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Abstract.  The aim of this study was to evaluate the effect of body weight (BW) change during the early postpartum period 
and BW on day 50 post partum on the subsequent expression of estrus and fertility at first insemination before day 90 post 
partum. The data were derived from 1036 postpartum cows reaching 90 days in milk. The following data were recorded for 
each animal: lactation number, daily milk production at day 50 post partum, calving date, days in milk at estrus and at AI, 
insemination date, insemination number, inseminating bull, AI technician and body weight at calving, at day 50 post partum 
and at AI. Of the 1036 cows registered, 817 (78.9%) showed first estrus before day 90 post partum and were inseminated. 
Using logistic regression procedures and based on the odds ratio a one unit (kg) increase in the daily milk production at day 
50 post partum and a one unit (kg) decrease in the BW between calving and day 50 post partum were related to a 1.03-fold 
increase and a 0.97-fold decrease in the estrus expression rate before day 90 post partum, respectively. Of the 817 cows 
inseminated before day 90 post partum, 437 became pregnant (53.5%). A one unit increase in the BW at day 50 post partum 
produced a 1.003-fold increase in the early fertility rate. Pregnancy rate before day 90 was also influenced by the season 
at calving, bull providing semen and technician. In conclusion, the register of BW during the postpartum period may be 
a useful tool for evaluating the nutritional status and its relationship with the subsequent reproductive efficiency in dairy 
cows.
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The past few decades have seen a decline in fertility as well as rising 
milk yields [1–3]. Milk production per cow has increased steadily 

due to a combination of improved management, better nutrition and 
intense genetic selection. This shift toward more productive cows 
seems to be culminating in a decrease in reproductive efficiency. 
However, the association between milk production level and fertility 
is not so clear. In a recent study [4], a positive correlation was 
found between milk production and fertility, suggesting that milk 
production level is only detrimental to fertility when combined with 
other physiological and management factors [2].

Dairy cattle having a high milk production cannot maintain a 
positive dietary energy balance during early lactation and must 
mobilize body reserves [5]. The magnitude of this negative balance 
is associated with a failure in reproduction [6]. However, energy 
balance is difficult to measure in large populations, leading to 
increased interest in other traits, such as body condition score (BSC) 
or body weight (BW), which may be indicators of the energy balance 
of the cow [7] and may subsequently be related to the health and 

fertility status of an animal.
BCS has proved useful as a management tool for subjectively 

assessing the nutritional status of dairy cows [8]. In a meta-analytical 
study [9], a clear association was found between BCS or change in 
score postpartum and the reproductive performance of dairy cows, 
particularly in the number of days open. However, the subjective 
nature of condition scoring and the fact that the automation of 
its measurement has to date been unsuccessful make it difficult 
for inexperienced herd managers to use BCS in practice [10]. 
Nonetheless, automatic daily weighing of cows is commercially 
available and facilitates the monitoring of daily BW change as well 
as BW change during key periods of lactation. In previous studies, 
different associations between BW and BW changes with reproductive 
performance of Holstein dairy cows have been described, although 
some of them were contradictory [10–12]. The aim of this study was 
to evaluate the effect of BW at partum, at day (d) 50 post partum and 
at first AI and BW change during the early postpartum period on the 
expression of estrus and fertility at first AI before d90 post partum.

Materials and Methods

Cattle and herd management
Data derived from 1036 postpartum cows reaching 90 days in 

milk in a commercial Holstein-Friesian dairy herd in northeastern 
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Spain, over a 16-month period (1 December 2009 to 1 April 2011), 
were analyzed. Mean annual milk production of the herd for this 
period was 11,720 kg per cow. All the animals were tested free of 
tuberculosis and brucellosis. The cows, calved all year round and 
grouped according to their milk production, were milked three times 
daily and fed complete rations. Feeds consisted of cotton seed hulls, 
barley, corn, soybean and bran along with roughage, primarily corn, 
barley or alfalfa silage and alfalfa hay. Rations were in line with 
NRC recommendations [13]. Dry cows were kept in a separate 
group and transferred to a “parturition group,” depending on their 
body condition score and age, 7–25 days prior to parturition. An 
early postpartum group designated the “fresh cows group” was set 
up for postpartum nutrition and controls, and 7–20 days postpartum 
primiparous and multiparous lactating cows were transferred to 
separate groups. The voluntary waiting period from calving to first 
AI set in this dairy herd was 50 days. All cows were artificially 
inseminated. The mean annual culling rate for the study period was 
30%. Cows producing less than 25 kg per day were not inseminated.

Management practices included the use of pedometers, housing 
in free stalls with cubicles and a concrete slatted floor, daily strict 
veterinary supervision for all cows, a rigorous postpartum revision 
protocol, application of the same reproductive management program, 
confirmation of estrus at AI and performance of AI by veterinarians.

In the present study, only healthy cows with no detectable reproduc-
tive disorders and that were free of clinical disease were included. 
The exclusion criteria were: mastitis, lameness, digestive disorders, 
abnormal genital discharges and pathological abnormalities of the 
reproductive tract detectable on palpation per rectum. Efforts were 
made to reduce variation in the general status of the animals so that 
failure to exhibit estrus or conceive could be attributed to factors 
other than the clinical condition of the cows during the study.

Insemination and pregnancy diagnosis
The herds were maintained on a weekly reproductive health 

program. This involved examining the reproductive tract of each 
animal by palpation per rectum within 30 to 36 days postpartum 
to check for normal uterine involution and ovarian structures. 
Reproductive disorders such as incomplete uterine involution, 
endometritis, pyometra and ovarian cysts, diagnosed either at 
gynecological postpartum examination or at any subsequent time, 
were treated until resolved.

Estrus detection was performed using a pedometer system (AfiFarm 
System, S.A.E. Afikim, Israel). Pedometer values were recorded at 
the milking parlor (three times daily) and analyzed automatically 
using a herd management program. An increased walking activity 
of more than 80% above the mean activity recorded for the previous 
two days was taken as the lower limit for a cow to be considered in 
estrus [14]. The cows were finally inseminated after estrus had been 
confirmed by examination of the genital tract and vaginal fluid [15].

Pregnancy diagnosis was performed 38–45 days post insemination 
by palpation per rectum. Cows diagnosed as negative were either 
included again within the reproductive program or registered for 
culling. All gynecological exams and pregnancy diagnoses were 
performed by the senior author.

Body weight assessment
Body weight (BW) was retrieved from AfiFarm herd manage-

ment software (S.A.E. Afikim, Kibbutz Afikim, Israel). Daily BW 
obtained from an AfiWeigh was cow body weighing system, which 
recorded the weight of every cow entering the milking parlor. Body 
weights from the three daily milkings were averaged and stored as 
a single value.

Data collection and analysis
The following data were recorded for each animal: lactation 

number, daily milk production at d50 post partum (the average of 
the previous 3 days), calving date, days in milk at estrus and at 
AI, insemination date, insemination number, inseminating bull, AI 
technician and body weight at calving, at d50 post partum and at AI.

In the geographical area of the study there are only two clearly 
differentiated weather periods: the warm (May to September) and 
cool (October to April) periods [16]. Over an 18-year period, the 
mean number of days in a month that the maximum temperature was 
higher than 25 C ranged from 20 to 31 days and from 0 to 4 days 
for the warm and cool periods, respectively. Reproductive variables 
are generally significantly impaired during a warm period [3, 17]. 
For this reason, calving dates were used to analyze the effect of the 
season (warm versus cool period) of calving on the probability of 
reproductive performance.

Study 1. Factors affecting the expression of estrus before d90 
post partum

The variables possibly affecting expression of estrus before 
d90 are listed in Table 1. The relative contribution of each factor 
to the probability of expressing estrus before d90 post partum 
was determined by logistic regression methods. Expressing estrus 
before d90 post partum or not was considered to be the dependent 
variable, and calving season, lactation number, daily milk production 
at d50 post partum, body weight at calving and at d50 postpartum 
and relative body weight change between calving and d50 post 
partum were considered to be independent factors. Calving season 
was considered to be a class variable and coded as a dichotomous 
variable (where 1 denotes presence and 0 absence).

Study 2. Factors affecting high fertility
The variables possibly affecting high fertility are listed in Table 

1. Cows that were not inseminated before d90 postpartum were 
excluded from the model. Cows with estrus before d90 post partum 
(n=817) were classified as having high or low fertility based on 
conception during the interval from 50 to 90 days in milk or after 
this interval, respectively [4]. The relative contribution of each 
factor to the probability of high fertility was determined by logistic 
regression methods. High fertility was considered to be the dependent 
variable, and calving season, lactation number, daily milk production 
at d50 post partum, body weight at calving, d50 post partum and 
AI, relative body weight change between calving and d50 post 
partum, relative body weight change between calving and AI date 
and relative body weight change between d50 post partum and the 
AI date were considered independent factors. Calving seasons were 
coded as dichotomous variables (where 1 denotes warm period and 
0 cold period). Technician and bull inseminated were included as 
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class variables.
In studies 1 and 2, logistic regression analyses were performed 

using the SPSS package, version 13.0 (SPSS Inc., Chicago, IL, USA) 
according to the Hosmer and Lemeshow method [18]. Basically, 
this method involves five steps as follows preliminary screening 
of all variables for univariate associations, construction of a full 
model using all the variables found to be significant in the univariate 
analysis, stepwise removal of non-significant variables from the 
full model and comparison of the reduced model with the previous 
model for model fit and confounding and evaluation of plausible 
interactions among variables and assessment of model fit using 
Hosmer–Lemeshow statistics. Variables with univariate associations 
showing P values <0.25 were included in the initial model. Modelling 
was continued until all the main effects or interaction terms were 
significant according to the Wald statistic at P <0.05.

Results

Factors affecting the expression of estrus before day 90 
postpartum

Of the 1036 cows registered, 817 (78.9%) showed first estrus 
before d90 post partum and were inseminated. Table 2 shows the 
odds ratios of variables included in the final logistic regression 
model. Based on the odds ratio, a one unit increase in the daily 

milk production at d50 post partum produced a 1.03-fold increase 
in the estrus expression rate before d90 post partum, and a one unit 
decrease in the body weight between calving and d50 post partum 
produced a 0.97-fold decrease in the estrus expression rate before 
d90 post partum. No significant interactions were found.

Factors affecting fertility
High fertility was recorded in 437 of the 817 cows inseminated 

before day 90 post partum (53.5%). Logistic regression analysis 
indicated no significant effects of calving season, lactation number, 
milk production and relative body weight change between calving 
and d50 post partum, between calving and AI date and between d50 
post partum and AI date. Table 3 shows the variables finally included 
in the logistic model. Based on the odds ratio, a one unit increase in 
the body weight at d50 post partum produced a 1.003-fold increase 
in the high fertility rate. The likelihood of high fertility decreased 
in cows calving during the warm season by a factor of 0.49. High 
fertility was more likely found in cows inseminated with semen 
from bulls 5, 7, 8 and 10 (by factors of 4.97, 4.04, 3.9 and 3.21, 
respectively) and for those inseminated by technician 4 (by a factor 
of 1.75). No significant interactions were found.

Table 1. Risk factors investigated regarding their effects on reproductive performance

Risk factor N classes
Class description (N 

per class or AI ranges 
within classes)

Mean ± SD (range)

Study 1 (n=1036)
Cows with estrus by d90 post partum 2 Yes (817)

Non (219)
Season at calving 2 Warm (459)

Cool (577)
Lactating number Continuous 2.2 ± 1.4 (1–9)
Milk production at d50 post partum Continuous 45.1 ± 10.9 (14–79)
Body weight at calving Continuous 613 ± 73.3 (427–900)
Body weight at 50 days post partum Continuous 575 ± 59.9 (420–782)
Relative body weight change between calving and d50 post partum (rW50c) Continuous 5.4 ± 5.7 (–22.7–14.3)

Study 2 (n=817)
Number of cows receiving AI by d90 post partum 2 Yes (437)

Non (380)
Season at calving 2 Warm (372)

Cool (445)
Bulls 9 Range 19–325 AI
Technicians 5 Range 8–370 AI
Lactating number Continuous 2.2 ± 1.4 (1–9)
Milk production Continuous 45.6 ± 10.7 (14–79)
Body weight at calving Continuous 613 ± 73.9 (427–900)
Body weight at d50 post partum Continuous 575 ± 60 (420–782)
Body weight at AI Continuous 574 ± 60 (435–828)
Relative body weight change between calving and d50 post partum (rW50c) Continuous –5.4 ± 5.7 (–22.7–14.3)
Relative body weight change between calving and AI Continuous –5.9 ± 6.2 (–24–18)
Relative body weight change between d50 post partum and AI Continuous 0.07 ± 2.8 (–17–10.6)
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Discussion

This study assessed whether automated measurements of body 
weight during the postpartum period could be related with the 
subsequent reproductive efficiency of lactating dairy cows. It was 
observed that body weight loss between calving and d50 and body 
weight at d50 post partum were associated with expression of estrus 
and fertility before d90, respectively.

The association between BW and BW changes and reproductive 
efficiency is not clearly known and the results of previous studies 
are controversial [11, 12, 26]. In a more recent large-scale study, 
Van Straten et al. [19] observed an association between BW changes 
post partum and conception rate at first AI. The present work has 
been performed under different management practices (VWP 50d 
vs. 94-133d in the study of Van Straten et al. [19]) and evaluated 
different reproductive variables (estrus expression determined by 
pedometers and high fertility). We concluded that estrus expres-
sion may be more sensitive to body weight changes than fertility. 
Sakaguchi [20] reported in an experimental study with 50 animals 
that cows with early ovulation and early estrus showed earlier 
recovery of BW compared with cows with late ovulation and estrus, 
suggesting that BW loss (%) is available as a monitoring tool for 
certain reproductive events such as postpartum first ovulation, 
estrus and insemination. Our work, with 1036 postpartum cows, 
confirms these results under field conditions. Different factors may 
influence body weight in the cow, but one of the most relevant is the 
magnitude of body fat stores [21-22]. Repeated measurements of 
body weight the postpartum period could be good indicators of the 
nutritional status of the cow. In this study, each unit of body weight 
loss between parturition and d50 was related to a significant 0.97-

fold decrease in the estrus expression rate before d90 post partum. 
Although ovarian follicular dynamics in the postpartum dairy cow 
appear to be unaffected by a negative energy balance [23], estrus 
expression may be more sensitive to a decrease in body fat stores. 
In fact, inability to display estrus in normal cycling cows is one 
of the most common reproductive disorders associated with high 
milk production, as, for example, about 40% of cyclic cows do not 
show clear expression of estrus measured by pedometers [17, 24].

The increase in BW at d50 post partum significantly increased 
the probability of fertility for cows showing estrus before d90. In a 
previous study [9], it was determined using meta-analytical methods 
that animals with a high body condition (score above 3.5) at first 
AI had a lower number of days open when compared with animals 
in the intermediate (score 2.5–3.5) or low (score under 2.5) body 
condition category. In the present study, body weight at d50 was 
more important to high fertility than body weight at AI. The mean 
interval between partum and AI was 71.0 days. Body weight at d50 
post partum may be more determinant of fertility than BW at AI, as 
this time could be more important for discriminating which cows are 
recovering from metabolic stress post partum. Other authors have 
found associations between BW and reproductive performance, 
although results were contradictory. Moore et al. [11] reported a 
negative genetic correlation between BW at calving and number 
of services per conception in Holsteins, suggesting that genetically 
heavier cows require fewer services to conceive. This was contra-
dictory to the reports by Badinga et al. [25] and Berry et al. [26], 
who obtained the opposite results and concluded that selection for 
increased weight could lead to decreased reproductive efficiency.

A higher milk production was related with a higher estrus expres-
sion at d90 post partum (odds ratio 1.03, P<0.001). Seventy-eight 

Table 3. Odds ratios of variables included in the final logistic regression model for high fertile cows a

Factor Class n % Odds ratio 95% Confidence 
Interval P

Postpartum Weight at d50 Continuous 817 1.003 1–1.005 0.02
Season Cool 445 58.9 Reference

Warm 372 47 0.49 0.41–0.81 0.001
Bull 9 classes Bull 5 28/41=68.3 4.97 1.5–16.4 0.009

Bull 7 192/325=59 4.04 1.46–11.15 0.03
Bull 8 18/36=50 3.9 1.13–13.46 0.007
Bull 10 52/96=54.2 3.21 1.09–9.42 0.03

Technician 5 classes Technician 4 164/265=61.9 1.75 1.25–2.45 0.001

Likelihood ratio test = 1075; 14 df. P=0.0001. Hosmer and Lemeshow Goodness-of-fit test = 6.9; 8 df, P = 0.46 (the model fits). 
a Represented by cows becoming pregnant before 90 days in milk.

Table 2. Odds ratios of variables included in the final logistic regression model for cows showing 
estrus before day 90 postpartum

Factor Class n Odds ratio 95% Confidence 
Interval P value

Milk production (d50) Continuous 1036 1.03 1.01–1.04 0.001
rW50ca Continuous 1036 0.97 0.94–0.99 0.017

Likelihood ratio test = 1053.7; 2df, P=0.0001. Hosmer and Lemeshow Goodness-of-fit test = 5.3; 8 df, 
P = 0.72 (the model fits). a rW50c: Relative body weight change between calving and AI.
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percent of cows showed estrus before 90 days in milk and produced 
a mean of 45.6 kg milk within the peak yield period, in contrast to 
the 43.2 kg milk of cows that showed estrus later. Lopez-Gatius et 
al. [4] found a positive correlation between milk production at d50 
post partum and high fertility (expressed as the percentage of cows 
that became pregnant before d90 post partum). This high fertility 
could be explained both by a higher cyclicity (accompanied by 
manifestation of estrus) and a higher conception rate. In the present 
study, milk production had a clear impact on estrus expression before 
d90 post partum. However, when anestrous cows were excluded 
from the model, we failed to find any association between milk 
production and high fertility.

In conclusion, automatic assessment of BW may be a useful tool 
for evaluating nutritional status and its relationship with reproductive 
efficiency in dairy cows.
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