy loss, heritability, 
genetic correlation

INTRODUCTION

Low fertility in dairy cattle manifests itself as a long 
AI period requiring additional inseminations per suc-
cessful pregnancy, indicating substantial reproductive 
losses and resulting in a long calving interval (Tenghe 
et al., 2015; Nyman et al., 2018). Consequently, im-
paired fertility is one of the main reasons for culling 
in Swedish dairy herds, accounting for approximately 
18% of cows culled in 2019 (Växa Sverige, 2020). This 
has major economic consequences for the herd owner 
(Santos et al., 2004; Diskin et al., 2012).

Different approaches have been suggested to predict 
reproductive loss in cattle. Ultrasonography, palpation, 
and analysis of substances associated with pregnancy 
found in blood and milk (e.g., progesterone, P4) are 
predominantly used today (Bruinjé and Ambrose, 2019; 
Ealy and Seekford, 2019). A more precise diagnosis 
of reproductive status can be obtained with higher 
sampling frequency (Blavy et al., 2018; Bruinjé and 
Ambrose, 2019). Milk samples are preferable, because 
the methodology is noninvasive and does not require 
additional handling of live animals, which is laborious 
and time-consuming (Bruinjé and Ambrose, 2019).
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The Herd Navigator system (HN; DeLaval Interna-
tional, Tumba, Sweden) is a management tool designed 
to monitor reproduction and health status in dairy 
herds. It automatically samples and analyzes (in-line) 
milk P4 at certain time intervals based on a biomodel 
described by Friggens and Chagunda (2005) (DeLaval 
International, 2011; Bruinjé et al., 2017; Bruinjé and 
Ambrose, 2019). The system minimizes the effect of 
the environment and management decisions by alerting 
the herd owner to key elements in production, such as 
resumption of cyclicity after calving, estrus detection, 
optimal time for insemination, likelihood of conception, 
and reproductive issues (DeLaval International, 2011; 
Bruinjé et al., 2017).

Previous studies have mainly focused on how in-
line P4 records can be used to assess and improve the 
resumption of normal cyclicity after calving, and if 
endocrine fertility traits derived from P4 can be used 
in addition to, or instead of, classical fertility traits to 
genetically improve this aspect of dairy cattle fertility 
(e.g., Tenghe et al., 2015, 2018; Tarekegn et al., 2019). 
Because sampling continues for approximately 60 d 
after the last recorded insemination in HN, the system 
also offers an opportunity to estimate early reproduc-
tive losses.

Various definitions of reproductive loss can be found 
in the literature. Most follow the categories established 
by the Committee on Bovine Reproductive Nomencla-
ture (1972) to standardize reproductive losses, where 
embryonic loss is pregnancy loss from 1 d until ap-
proximately 45 d after insemination and fetal loss is 
loss from approximately 45 d after insemination until 
expected calving. Embryonic losses are further subdi-
vided into early or late, where pregnancy loss during 
the first 24 d after insemination is considered early, 
and loss between 25 and 42 to 50 d is considered late 
embryonic loss (e.g., Santos et al., 2004). Several stud-
ies have reported an effect of parity but, on average, 30 
to 50% of inseminations end in early embryonic loss, 10 
to 15% in late embryonic loss, and around 10% in fetal 
loss (Bruinjé et al., 2017; Nyman et al., 2018). Previous 
studies have also reported differences in reproductive 
outcome depending on the P4 concentration before, 
during, and after insemination (Båge et al., 2002; Båge, 
2003).

To the best of our knowledge, reproductive losses 
based on P4 have only been analyzed previously using 
manually sampled P4 data (Nyman et al., 2018) or HN 
data on small sample sizes (Bruinjé et al., 2017; van 
Binsbergen et al., 2019). Furthermore, few estimates 
of genetic parameters for reproductive loss based on 
P4 data have been reported. If genetic variation exists 
in these traits, this information could prove useful in 

routine genetic evaluation to improve fertility and re-
duce reproductive losses in dairy cattle. Therefore, the 
aim of this study was to use in-line milk P4 records to 
assess the extent of reproductive losses and to estimate 
genetic parameters for pregnancy loss traits in Swedish 
Red (SR) and Swedish Holstein (SH) cows.

MATERIALS AND METHODS

In-line milk P4 and milk yield (MY) records for 14 
Swedish HN herds in the period 2015 to 2019 were ob-
tained. The HN system automatically samples and ana-
lyzes milk P4 at frequencies specified by the system’s 
biomodel, which is based on calculations by Friggens 
and Chagunda (2005). The biomodel is described in 
detail by Bruinjé et al. (2017, 2019) and validated by 
Bruinjé and Ambrose (2019). In total, our data set cov-
ered 407,794 P4 samples collected from 5,944 lactations 
in 1,468 SR and 1,876 SH cows. Pedigree, calving, in-
semination, culling, and disease data for the cows were 
extracted from the Swedish cow database maintained 
by Växa Sverige (Stockholm, Sweden).

Filtering Criteria

The P4 data were linearly interpolated to estimate 
the beginning and end of each estrus cycle, where a P4 
concentration above 5 ng/mL was used to define luteal 
activity. At least 2 consecutive P4 records above the 
threshold for luteal activity, a luteal phase length of at 
least 4 d, and an interovulatory interval greater than 4 
d were required in each estrus cycle.

The HN system is sometimes used to confirm the re-
productive status of cows without a full sampling series 
during the lactation, and therefore a minimum of 10 P4 
samples was required per lactation. Furthermore, the 
first sample had to be taken by 25 DIM and the last 
sample after 60 DIM. The cow also had to commence 
luteal activity by 60 DIM, excluding 19 lactations from 
the analysis. The mean P4 sampling duration was 136 
± 73 d (mean ± SD), with milk samples taken every 2 
± 4 d during the lactation. On average per cow, 43 ± 
26 P4 samples (mean ± SD) were taken during the AI 
period.

Insemination data were corrected for double insemi-
nations (i.e., if the cow was re-inseminated within 6 d 
from the first insemination, the later record was used), 
resulting in exclusion of 511 insemination events. Each 
insemination was aligned with the P4 records, and only 
1 insemination was accepted per cycle. A maximum of 
7 inseminations over a period of 147 d was permitted 
during the first 9 estrus cycles. The final data set is 
summarized in Table 1.
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Trait Definitions

Pregnancy loss traits were defined based on the P4 
profiles, where an insemination was considered unsuc-
cessful if a cow presented at least 2 consecutive P4 
samples below the threshold of luteal activity during 
gestation. The losses were categorized as early embry-
onic loss (1–24 d after insemination), late embryonic 
loss (25–41 d after insemination), fetal loss (42 d after 
insemination until calving), and total pregnancy loss (d 
1 after insemination until calving). Fertilization failures 
(defined by either absence of onset of luteal phase, or 
onset of luteal phase followed by P4 concentrations 
below the threshold value for luteal activity at some 
time between 1 and 14 d after insemination) were also 
included as total pregnancy loss, because these events 
still represent failure of an insemination, although not a 
pregnancy loss per se. Overall, 413 (~4%) of insemina-
tions were unsuccessful due to fertility failure, in 144 
SR and 269 SH cows. The result of each insemination 
was confirmed using new insemination events, disease, 
culling, and calving data, and 319 insemination records 
lacking such information were removed. If a cow was 
culled due to reproductive failure during gestation, the 
pregnancy outcome was included in all pregnancy loss 
traits. However, if a cow was culled due to nonfertility- 
related causes, the result was included under the re-
spective pregnancy loss trait associated with the given 
time of culling but not included in the total pregnancy 
loss. Within the whole data set, 269 cows were culled, 
70 due to fertility failures and 199 due to other causes.

The P4 concentrations in 5 time intervals after in-
semination were also analyzed. The records with the 
highest P4 value at 10 d (interval 7–13 d after insemi-
nation), 20 d (interval 17–23 d after insemination), 30 
d (interval 27–33 d after insemination), 40 d (interval 
37–43 d after insemination), and 50 d (interval 47–53 d 
after insemination) were used.

The classical fertility traits included were interval 
from calving to first service (CFS), interval from calv-

ing to last service (CLS), interval between first and 
last service (FLS), calving interval (CIN), and number 
of inseminations per series (NINS). Thresholds were 
imposed on these traits to handle outliers (mean ± 
2SD), where CFS between 20 and 140 d, CLS between 
21 and 217, and FLS of maximum 147 d were allowed, 
whereas CIN greater than 495 d was excluded. Last, 
MY from the first 305 DIM was analyzed in connection 
with pregnancy losses, with a minimum threshold of 
3,358 kg milk (mean − 2SD). Mean MY in the Swedish 
HN herds during 2015 to 2019 was 8,352 ± 2,485 kg 
per lactation in SR and 9,316 ± 2,721 kg per lactation 
in SH. The national average MY in 2019 was 9,910 kg 
per lactation and 10,790 kg per lactation in SR and SH, 
respectively (Växa Sverige, 2020).

Statistical Analysis

Data were analyzed using mixed linear models in SAS 
(version 9.4, SAS Institute Inc., Cary, NC) to estimate 
least squares means. Model 1 (Equation 1) was used for 
pregnancy loss traits and P4 concentrations at certain 
time points with 1 observation per insemination, and 
Model 2 (Equation 2) was used for classical fertility 
traits with 1 observation per lactation. Classical fertil-
ity traits were (natural) log-transformed. Heritabilities 
were estimated based on the variance components 
estimates from univariate animal models in the DMU 
software (Madsen and Jensen, 2013) with Model 3 
(Equation 3), and the standard errors were computed 
based on Taylor series of approximation (Madsen and 
Jensen, 2013; McKinnon Edwards, 2017). Genetic cor-
relations between traits were estimated using bivariate 
repeatability models. Model 3 was used for pregnancy 
loss traits, but MY was modeled without the linear 
regression on 305-d MY, and the classical fertility traits 
were analyzed without the effect of cycle. Correlations 
<0.4 were considered weak, 0.4 to 0.7 moderate, and 
>0.7 strong. The models were as follows:

 yijklm = µ + Bi + Pj + Ek + b1MY + hysl + cm + eijklm,  

  [1]

 yijlm = µ + Bi + Pj + b1MY + hysl + cm + eijlm, [2]

 yijkln = µ + Bi + Pj + Ek + b1MY + hysl   

 + an + pen + eijkln, [3]

where y is the trait analyzed; µ is overall mean; Bi is 
the fixed effect of the ith breed (SR or SH); Pj is the 
fixed effect of the jth parity (lactations grouped as 1, 2, 
and ≥3); Ek is the fixed effect of the kth estrus cycle 
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Table 1. Number of progesterone (P4, ng/mL) samples, inseminations, 
lactations, and individual Swedish Red (SR) and Swedish Holstein 
(SH) dairy cows for which data were available in this study

Item SR and SH SR SH

P4 records 330,071 131,004 199,067
Inseminations 10,219 4,399 5,820
 1st parity 3,669 1,620 2,049
 2nd parity 3,054 1,286 1,768
 ≥3rd parity 3,496 1,493 2,003
Parity 5,238 2,386 2,852
 1 1,903 853 1,050
 2 1,542 705 837
 ≥3 1,793 828 965
Cows 3,304 1,457 1,847
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number when the insemination took place (k = 1–9); 
b1MY is the fixed linear regression on 305-d MY with 
coefficient b1; hysl is the random effect of herd by in-
semination year and season [with 14 herds, 5 years 
(2015, 2016, 2017, 2018, and 2019) and 4 seasons (De-
cember to February, March to May, June to August, 
September to November)], and ~ ,N hys0 I, σ2( )  where I is 

an identity matrix and σhys
2  is the random herd-year-

season variance); cm is the random effect of cow m [cm 
~ ,N c0 I, σ2( )  where σc

2  is the variance of the cow]; and 

e is a random error term [e ~ ,N e0 I, σ2( )  where σe
2  is 

residual variance]. Model 3 also included the random 
genetic effect of animal n [an ~ ,N a0 A, σ2( )  where A is 

the additive genetic relationship matrix and σa
2  is the 

additive genetic variance]; and the permanent environ-
mental effect of animal n to account for repeated in-
seminations within lactation [pen ~ ,N pe0 I, σ2( )  where 

σpe
2  is the permanent environmental variance]. Model 3 

was used across both breeds and within each breed 
separately (ignoring the breed effect in the model).

RESULTS

Of the total of 10,219 inseminations used in the 
analysis, 60.8% led to a reproductive loss (Table 2). 
The conception rate [calculated by: (no. pregnancies × 
100)/no. AI)] was 48.7% at 24 d after AI, 42.8% at 41 
d after AI, and 38.4% in total. SH had the highest level 
of pregnancy losses, regardless of category.

Approximately 45% of all pregnancies led to early 
embryonic loss, but there was no difference between 
the breeds (P = 0.47; Table 3). SR cows differed from 
SH in terms of the remaining pregnancy loss traits. The 
largest difference was observed in late embryonic loss, 
which was more than twice as high for SH (13.3%) than 
for SR (6.1%).

Primiparous cows were significantly different from 
multiparous cows in fetal loss (P < 0.001), with the 
most pronounced difference being 4.5% of pregnancies 
lost in primiparous cows compared with 13.3% in cows 
in parity ≥3. Total pregnancy loss was also less exten-
sive in primiparous cows than in cows in both second 
parity (P = 0.002) and parity ≥3 (P < 0.001). How-
ever, there were no significant differences (P > 0.05) 
between parities in early or late embryonic loss, and no 
significant differences between later parities in fetal loss 
(P = 0.062) or total pregnancy loss (P = 0.307).

There were significant differences between the breeds 
in CFS (76 ± 0.8 d in SR, 80 ± 0.7 d in SH; P < 
0.001), and CLS (137 ± 0.9 d in SR, 140 ± 0.8 d in 
SH; P < 0.001). The CIN was 414 ± 1.2 d in SR and 
416 ± 1.2 d in SH. The FLS was 61 d and NINS was 
approximately 2.9 in both breeds. The CFS, CLS, and 
CIN were significantly longer in third and later parities 
than in parity 1 or 2 (P < 0.02).

There was a significant association between P4 con-
centration and pregnancy outcome for most of the time 
intervals studied during gestation (Table 4). The P4 
concentrations from around 10 and 20 d after AI were 
the only records without an effect on the pregnancy 
outcome (from 42 d to calving; P = 0.57 and P = 

Ask-Gullstrand et al.: GENETIC PARAMETERS OF REPRODUCTIVE LOSS

Table 2. Number of inseminations (percentage in parentheses) 
resulting in reproductive losses in 1,457 Swedish Red (SR) and 1,847 
Swedish Holstein (SH) cows, based on in-line milk progesterone 
samples (ng/mL)

Trait1 SR and SH SR SH

EEL 4,827 (49.2) 2,026 (47.6) 2,801 (50.5)
LEL 606 (12.2) 174 (7.8) 432 (15.7)
FL 448 (10.2) 178 (8.7) 270 (11.7)
TPL 6,095 (60.8) 2,442 (56.5) 3,653 (64.1)
1EEL = early embryonic loss, 1–24 d after AI, fertility failures ex-
cluded; LEL = late embryonic loss, 25–41 d after AI; FL = fetal loss, 
42 d after AI until calving; TPL = total pregnancy loss, 1 d after AI 
until calving, excluding 199 inseminations from cows culled due to 
non-fertility-related causes.

Table 3. Least squares means (%) ± standard error of pregnancy loss traits estimated from in-line milk 
progesterone concentrations (ng/mL) in Swedish Red (SR) and Swedish Holstein (SH) cows1

Effect No. of cows EEL LEL FL TPL

Breed      
 SR 1,457 43.4 ± 1.5a 6.1 ± 1.2a 7.0 ± 1.2a 54.4 ± 1.4a

 SH 1,847 44.8 ± 1.5a 13.3 ± 1.1b 12.3 ± 1.2b 60.6 ± 1.4b

Parity      
 1 1,903 43.9 ± 1.5a 8.5 ± 1.2a 4.5 ± 1.2a 54.6 ± 1.4a

 2 1,542 44.0 ± 1.6a 10.3 ± 1.3a 11.2 ± 1.3b 58.3 ± 1.5b

 ≥3 1,793 44.5 ± 1.6a 10.3 ± 1.3a 13.3 ± 1.3b 59.5 ± 1.5b

a,bEstimates with different superscripts within a column are significantly different (P ≤ 0.05).
1EEL = early embryonic loss, 1–24 d after AI; LEL = late embryonic loss, 25–41 d after AI; FL = fetal loss, 
42 d after AI until calving; TPL = total pregnancy loss, 1 d after AI until calving.
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0.33, respectively). Breed-wise comparisons showed 
several differences in the pregnancy outcome between 
SR and SH depending on the P4 concentration during 
gestation, especially during the first few weeks after 
insemination (Table 5).

Estimated heritability of the pregnancy loss traits 
ranged from 0.01 to 0.07 (Table 6). The highest heri-
tability estimate for SR was for early embryonic loss 
(0.04), whereas for SH it was late embryonic loss (0.07). 
A heritability of 0.00 was estimated for fetal loss in 
the total data set and in SR cows. The heritability for 
CFS, CLS, FLS, NINS, and CIN was estimated at 0.04, 
0.01, 0.02, 0.03, and 0.02, respectively. Standard error 

ranged from 0.01 to 0.03 for both pregnancy loss and 
classical fertility traits.

Early embryonic loss had a strong genetic correla-
tion with FLS, and a moderate correlation with MY, 
CFS, CLS, and CIN (Table 7). Late embryonic loss was 
strongly correlated with both CLS and CIN, moderately 
correlated with FLS and NINS, and weakly correlated 
with MY and CFS. The standard error ranged from 
0.12 to 0.38. Residual correlation between embryonic 
loss traits, MY, and CFS was around zero. The other 
traits showed weak positive residual correlations with 
embryonic loss. These results indicate that the model 
used in the analysis was able to describe most of the 
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Table 4. Least squares means (%) ± SE for progesterone concentrations (ng/mL) in Swedish dairy cattle at 
10, 20, 30, 40, and 50 d after insemination, which was used to predict reproductive status on 4 occasions after 
insemination, in pregnant cows and cows with pregnancy loss (nonpregnant)1

Interval  Result 1–24 d 25–41 d 42 d–calving 1 d–calving

d 10  Nonpregnant 18.9 ± 0.19a 18.8 ± 0.29a 19.7 ± 0.32a 18.0 ± 0.20a

  Pregnant 19.7 ± 0.18b 20.0 ± 0.20b 19.9 ± 0.21a 19.7 ± 0.20b

d 20  Nonpregnant 20.2 ± 0.18a 25.8 ± 0.11a 26.3 ± 0.11a 20.5 ± 0.19a

  Pregnant 26.2 ± 0.18b 26.4 ± 0.07b 26.4 ± 0.07a 26.3 ± 0.19b

d 30  Nonpregnant  14.8 ± 0.22a 26.0 ± 0.10a 15.1 ± 0.21a

  Pregnant  26.1 ± 0.14b 26.3 ± 0.06b 26.3 ± 0.21b

d 40  Nonpregnant  15.6 ± 0.22a 25.0 ± 0.16a 22.3 ± 0.18a

  Pregnant  25.5 ± 0.14b 25.4 ± 0.09b 25.3 ± 0.18b

d 50  Nonpregnant   19.0 ± 0.24a 18.0 ± 0.25a

  Pregnant   25.6 ± 0.14b 25.8 ± 0.25b

a,bEstimates with different superscripts within a column are significantly different (P ≤ 0.05).
11–24 d = indicative of early embryonic loss during the first 24 d after AI; 25–41 d = indicative of late em-
bryonic loss during 25–41 d after AI; 42 d–calving = indicative of fetal loss from 42 d after AI until calving; 
1 d–calving = indicative of reproductive loss during the gestation period.

Table 5. Least squares means (%) ± standard error for progesterone concentrations (ng/mL) in Swedish Red (SR) and Swedish Holstein (SH) 
cows at 10, 20, 30, 40, and 50 d after insemination, which was used to predict reproductive status on 4 occasions after insemination, in pregnant 
cows and cows with pregnancy loss (nonpregnant)

Interval  Result  Breed 1–24d1 25–41d 42d-calving 1d-calving

10  Nonpregnant  SR 19.5 ± 0.22a 19.7 ± 0.45a 20.2 ± 0.46a 18.8 ± 0.23a

    SH 18.2 ± 0.21b 18.1 ± 0.33b 19.2 ± 0.38a 17.2 ± 0.22b

  Pregnant  SR 20.2 ± 0.21a 20.5 ± 0.23a 20.4 ± 0.24a 20.2 ± 0.24a

    SH 19.1 ± 0.21b 19.5 ± 0.23b 19.4 ± 0.24b 19.2 ± 0.23b

20  Nonpregnant  SR 18.6 ± 0.22a 25.9 ± 0.17a 26.3 ± 0.16a 19.1 ± 0.22a

    SH 21.5 ± 0.20b 25.7 ± 0.12a 26.2 ± 0.13a 21.6 ± 0.21b

  Pregnant  SR 26.6 ± 0.21a 26.4 ± 0.08a 26.4 ± 0.08a 26.6 ± 0.23a

    SH 26.0 ± 0.20b 26.3 ± 0.08a 26.3 ± 0.08a 26.1 ± 0.22b

30  Nonpregnant  SR  16.0 ± 0.35a 26.3 ± 0.15a 16.6 ± 0.25a

    SH  14.2 ± 0.25b 25.8 ± 0.13b 13.8 ± 0.23b

  Pregnant  SR  26.1 ± 0.16a 26.4 ± 0.07a 26.3 ± 0.25a

    SH  26.1 ± 0.16a 26.3 ± 0.07a 26.2 ± 0.25a

40  Nonpregnant  SR  15.6 ± 0.35a 24.6 ± 0.23a 22.1 ± 0.22a

    SH  15.5 ± 0.25a 25.1 ± 0.19a 22.4 ± 0.20a

  Pregnant  SR  25.6 ± 0.16a 25.5 ± 0.10a 25.5 ± 0.22a

    SH  25.4 ± 0.16a 25.3 ± 0.10b 25.2 ± 0.21a

50  Nonpregnant  SR   18.5 ± 0.35a 18.4 ± 0.29a

    SH   19.1 ± 0.28a 17.6 ± 0.27a

  Pregnant  SR   25.7 ± 0.16a 25.9 ± 0.30a

    SH   25.5 ± 0.15a 25.7 ± 0.29b

a,bEstimates with different superscripts within a column are significantly different (P ≤ 0.05).
11–24d = indicative of early embryonic loss during the first 24 d after AI; 25–41d = indicative of late embryonic loss during 25–41d after AI; 
42d–calving = indicative of fetal loss from 42 d after AI until calving; 1d–calving = indicative of reproductive loss during the gestation period.



3236

Journal of Dairy Science Vol. 104 No. 3, 2021

genetic and environmental components of the correla-
tions.

DISCUSSION

Impaired fertility is a major concern in the dairy 
industry. One crucial aspect of fertility is the outcome 
of pregnancy, and reports of low calving rates indicate 
high reproductive loss during gestation. It is therefore 
important to determine genetic variation in reproduc-
tive loss and genetically improve the ability to main-
tain pregnancy to full term, thus increasing favorable 
pregnancy outcomes. In this study, we evaluated the 
extent of reproductive loss traits and estimated genetic 
parameters for these using automatically sampled milk 
P4 records for Swedish dairy cows in 14 herds. This is 
the first study to use information on reproductive loss 
during gestation obtained from a large number of ani-
mals of the 2 most common dairy breeds kept in Swed-
ish conditions, which also permitted genetic analysis of 
the data set.

Genetic Parameters of Pregnancy Loss Traits

The heritability estimates for pregnancy loss traits in 
this study were of the same order of magnitude as pre-
viously reported for classical fertility traits (0.01–0.07, 

Muuttoranta et al., 2019; NAV, 2020). Estimates of 
genetic parameters for pregnancy loss traits are scarce 
in the literature, indicating a need for further research. 
To the best of our knowledge, only van Binsbergen et 
al. (2019) have reported estimates for a trait related 
to reproductive losses derived from P4 data. They es-
timated the heritability for late embryonic loss to be 
0.04 (±0.04), which is comparable to our own results. 
The low estimates obtained in this study was probably 
mainly due to large environmental variance in preg-
nancy loss traits.

Bamber et al. (2009) reported an estimated heritabil-
ity of 0.16 (±0.11) for late embryonic loss, but their 
trait was based on pregnancy diagnosis using ultra-
sound examinations and not on P4 profile recordings. 
Their estimate is relatively high for a fertility trait, 
but is associated with a larger standard error, indicat-
ing lower precision. Further, they speculated that their 
results could be due to data recording on few cows in 
controlled environments by skilled technicians, and 
that field data would likely yield much lower estimates 
(Bamber et al., 2009).

Other studies have also used ultrasound diagnos-
tics; for example, Carthy et al. (2015, 2016) estimated 
heritability to be 0.02 for reproductive loss from 21 
d after AI until end of gestation. This is comparable 
with our heritability estimates for fetal loss in SH cows 
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Table 6. Estimated heritability (h2), SE, and additive genetic variance σa
2( )  of pregnancy loss traits in 

Swedish Red (SR) and Swedish Holstein (SH) dairy cows

Trait1

SR and SH

 

SR

 

SH

h2 SE σa
2 h2 SE σa

2 h2 SE σa
2

EEL 0.03 0.01 0.007  0.04 0.02 0.01  0.02 0.02 0.006
LEL 0.06 0.02 0.007  0.03 0.03 0.002  0.07 0.03 0.009
FL 0.00 0.02 0.00  0.00 0.02 0.00  0.02 0.02 0.002
TPL 0.02 0.01 0.004  0.03 0.02 0.007  0.01 0.01 0.001
1EEL = early embryonic loss, 1–24 d after AI; LEL = late embryonic loss, 25–41 d after AI; FL = fetal loss, 
42 d after AI until calving; TPL = total pregnancy loss, 1 d after AI until calving.

Table 7. Estimated genetic (rg) and residual (re) correlation, with standard error (subscript), between 
pregnancy loss traits, milk yield, and classical fertility traits in Swedish Red and Swedish Holstein cows1

Trait2 MY CFS CLS FLS CIN NINS3

rg       
 EEL 0.520.20 −0.460.28 0.450.29 0.850.16 0.430.38 NC
 LEL 0.390.19 0.350.28 0.920.15 0.510.32 0.910.12 0.520.30
re       
 EEL −0.020.01 0.000.01 0.380.01 0.400.01 0.380.01 NC
 LEL −0.010.02 0.030.02 0.380.01 0.320.02 0.480.02 0.360.02

1MY = milk yield from 305-d lactation, kg; CFS = interval from calving to first service, d; CLS = interval 
from calving to last service, d; FLS = interval from first to last service, d; CIN = calving interval, d; NINS = 
number of inseminations per AI-period.
2EEL = early embryonic loss, 1–24 d after AI; LEL = late embryonic loss, 25–41 d after AI.
3NC = not converged.
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and reproductive losses in total. However, we estimated 
zero heritability for fetal loss in the full data set and in 
SR cows. These results were most likely due to small 
sample size, as we only had access to 448 cases of fetal 
loss in total. Thus, further studies on larger data sets 
are necessary to obtain reliable estimates for this trait.

Embryonic losses were moderately genetically cor-
related with MY (0.39–0.52) in this study, which is in 
agreement with reports of higher number of AI required 
per successful pregnancy in high-yielding dairy cattle 
(Nyman et al., 2018). However, van Binsbergen et 
al. (2019) reported a much lower genetic correlation 
between late embryonic loss and MY (−0.02 ± 0.05), 
and attributed this to the nature and precision of P4 
recordings. In comparison, classical fertility traits are 
calculated from calving and insemination data, and 
therefore risk being biased due to recording errors and 
management practices that can affect the perceived fer-
tility of the cow (van Binsbergen et al., 2019). Carthy 
et al. (2016) found reproductive loss to be genetically 
correlated with fat content (−0.17 ± 0.099), fat-protein 
ratio (−0.22 ± 0.103), and SCS (0.32 ± 0.119).

A study by van Binsbergen et al. (2019) found a 
lower genetic correlation between late embryonic loss 
and CIN (0.34 ± 0.08) than observed in this study 
(0.91 ± 0.12). We also found stronger associations be-
tween late embryonic loss and FLS (0.51 ± 0.32) and 
NINS (0.52 ± 0.30) than van Binsbergen et al. (2019) 
(0.31 ± 0.13 and 0.37 ± 0.11, respectively), although 
our estimates had high standard error. Differences in 
recording practices, management, and data filtering 
could have contributed to the differences in results. 
Genetic correlations between late embryonic loss and 
CFS were of similar magnitude in the 2 studies. These 
results indicate that cows with impaired fertility have 
difficulties conceiving and in supporting early embryo 
development and survival.

The low number of cases on fetal loss in our data set 
influenced the analysis, as genetic correlations were not 
estimable for any of the bivariate analyses associated 
with fetal loss. However, estimates from Carthy et al. 
(2015) suggest that reproductive losses from 21 d after 
AI are strongly genetically correlated with CIN (0.8 ± 
0.097), moderately correlated with CFS (0.55 ± 0.165) 
and days open (0.44 ± 0.141), and weakly correlated 
with NINS (0.33 ± 0.183).

Descriptive Evaluation of Pregnancy Loss

Our estimates for early embryonic loss (~45%) are 
in line with those in Bruinjé et al. (2017) who reported 
59% pregnancy losses within 30 d of insemination in 
Canadian cows. Both are much higher than the 29% 
estimated by Nyman et al. (2018) for Swedish SH and 

SR. However, these differences are probably explained 
by different sampling methods and filtering criteria im-
posed on the data. Nyman et al. (2018) estimated preg-
nancy losses in Swedish dairy cows based on manually 
sampled P4 records collected on the day of insemination 
and at 10 and 21 d after each insemination, until the 
cows were confirmed pregnant. Continuous sampling 
through the lactation was used by Bruinjé et al. (2017) 
and in the present study. Furthermore, the sampling 
frequency is determined by the HN biomodel based 
on the P4 profile, and on cow- and lactation-specific 
characteristics (Friggens and Chagunda, 2005; Bruinjé 
and Ambrose, 2019). Although using more data points 
to assess the result of insemination provides a more 
precise description of the reproductive status of the cow 
through the lactation, the fertility outcome is still af-
fected by farm management decisions (e.g., voluntary 
waiting periods, preferential treatment of high-yielding 
cows) and does not depend solely on the biomodel.

Bruinjé et al. (2017) estimated that a further 12.9% 
of pregnancies were lost between 31 and 55 d after 
insemination, which is similar to the late embryonic 
losses reported by Nyman et al. (2018), van Binsber-
gen et al. (2019), and this study. In total, Bruinjé et 
al. (2017) found that 28% of inseminations resulted 
in pregnant cows at 55 d after insemination, which is 
comparable to our estimates. Although the majority of 
reproductive losses in dairy cattle happen during the 
early embryonic stage of the pregnancy (observed as 
cows returning to heat), losses in later gestation have 
higher negative economic effect on production due to 
the cost of keeping unproductive animals in the herd 
(Santos et al., 2004; Diskin et al., 2012).

Nyman et al. (2018) reported significantly less total 
pregnancy loss in SR than SH (62.4 and 67.9%, respec-
tively). This is in line with our own findings, but we 
observed significant breed differences for all pregnancy 
loss traits except early embryonic loss. Similarly to Ny-
man et al. (2018), we observed a significant increase 
in fetal loss and total pregnancy loss with increasing 
parity.

We observed a stable level of early embryonic loss, 
regardless of age of the cow, but Bruinjé et al. (2017) 
observed an effect of parity, with an increase of 12.6% 
in non-pregnant rate from primiparous to second-
parity cows. They also reported an 11% increase in late 
embryonic loss from first to second parity. Although 
these results are interesting, their study was based on a 
smaller data set and they do not specify whether their 
results are statistically significant, possibly because 
their main focus was on changes in P4 concentrations 
in relation to insemination success.

We detected an increase in number of inseminations 
used in HN herds (2.2) compared with the average (1.8) 
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reported by Växa Sverige (2020) for non-HN herds in 
Sweden. Increased number of data points during estrus 
(Bruinjé et al., 2019; Bruinjé and Ambrose, 2019), es-
timated likelihood of insemination success for a given 
estrus (Blavy et al., 2018; Bruinjé and Ambrose, 2019), 
and a stronger emphasis on following the recommenda-
tions for timing of insemination identified by the HN 
system could possibly decrease the number of insemina-
tions outside the optimal time for conception in HN 
herds.

P4 Concentration Indicative of Reproductive Loss

An abnormal endocrine pattern, monitored as fluc-
tuations in P4, and negative energy balance have a 
negative effect on oocyte quality, follicular develop-
ment, and uterine environment, and thus compromise 
early embryo survival (Diskin et al., 2012; Bruinjé et 
al., 2017; Blavy et al., 2018). For instance, the P4 con-
centration in certain intervals after insemination has 
been found to significantly affect the outcome of insem-
ination. Swedish dairy cows suffering pregnancy losses 
from late embryonic stage onwards had significantly 
higher P4 concentrations on the day of insemination 
than cows that calved successfully (Båge, 2003; Nyman 
et al., 2018). It would be interesting to study this using 
continuously sampled data from Sweden, but the sam-
pling frequency in HN herds is based on the biomodel, 
which meant that fewer than 15% of inseminations in 
our data set could be connected to a P4 sample on the 
day of service.

We were able to investigate the effect of P4 concen-
tration on pregnancy outcome during 5 intervals from 
10 to 50 d after insemination. Similarly to Bruinjé et al. 
(2017) and Nyman et al. (2018), we found significantly 
lower P4 concentration during the intervals in nonpreg-
nant compared with pregnant cows from late embryonic 
stage onwards. This indicates the importance of con-
tinuously high P4 concentrations during gestation to 
support development of the embryo and fetus. We also 
observed several breed differences in P4 concentration, 
depending on the outcome of the insemination. These 
indicate reproductive physiological differences between 
SR and SH, which should be considered when setting 
up HN and refining the system.

Application in Future Breeding Strategies

Endocrine-derived traits are promising for describing 
reproductive loss in dairy cattle (Bruinjé et al., 2017, 
2019; van Binsbergen et al., 2019). One of the main 
issues associated with traits derived from P4 data is 
that these data are not available in the national cow 

database. Another concern is the limited number of HN 
units in use in the Nordic countries today, currently 
around 40 herds, which is primarily due to the high 
running costs of the system. The low number of animal 
records currently available is most likely not enough to 
benefit selection or genetic evaluation based on these 
traits (Tenghe et al., 2016, 2018; van Binsbergen et al., 
2019). However, the collective HN data could serve as 
a reference population for genomic evaluation of repro-
ductive loss (Tenghe et al., 2016, 2018; Tarekegn et al., 
2019).

The strong associations between traits for embry-
onic loss and FLS (0.82), CLS (0.92), and CIN (0.91) 
suggest that these traits express much of the same 
variation. This is encouraging, because these classical 
fertility traits are already included in Nordic breeding 
programs (NAV, 2020). The current fertility index in 
the Nordic programs is mainly focused on the genetic 
ability of dairy cows to resume cyclicity after calving, 
show estrus, and become pregnant after insemination 
(NAV, 2020). Although there are numerous studies re-
lating to the first 2 aspects of the fertility index, more 
research is required on the ability of high-yielding cows 
to maintain their pregnancy to full term.

Use of biosensor technology is likely to increase on 
farms with the move toward more automated produc-
tion systems. Future studies should explore how biosen-
sor data can be used efficiently to improve genetic and 
genomic evaluations.

CONCLUSIONS

Analysis of in-line milk progesterone records revealed 
that approximately 45% of all inseminations resulted in 
early pregnancy loss, 12% in late embryonic loss, and 
10% in fetal loss. SR cows had significantly lower preg-
nancy loss during late embryonic stage, fetal stage, and 
in total, and had better fertility than SH cows. Diag-
nosing reproductive loss early in gestation could reduce 
losses in production, decrease the risk of premature 
culling, and increase herd profitability. The heritability 
estimates obtained for pregnancy loss traits were low 
and of the same order of magnitude as those for classi-
cal fertility traits. Embryonic loss showed moderate to 
strong genetic correlations with milk production and 
several classical fertility traits. These results could be 
valuable for determining genetic variation in reproduc-
tive loss and its potential usefulness as an alternative 
fertility trait in genetic or genomic evaluations. Further 
studies are required for better predictive estimates of 
these novel traits, to modernize breeding strategies and 
exploit modern biosensor technologies for genetic im-
provements of dairy cattle fertility.
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