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Risk

Abstract

Decreased fertility in dairy cows is widespread and economically undesirable. Current
management strategies to prevent decreased fertility are exploiting the close
relationship between negative energy balance in transition cows and subsequent
decreased fertility. However, there is a continuous need for more information regarding
the effects of different strategies on fertility. This thesis evaluated the effect of
supplemental feeding with glycerol or propylene glycol, the usefulness of measuring
metabolic indicators in blood samples to predict decreased fertility and investigated
potential risk factors. In two field studies, the metabolic status, milk yield and fertility
of cows in 17 herds, fed either a glycerol or propylene glycol supplement or no
supplement (control) 0-21 days after calving, were evaluated. A separate study
evaluated the accuracy of metabolic indicators when used to predict decreased fertility.
The results were based on a single blood sample taken in early lactation and different
test cut-off values were applied. Finally, potential risk factors for decreased fertility
related to housing, feeding and the cow herself, were evaluated in approximately 750
Swedish herds.

Cows fed glycerol produced significantly 1 kg more milk during the first 90 days in
milk and cows fed propylene glycol tended to produce more milk without a subsequent
decrease in metabolic status or fertility. The test performance of the metabolic
indicators was in general low and was influenced by cow parity, cow breed and the
prevalence of decreased fertility in the population studied. Cows experiencing a change
in system (e.g. in housing or milking system or from conventional to organic
production) had lower fertility than cows not experiencing such a change. In addition,
cows with severe claw lesions and cows displaying a rise in somatic cell counts had a
lower probability of pregnancy at first insemination.

In conclusion, supplemental feeding with glycerol or propylene glycol, as a general
strategy in a herd, does not seem to influence fertility or energy status and could
increase milk yield. Measures to prevent a decrease in fertility could be more effective
if applied to cows in physiological imbalance, rather than all cows in a herd. However,
the use of metabolic indicators in a single blood sample may not be optimal for
detecting cows at risk. The identified risk factors for decreased fertility could be used
when devising preventive strategies.

Keywords: dairy cow, glycerol, propylene glycol, fertility, negative energy balance,
metabolic indicators, risk factor, field study, test accuracy
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1 Background

1.1 The dairy cow

1.1.1 History

Cattle were domesticated between 8000 and 10,000 years ago (Tucker, 2009)
and humans collected cow’s milk already in 2000 BC, as shown by Egyptian
paintings (Jensen, 1995). In Sweden, detailed information about dairy cows is
available from the 16™ century, thanks to a recording system introduced by the
King Gustav Vasa, although it is believed that cows were introduced into the
country much earlier (Bjornhag, 1997). However, the highly specialised dairy
cow of today has little in common with the ancient cow, which was much
smaller and produced considerably less milk.

1.1.2 Swedish dairy herds

Swedish dairy herds are structurally changing, and the last 20 years have seen a
typical change from a small tie-stall barn to a larger loose-housing system.
Furthermore, the numbers of automatic milking systems (AMS) are gradually
increasing and by 2011, 755 AMS had been installed in Swedish herds (Lakic,
2011). At the same time, many small herds, predominantly those with less than
100 cows have disappeared. Today, the mean number of cows across the
remaining 5600 herds in Sweden is 62 (Swedish Board of Agriculture, 2011).
Tie-stalls are still the predominant housing system, with 53% of Swedish cows
held in tie-stalls and 47 % in loose-housing systems (Marie Mork, Swedish
Dairy Association, pers. comm. 2012). As of 2012, approximately 600 herds
are organic (Johan Eriksson, KRAV, pers. comm. 2012).

The main breeds are the Swedish Red (SR; 45%) and Swedish Holsteins
(SH; 55%). SR cows generally produce less milk (9200 kg ECM on average on
a yearly basis) than SH cows (nearly 9800 kg ECM/year) (Swedish Dairy
Association, 2012). Swedish cows are inseminated following oestrus detection,
52 % using farmer-operated Al
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Eighty-five percent of Swedish dairy cows (i.e. 270 000 cows in 4000
herds) are affiliated with the Swedish official milk recording scheme (SOMRS)
which is administered by the Swedish Dairy Association (Swedish Dairy
Association, 2012). In SOMRS, data on monthly milk yield and composition
and on fertility and health in the associated herds are gathered to provide a
basis for e.g. herd health surveillance and feed advice.

Swedish dairy herds have in general a low incidence of several infectious
diseases that are known to affect fertility. According to national surveillance
programmes, the dairy cow population is free from brucellosis and bovine
herpes virus I and the occurrence of bovine viral diarrhoea virus is limited to
small regions of the country (National Veterinary Institute, 2012). The herd-
level prevalence of Neospora caninum was 8.3% in 2008, which is low in
comparison to other European countries (Frossling et al. 2008). The annual
prevalence of salmonellosis is less than 1% in the collected population of food-
producing animals (National Veterinary Institute, 2012).

1.1.3 Milk and glucose

The main constituents in milk are lactose, fat, protein, calcium and water
(Jenness, 1985). Because lactose is the most important osmotically active
component in milk, it is a key driver of milk production (Sandholm er al.,
1995). Lactose is synthesised from glucose and there is a large uptake of
glucose by the mammary gland to meet the glucose requirements in the high-
yielding cow (Baumann, 2000). Ingested carbohydrates are effectively
fermented to short-chain fatty acids in the rumen and only a minor amount of
glucose in the feed is absorbed in non-fermented form. Therefore, adult
ruminants are dependent on hepatic (>90%) and, to a smaller extent, renal
gluconeogenesis to fulfil their glucose requirements (Aschenbach et al., 2010;
Figure 1). The main precursor for gluconeogenesis is the short-chain fatty acid
propionate, and to a lesser extent valerate and butyrate, all from ruminal
fermentation of carbohydrates (McDonald et al., 2002). Besides short-chain
fatty acids, lactate, amino acids from muscle tissue break down and glycerol
(GLY) from lipid mobilisation can be used for glucose synthesis (Aschenbach
et al., 2010). The gluconeogenesis is highly prioritised by the cow and is under
hormonal regulation mainly by insulin, glucagon and growth hormone
(Aschenbach et al., 2010).
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Figure 1. Major pathways in gluconeogenesis in cows (McDonald et al. 2002).

1.2 Reproduction in dairy cows

1.2.1 Ovarian cyclicity and hormonal regulation

Cows are polyoestrus and oestrus occurs approximately every 21 days after the
onset of puberty, which occurs approximately between 7 and 18 months of age
(Noakes, 2001). The average duration of oestrus (i.e. standing heat) is 8 h
(Forde et al., 2011). Milk yield influences the length of the cycle and the
oestrus of high yielders is generally shorter than that of low-yielders (Lopez et
al., 2004).

Follicular growth and atresia occurs throughout the oestrus cycle and there
are normally one or two follicle waves before the dominant follicle ovulates
(Webb et al., 1992; Figure 2). Ovulation is spontaneous and occurs on average
12 h after the end of standing heat. The corpus luteum (CL), which produces
progesterone, is developed at the site of the ovulatory follicle within 2-3 days
after ovulation. The subsequent period of 14-18 days is therefore called the
luteal phase. If no fertilisation occurs, prostaglandin F2a from the uterus is
released and regresses the CL on day 17-18 after ovulation (Miyamoto ef al.,
2009). When the CL regresses, progesterone concentrations decline back to
basal levels.

The ovarian cyclicity is under hormonal control via a positive and negative
feedback system by gonadotrophin-releasing hormone from the hypothalamus,
and follicle stimulating hormone (FSH) and luteinising hormone (LH) from the
anterior pituitary gland (Webb et al, 1992). In addition, progesterone,
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oestradiol and inhibins from the ovaries and prostaglandin F2o from the uterus
are also involved (Forde et al., 2011; Webb et al., 1992; Figure 3). At the end
of the luteal phase of the cycle, progesterone concentrations decrease and
oestradiol from the dominant follicle increases, this induces a pre-ovulatory
surge of gonadotrophin-releasing hormone, leading to a surge of both FSH and
LH. Pulses of LH occur regularly throughout the cycle, in the beginning with
large frequency but low amplitude and in mid cycle with low frequency and
low amplitude. Ovulation occurs when LH pulses occur with high frequency
leading to the LH surge (Forde ef al., 2011; Figure 3).

Corpus luteum

Follicles

Diameter of follicles and
corpus luteum
e

W / Oestrus

0 10
Days of oestrus cycle

=]
o

Figure 2. Schematic diagram showing the development of corpus luteum and follicular waves
throughout the oestrus cycle of the cow (modified after Noakes, 2001).

1.2.2 Measuring reproductive performance

Reproductive performance can be described using a variety of indicators. The
interval between two subsequent calvings (calving interval), the interval from
calving to first Al (CFI) and the interval from calving to conception (CCI) are
commonly used in Sweden. The two other indicators, namely 56 days non-
return rate to first Al (percentage of animals not showing oestrus within 56
days after first Al) and number of inseminations per animals submitted for Al
(NINS) are also used. These indicators are all influenced by external factors
such as nutrition, bull fertility, occurrence of infectious diseases and the
farmers skills’ in heat detection, timing and conducting Al. The reproductive
performance is also influenced by the ability of the embryo and foetus to
develop and by the survival of the calf (Rodriguez-Martinez et al., 2008;
Parkinson, 2001).
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Figure 3. Schematic diagram showing differences in concentrations of luteinising hormone (LH; -
---), follicle stimulating hormone (thin solid line), progesterone (——"—) and prostaglandin f2a

(thick solid line) during the oestrus cycle of a cow (modified after Forde e al., 2011 and
Gustafsson, 1987).

In addition, management decisions such as the individual voluntary waiting
period for each individual cow or herd have a large impact on the outcomes of
inseminations. It is well known that the probability of pregnancy increases with
increasing days from calving because cows are given time for resumption of
ovarian activities, for clearing the uterus of minor bacterial contamination ezc
(Wathes et al., 2007b; Parkinson, 2001). Recently, a reproductive performance
indicator adjusted for the herd’s individual voluntary waiting period was
evaluated and found to be useful (Lof et al., 2012).

Even though the available measures of reproductive efficiency and fertility
may be ‘noisy’ and may underestimate or overestimate the reproductive
efficiency, they are used in both practice and in research. In this thesis the
word ‘fertility’ is used as a synonym for ‘reproductive performance’.

1.2.3 Declining fertility and its consequences for dairy production

The reproductive performance of the cow is important in dairy production. If
the cow does not conceive, no subsequent lactation will follow and a potential
replacement heifer will be lost. For many years, concerns about declining dairy
cow fertility were raised both world-wide (Lucy, 2001) and in Sweden
(Rodriguez-Martinez et al., 2008). In Sweden, the calving interval had
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increased from 12.6 months in 1988 to 13.4 months in 2008. Today, the
decrease seems to be slightly halted (Berglund, 2008) with a calving interval of
13.3 across all breeds (Swedish Dairy Association, 2012). However,
reproductive problems are still the major reason for premature and involuntary
culling in Swedish herds (Swedish Dairy Association, 2012) and should
consequently be given much attention.

The general recommendation to Swedish dairy herds is to obtain one calf
per cow and year. In order to reach this goal, cows need to conceive no later
than 90 days after calving. In contrast, the average interval from calving to last
AT in Swedish herds is currently 128 days (Swedish Dairy Association, 2012).
Having an extended calving interval can be beneficial for reproductive
efficiency, as shown in a study of two herds aiming for an interval of 15 and 12
months, respectively (Larsson & Berglund, 2000). Cows with a planned
calving interval of 15 months required fewer hormonal treatments for anoestrus
and smaller number of Al to conceive. A key factor for an extended calving
interval to become economically favourable is to maintain lactation
persistency. It has been shown that the lactation persistency in cows with an 18
month calving interval could be improved by management factors such as
increased milking frequency (Serensen et al., 2008). Despite this, an extended
calving interval is still considered economically non-beneficial (Inchaisri ef al.,
2010). However, postponed first Al (i.e. long voluntary waiting period) and
thus a longer calving interval, could be favourable in herds with low
reproduction efficiency and when beef prices are taken into account (Serensen
& Ostergaard, 2003).

The calving interval is influenced by e.g. the voluntary waiting period, the
optimum of which varies between herds and cows. A voluntary waiting period
of approximately 42 days was found to be economically optimal for most
Dutch cows (Inchaisri et al., 2011). No information on the average length of
the voluntary waiting period in Swedish herds is available, but the average
interval from calving to first Al is 90 days (Swedish Dairy Association, 2012).

Although sub-fertility is not generally a disease per se, it could be
considered an animal welfare indicator, as it indicates that the cow has not
been able to simultaneously produce milk and maintain her reproductive
functions. Concerns have also been raised that consumer awareness about the
declining fertility in dairy cows could lead to a public opinion turning against
the modern dairy industry (Oltenacu & Algers, 2005).
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1.3 Negative energy balance

1.3.1 Transition physiology

The period comprising the last 3 weeks of gestation and first 3 weeks of
lactation is often referred to as the transition period, because the cow ‘transits’
from the dry period to lactation. During the transition period the final growth
of the foetus and calving occur and milk production starts. The cow is also
challenged by other stressors such as separation from her calf, immune
challenges when the uterus is cleared (Salasel et al., 2010), increased demands
for energy, nutrients and minerals (LeBlanc, 2010), and most often also
exposure to a new feeding regime and regrouping (Schirmann et al., 2011).
Thus, it is not surprising that there is an over-all increased risk of health
disturbances during the transition period (Ingvartsen, 2006).

Concurrently with the dramatically increased need for nutrients, for the
growing foetus but particularly for lactation, a temporary physiological
decrease in dry matter intake (DMI) leads to a shortage of glucogenic
precursors from exogenous sources. Although DMI increases after calving, the
increase is slow compared with the increased need for nutrients for lactation,
with maximum intake reached between 5 and 7 weeks post-partum (Grummer
et al., 2004; Ingvartsen & Andersen, 2000). As a result, a period of negative
energy balance (NEB) follows calving in almost all cows.

To support the increased glucose requirements of the mammary gland,
homeorhetic regulations change nutrient partitioning (Ingvartsen & Andersen,
2000). This involves increased hepatic gluconeogenesis, decreased peripheral
glucose utilisation mediated via insulin resistance, increased lipolysis and
increased amino acid mobilisation from muscle tissue (Bell, 1995). As a result,
there is an increased contribution of endogenous precursors to
gluconeogenesis, such as lactate, alanine from muscle tissue breakdown and
GLY from lipolysis (Aschenbach et al., 2010).

When GLY is released from body fat tissue, there is an increase in non-
esterified fatty acids (NEFA), which are the main source of energy for the
dairy cow under NEB. NEFA may be completely oxidised in the liver, but
when the oxidative capacity of the liver is exceeded, NEFA are partially
oxidised to ketone bodies such as acetoacetate and P-hydroxy butyrate
(BHBA). NEFA can also be re-esterified to tri-acyl glycerides and stored or
excreted from the liver in very low density lipoproteins (Drackley & Andersen,
2006; Figure 4).

Negative energy balance in dairy cows after calving is characterised by low
blood glucose, low blood insulin, high blood NEFA, high blood BHBA and
low blood insulin-like growth factor I (IGF-1) (Ingvartsen & Andersen, 2000).
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Figure 4. Schematic picture showing lipid metabolism in adipose tissue, liver and in the
mammary gland. NEFA= non-esterified fatty acids, VLDL= very low density lipoproteins,
TG=Triglyceride. Dashed lines indicate a process that occur in a low rate (Modified after
Drackley, 1999).

1.3.2 Impacts of negative energy balance on fertility

Numerous studies have shown associations between NEB and decreased
reproductive performance. Cows in severe NEB have been shown to have a
longer interval from calving to the onset of ovarian cyclicity compared with
cows without NEB (Wathes et al., 2007a; Opsomer et al. 2000; Butler et al.,
1981), indicating that cows simply postpone their reproductive functions until
energy balance does not compromise survival of the embryo or foetus. It has
been found that an early resumption of ovarian activity leads to a subsequent
improvement in fertility (Wathes et al., 2007a). Furthermore, cows in severe
NEB may have suppressed LH pulse frequencies and reduced ovarian
sensitivity to LH (Canfield & Butler, 1989). A follicle developed under such
conditions is more likely to become non-ovulatory and hence delay cyclicity
than a follicle developed during normal conditions.

In addition to the hormonal effects, direct effects of metabolites from lipid
metabolism on the ovaries have been suggested. Plasma hormones and
metabolites related to NEB have been found to be correlated with the
concentrations of metabolites and hormones in follicular fluid of the dominant
follicle (Leroy et al., 2004; Jorritsma et al., 2003); e.g. oocytes cultivated in
media with NEFA concentrations resembling those of cows in NEB or in low
glucose concentrations together with BHBA concentrations resembling clinical
or subclinical ketosis, show delayed maturation, fertilization and cleavage
(Leroy et al., 2006; Leroy et al., 2005). Furhtermore, in vitro studies have
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shown that NEFA can modulate proliferation and steroidogenesis in oocyte
granulosa cells (Vanholder et al., 2005).

1.4 Nutritional strategies to improve energy balance and fertility

1.4.1 Impact of energy supply during dry- and transition period

Britt (1992) hypothesized that oocytes developed during a period of NEB cause
reduced fertility. Furthermore, he suggested that it takes 60-80 days for an
early preantral follicle to reach ovulatory size (Figure 5). Thus, to achieve one
calving per cow and year, measures to prevent NEB should focus on the
transition period, rather than at time of Al. However, already the dry period
can have a large effect on the subsequent lactation. There are a tremendous
numbers of nutritional management approaches, aimed at limiting weight gain
during the dry period and minimising NEB during the transition period.
Feeding a high-energy diet throughout the entire dry period can be detrimental
to cow health, e.g. Swedish cows fed a high energy diet for at least 8 weeks pre
partum had a larger decrease in DMI and a larger increase in post partum
NEFA concentrations than cows fed a low energy diet (Agenis et al., 2003a;
Holtenius et al., 2003). A common approach in large herds in e.g. the US is
instead to group the dry cows to allow for a low-energy diet during the early
dry period and increasing energy content during the last 2-3 weeks before
parturition (Overton & Waldron, 2004). Another strategy proposes that high
amount of dietary fibre leads to a relatively low decrease in DMI before
calving (Grummer et al., 2004).

There is also a considerable amount of literature describing the effects of
adding specific substances to the diets with the aim of reducing NEB and
improving fertility. However, the results from studies investigating addition of
protein, fats (e.g. dietary fats, specific lipids or rumen inert fats) or glucogenic
substances (e.g. GLY or propylene glycol (PG)) and minerals and trace
elements are inconsistent (Chagas et al., 2007a). Starch-rich diets given post-
partum, inducing a high concentration of insulin, have been shown to increase
the proportion of cows ovulating within 50 days after calving (Gong et al.,
2002). However, if this type of insulinogenic diet is fed for longer periods, the
high plasma insulin concentration may lead to negative effects on oocyte and
embryo quality (as reviewed by Leroy et al., 2008). Garnsworthy et al. (2009)
therefore combined an insulinogenic diet to allow for early cycling, followed
by a “mating diet” rich in fat (which generated lower insulin concentrations)
fed from the first rise in progesterone until 120 DIM. This combination
doubled the proportion of cows pregnant at 120 days compared with cows fed
only the insulinogenic diet for the entire period.
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Figure 4. Schematic diagram of follicle growth from preantral (small circles to the left) to
ovulatory size (indicated by stars) in relation to energy balance and days post partum (modified
after Britt, 1992).

1.4.2 Glycerol

As a treatment for ketosis, GLY was used as early as 1954 (Johnson, 1954),
and was further evaluated in the 1970s (Fisher et al., 1973; Sauer et al., 1973).
When GLY is ingested, microbial fermentation to VFA is considered the main
route of digestion (Rémond et al., 1993), although VFA pattern results are
inconsistent between studies (Donkin & Doane, 2007). However, in a recent
report on four lactating cows, two-thirds of the ingested GLY was absorbed
non-fermented over the epithelium (Kullberg, 2008). Thus, GLY could
contribute to gluconeogenesis with both GLY and VFA as precursors.

During recent years the production of bio-diesel from oilseed crops has
increased, resulting in large amounts of GLY as a by-product. Due to its low
price, GLY has become interesting as a cheap feed ingredient replacing
relatively expensive concentrates in cow diets (Donkin & Doane, 2007). When
lactating Holsteins were fed diets with a maximum of 15% of corn grain
replaced with GLY, no adverse effects on milk yield, milk composition or BCS
were observed (Donkin ef al., 2009). Results similar to these, and also
unchanged blood metabolites, were obtained by Carvalho et al (2011) in a
study where GLY was fed at 11.5% and 10.8% of the dry matter ration from 28
days pre-partum to 56 DIM.

Besides the use of GLY as a treatment for ketosis or as a cheap feed
ingredient, there is extensive interest in using GLY as a supplement to prevent
severe NEB. In a study where 400 mL of GLY were administered as an oral
drench daily from calving to 14 DIM, serum concentrations of NEFA and
BHBA decreased and those of glucose increased (Osman et al, 2008). In
addition, cows fed 100, 200 or 300 g of GLY as a top-dress during 4-63 DIM
had a higher serum concentration of glucose and lower concentrations of

20



NEFA and BHBA (Wang et al., 2009). However, DeFrain et al. (2004) fed
0.43 or 0.86 kg/day dry matter for 14 days pre-partum to 21 DIM and reported
decreased DMI pre-partum, decreased glucose concentrations post-partum and
a tendency for decreased milk yield. However, these studies were conducted on
a relatively low number of animals within the same farm, and therefore it is
difficult to draw any general conclusions.

Theoretically, a less severe NEB would influence fertility positively.
However, to the best of my knowledge, no previous study investigated the
effect of supplemental feeding with GLY during early lactation on the fertility
of dairy cows prior to Paper 1. There is also a lack of large field studies using
commercial farms under practical conditions to investigate the effects of
supplementing GLY to cows in early lactation on their metabolic status.

1.4.3 Propylene glycol

As for GLY, PG has long been recognised as a treatment for ketosis in newly
calved cows (Johnson, 1954). After ruminal fermentation, propanol and
propionate are produced, of which propionate is entered into gluconeogenesis
and propanol is further metabolised in the liver to propionate. In addition, a
part of the ingested PG can be absorbed directly and diffuses back to the rumen
for later fermentation (Kristensen & Raun, 2007). Around 10% can also be
metabolised in the liver to L-lactate, which is further entered into
gluconeogenesis (Kristensen et al., 2002). In this way, PG contributes to
gluconeogenesis with either propionate or L-lactate. Besides this, PG and
propanol have insulin resistance-inducing properties, which saves glucose for
the udder (Kristensen & Raun, 2007).

Used as oral drenches to transition dairy cows, PG can be effective in
increasing glucose and decreasing NEFA and BHBA (as reviewed by Nielsen
& Ingvartsen, 2004). Feeding PG has also been found to increase energy status
and reduce body weight loss, e.g. when 450 mL PG was top-dressed from 1 to
63 DIM (Liu et al., 2009). In contrast to GLY, there have been a substantial
number of studies in which PG was either drenched or fed during transition and
where the metabolic status of the supplemented cows was successfully
increased without improved fertility (Miyoshi et al., 2001; Hoedemaker et al.,
2004; Butler et al., 2006; Rizos et al., 2008). In particular, these studies found
no improvement in early post-partum LH pulse frequency or follicle dynamics
(Rizos et al., 2008; Butler et al., 2006) or conception rate (Hoedemaker et al.,
2004; Miyoshi et al, 2001) in supplemented cows compared with un-
supplemented cows. However, the study of Miyoshi et al. (2001) showed that
cows drenched with PG had their first ovulation post-partum earlier than
control cows.
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As for GLY, there is a need for further evaluation of PG under practical
farm conditions.

1.5 Predicting decreased fertility

1.5.1 Risk factors for decreased fertility

Preventive strategies may be focused on animals with certain characteristics
that have been identified as a risk factor for decreased fertility. Because new
techniques on farms are evolving and risk factors are not constant, there is a
continuous need for new risk factor studies. Due to the strong association
between NEB and decreased fertility (Friggens, 2003), it could be difficult to
separate risk factors for these two problems.

There are associations between milk yield, NEB and decreased fertility
(Butler et al, 1981). Mild yield per se (i.e. phenotype) is not necessarily a
limiting factor for fertility (Grohn & Rajala-Schultz, 2000). However, cows
that are selected for high milk yields have genetically driven energy
partitioning and a larger reduction in DMI around calving (Veerkamp et al.,
2003) which may influence reproductive performance negatively.

Differences in reproductive performance have been reported between the
two main Swedish dairy breeds, SR and SH. Generally, the SR breed has a
better reproductive performance than the SH breed, exemplified by a calving
interval of 13.1 months for SR cows and 13.6 months for SH cows (Swedish
Dairy Association, 2012). SR cows are also more likely to resume ovarian
cyclicity early than SH cows (Petersson et al., 2006b). One potential reason for
the observed difference is that fertility traits have been incorporated in the
breeding goals for a longer period for the SR breed than the SH breed
(Philipsson & Lindhé, 2003).

Parity can also affect the reproductive performance of cows. Petersson et al.
(2006b) found that cows in first parity had a higher incidence of atypical
progesterone profiles and subsequently a longer interval from calving to first
Al, and from calving to conception, than cows of higher parity. A possible
explanation for this is that metabolic profiles might differ between young cows
and older because young cows are still growing but generally produce less milk
(Wathes et al., 2007a).

Several diseases have been found to be risk factors of decreased fertility in
dairy cows, among others mastitis (Hockett et al., 2005), retained placenta,
metritis (Grohn & Rajala-Schultz, 2000) and claw diseases (Hultgren et al.,
2004).

For cows in herds where calvings are evenly distributed throughout the
year, the time of the year in which the calving and breeding take place affects
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the reproductive outcome. In Swedish herds, cows calving during the winter
have been found to have a lower probability of pregnancy (L6f, 2012) and a
higher incidence of delayed cyclicity (Petersson et al., 2006a) than cows
calving during the summer season.

In recent years, the use of total mixed ratios (TMR) or partially mixed ratios
(PMR) has become common practice in dairy herds, primarily in those with
loose-housing systems. According to Swedish farm advisors, there is a
potential risk of over-conditioned cows, with a subsequent decrease in fertility,
in these systems because the same ratio is often fed to cows in both early and
late lactation (Sporndly, 2005). This concern was supported by the work of Lof
et al. (2007b) who found that herds using TMR had a longer calving interval
and CLI than herds using individual feeding.

Today, more cows are held in loose-housing systems and milked
automatically. Several Swedish studies have found that cows in loose-housing
systems have better reproductive performance than cows held in tie-stalls (L6f
et al., 2007b; Petersson et al., 2006a). In general, AMS allow the cows to move
more freely, but little is known on the effects on fertility (Jacobs & Siegford,
2012). In addition, there are no data on reproductive performance during the
period of change from one system to another, e.g. from tie-stalls to loose-
housing or from conventional milking to AMS.

1.5.2 Metabolic indicators

Individual cows kept under identical conditions could yet show different
adaptations to metabolic stress (Kessel et al., 2008) and arguments for the use
of metabolic indicators to predict the risk of disturbed health in animals are
raised (Ingvartsen, 2006). In the US, group-level measurements of metabolic
indicators have been used to evaluate how well cows adapt during the
transition period (Oetzel, 2004). In Sweden, measurements of keton bodies in
milk, urine or blood have traditionally been made for diagnostic purpose on
individual diseased cows. Only recently, the use of cow-side tests for BHBA
with the aim of evaluating energy balance in early lactation have been more
common (J. Waldner, Swedish Board of Agriculture, pers. comm., 2012).

In general, metabolites and hormones that show a large between-animal
variation in plasma or serum concentrations are more ideal as indicators, in
comparison to more stable ones (Ingvartsen, 2006). In the following section
plasma or serum concentrations for respective indicator are referred to as
simply ‘concentration’.

The concentration of glucose is under homeostatic control by insulin and
shows only a limited variability, which makes it less ideal for use as an
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indicator (Ingvartsen et al., 2003). The glucose concentration is increased by
external factors such as feeding (Andersson & Lundstrom, 1984) and stress,
(Leroy et al., 2011), and can show a diurnal rthythm (Andersson & Lundstrom,
1984) which should be accounted for during sampling.

The insulin concentration declines sharply at calving and remains low in
early lactation during the period of NEB (Ingvartsen, 2006). In cows in
metabolic balance, insulin is increased in response to increased glucose
concentrations to maintain glucose homeostasis (Hove, 1978).

NEFA is under homeorhetic control with large variations at cow-level and
is therefore potentially useful as an indicator (Ingvartsen, 2006). In general, the
increase in NEFA concentration starts before calving, peaks at calving and
remains elevated for approximately 2 weeks. Generally, concentrations of
NEFA are back to basal levels after 6 weeks or more (Adewuyi et al., 2005).
As for glucose, NEFA is affected by stressful handling of animals before
sampling (Leroy et al., 2011). Concentrations of NEFA are significantly higher
at one hour before the first morning feeding, and within a herd or an
experiment, samples must be taken at a constant time of the day (Quiroz-Rocha
etal.,2010).

BHBA is also under homeorhetic regulation with large variations at cow-
level (Ingvartsen, 2006). Generally, BHBA increases later than NEFA and
peaks at approximately 2 weeks post-partum (Hachenberg et al., 2007). BHBA
shows some variation related to feeding. Low concentrations have been
reported after feeding in animals not fed ad libitum (Andersson & Lundstrom,
1984) and high concentrations after feeding a total mixed ratio (TMR) ad
Ibitum (Quiroz-Rocha et al., 2010). Samples of BHBA should therefore be
taken at the same time point during the day in a herd or within an experiment.

Concentrations of the peptide hormone IGF-1 parallel the insulin
concentrations with a sharp decrease at calving and a gradual increase after
calving (Hachenberg et al., 2007; Schams et al., 1991). The concentration of
IGF-1 in blood is also affected by parity, with primiparous cows having higher
concentrations than multiparous cows (Taylor et al., 2004). IGF-1 is
considered indicative of metabolic competency for reestablishment of fertility
during the post-partum period (Velazquez et al., 2008).

1.6 Test evaluation

1.6.1 Sensitivity and specificity

Because of the strong association between NEB and fertility, metabolic
indicators can potentially be used as a diagnostic test to predict decreased
fertility. By convention, a diagnostic test refers to laboratory analysis of a
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sample in order to detect or exclude disease (e.g. presence of antibodies in a
non-vaccinated animal). However, in a broader context, a diagnostic test could
involve anything (e.g. serological sample, rectal examination or pathological-
anatomical diagnosis of a biopsy) that is used to detect the status of the animal
(e.g. pregnancy, oestrus cyclicity or presence/absence of cancer) (Dohoo et al.,
2009a). Two key components in test evaluation are the diagnostic sensitivity
(the proportion of unhealthy individuals that test positive; Se) and the
specificity (the proportion of healthy individuals that test negative; Sp) of the
test (Table 1). Even though Se and Sp are characteristics of the test itself,
external factors influencing Se and Sp, such as breed, sex, disease incidence
and the presence or not of an eradication programme, have been identified
(Greiner & Gardner, 2000). During test evaluation, influencing factors can be
dealt with using a stratification of the analysis or by a logistic regression
approach (Coughlin et al., 1992).

Table 1. Expressed as a two-by-two table, sensitivity = a/m;, specificity = d/mgy a
positive predicted value = a/n; and a negative predicted value = d/n,.

Test positive (T+) Test negative (T-) Total
Diseased (D+) a (true positive) b (false negative) m
Healthy (D-) ¢ (false positive) d (true negative) my
Total n ngy n

1.6.2 Cut-off values

For tests that give outcomes on a continuous scale, the Se and Sp vary with
different cut-off values. The change in Se and Sp for different cut-off values
can be graphically described in a two-graph receiver operating characteristics
(TG-ROC) graph (Figure 6) where Se and Sp are plotted on the y-axis against
all possible cut-off values on the x-axis. (Greiner et al, 1995). The most
optimal cut-off value varies depending on the application of the test and is not
necessarily related to the point where the lines of Se and Sp cross. In general, a
cut-off value with high Se, and therefore few false negatives, is desirable when
the test is used to detect disease. On the other hand, when the aim is to rule out
disease and few false positives are wanted, a cut-off value with high Sp is more
useful.
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Figure 6. Example of a two-graph receiver operating characteristics graph, where Se and Sp are
plotted against all possible cut-off-values on the x-axis.

1.6.3 Predictive values

While Se and Sp are characteristics of the test itself, the prevalence of the
investigated health disorder may influence the test and the usefulness of the
test therefore depends on the population to which the test is applied. The
usefulness is measured by the predicted values of the test. The positive
predicted value (PV+) is the proportion of animals testing positive that are
actually diseased. Correspondingly, the negative predicted value (PV-) refers to
the proportion of animals testing negative that are actually free of disease
(Table 1).

When a test is evaluated, Se and Sp, PV+ and PV- and the prevalence of the
event of interest in the population (i.e. apparent prevalence) and sample size in
the investigated population are considered a minimum of factors that should be
investigated (Greiner & Gardner, 2000).
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2 Aims

The overall aims of this thesis were to evaluate the effect of supplemental
feeding with glycerol and propylene glycol to dairy cows in early lactation, to
investigate how and with what accuracy cows with a risk of decreased fertility
could be identified in early lactation, and to investigate risk factors for
decreased fertility at cow and herd level. Specific aims were to:

» Evaluate the effect of supplemental feeding with glycerol or propylene
glycol to dairy cows in early lactation on metabolic status, body condition
and milk yield.

» Evaluate whether supplemental feeding with glycerol or propylene glycol
affects the onset of cyclicity in dairy cows.

» Evaluate if supplemental feeding with glycerol or propylene glycol affects
the time of first Al or day of conception.

» Investigate the extent to which the different hierarchical levels (cow level or
herd level) contribute to the variability in metabolites and hormones related
to energy metabolism.

» Assess the usefulness of a single measurement of NEFA or BHBA in early
lactation in predicting the risk of decreased fertility; and investigate how
cow-level factors and different prevalences of decreased fertility affect the
results of the test.

» Investigate some risk factors for decreased fertility, related to the cow and
to management and housing, which could potentially be used when
directing preventive measures.
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3 Material and methods

An overview of the materials and methods used in this thesis is provided
below. More detailed descriptions can be found in Papers I and II which
describes field experimental studies, and Papers III and IV, which report
observational studies. Papers I — III are all based on observations from the
same herds (in total 17 herds), while Paper IV is based on questionnaire data
combined with data from SOMRS (in total 759 herds).

3.1 Animals and herds

The use of animal as research objects in Papers I-1II was approved by the local
animal ethics committee (Gothenburg, Sweden). No ethical approval was
necessary for Paper IV, as the data were obtained from a questionnaire and
from SOMRS.

In Papers I-III, cows that calved from 1 October 2007 to 28 February 2009
in the same 17 commercial herds were included. Of these, 12 herds were
included in Papers I and III, and 17 herds in Paper II. The herds were located in
south-west Sweden, in the vicinity of the Swedish University of Agricultural
Sciences, Skara. The herds had tie-stalls, were non-organic and had on average
60 calving cows per year (range 45—-100). The cows were milked twice daily
and the herds were affiliated to SOMRS. In all herds except one herd in Paper
I1, the cows were fed an individual diet of grass silage and concentrates based
on monthly milk yield and BCS (Sporndly, 2003). In the remaining herd in
Paper II, a TMR based on grass silage, fresh hard-pressed sugar beet pulp and
grains was fed ad libitum twice daily. During summer, cows in all herds were
on pasture for a minimum of three months.

In Paper 1V, cows calving in 759 Swedish herds during the period 1 Mars
2010 to 28 February 2011 were included. The herds were geographically
spread across the country and had on average 156 calving cows on a yearly
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basis (range 60-624). Of these, 54% had tie-stalls, 35% had loose-housing
systems and the remaining herds were changing from tie-stalls to loose-
housing. Eighty percent of the herds had conventional milking, 14% had an
AMS and the remaining were changing from the former to the latter. Four
percent were certified organic according to KRAV, 93% were of conventional
production type and approximately 3% were changing to organic. Separate
feeding of roughages and concentrates with individually fed concentrates
(SEP) dominated among the herds (50%), 34% of the herds had PMR, 11% had
TMR and for approximately 6% of the herds the feeding system was unknown.
Information on number of cows across breed and parity in the Papers I-IV is
presented in table 2.

Table 2. Distribution of cows across breed and parity in Papers I-IV.

Paperl Paper 2 Paper 3 Paper 4
(12 herds) (17 herds) (12 herds) (759 herds)
Breed Swedish Red 396 344 297 23,368
Swedish 201 371 129 30,917
Holstein
Other’ 76 81 54 9276
Parity 1 243 296 176 19,617
2 190 224 136 18,218
>3 240 276 168 25,726
Total number 673 798 480 63,561

of cows

3.2 Supplemental feeding

In Papers I and 11, cows were randomly distributed to one of three groups at
calving: group GLY, group PG or a control group (C). During 0-21 DIM, cows
received supplemental feeding with (on a daily basis) 450 g of liquid GLY
(refined and of 99.9% purity), 300 g of liquid PG, or no supplement (C). The
supplements were given twice daily as a top-dress on concentrates or TMR
(one herd in Paper II).

Originally, the doses were intended to correspond to equal amounts of
energy on a molar basis. Unfortunately, the GLY dose was calculated with
crude (80%) GLY in mind, but pure (99.9%) GLY was delivered to the farms.
Due to this mistake, the PG dose corresponded to 80% of the energy provided
by the GLY dose. Therefore comparisons were made between group C and
group PG and group C and group GLY, not between GLY and PG.
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The supplements were delivered to the farms in colour-coded containers.
The supplements were colourless and odourless, but GLY was slightly more
viscous. Therefore, water was added to the supplements so that the viscosity
was more similar and to make the given amounts correspond to equal volumes
(250 mL each).

17 herds,
Paper Il

Data from SOMRS

12 herds,
Papers | & Il

Plasma samples,
BCSand HG

7 herds,
Papers Il & IlI

Progesterone
samples

Figure 7. Description of herds subjected to different samplings in Papers I-II1.

3.3 Data collection

3.3.1 Sampling

An overview of the cows and herds subjected to different samplings in Papers
I-1IT is shown in Figure 7. Blood samples were collected in Na-heparin-coated
vacuum tubes (BD Vacutainer, Plymouth, UK) on three occasions during the
post-partum period at three-week intervals, i.e. at 1-3, 4-6 and 7-9 weeks after
calving (Figure 8). The samples were taken in the coccygeal vein or artery and
kept on ice until they were centrifuged at 2000 g for 20 minutes within an hour
after sampling. The plasma was stored in a deep-freeze until analysis for
plasma concentrations of glucose, BHBA, NEFA, insulin and IGF-1. The
blood sample results were further used in Papers I and III.

On the same occasions as blood sampling, measurements of BCS and heart
girth (HG) were recorded. Body condition score was obtained on a 5-point

31



scale (Edmonson et al., 1989) and the measurements were further used in
Paper L.

In Papers II and III, milk samples were collected twice weekly starting at 14
DIM and ending when the first heat was detected. The milk samples were
taken by the farmers after milking and stored in a deep-freeze until analysis of
progesterone.

Plasma, BCS Plasma, BCS Plasma, BCS
&HG1 & HG 2 &HG3
\ A )\
| I V[ \ //
0 21 42 -
63 Days in
Supplemental feeding milk

with glycerol or
propylene glycol

Figure 8. The sampling protocol from 0-63 days in milk used in Papers I and II in relation to
period of supplemental feeding (0-21 days in milk).

3.3.2 Laboratory analyses

The plasma and milk samples were analysed at the Department of Animal
Science, Aarhus University, Denmark. All plasma samples were analysed with
regard to concentrations of glucose, insulin, NEFA and BHBA. Plasma
samples taken 0-23 DIM were also analysed in terms of concentration of IGF-
1. Samples showing evident haemolysis were excluded from the study. The
analyses of plasma metabolites (i.e. glucose, NEFA and BHBA) were
performed with an auto-analyser ADVIA 1650® Chemistry System (Siemens
Medical Solutions, Tarrytown, NY 10591, USA). Insulin and IGF-1 were
determined using non-competitive, time-resolved immunofluorometric assays
as described by Levendahl & Purup (2001). Milk samples were analysed for
concentrations of progesterone according to the method described by Friggens
et al (2008). The analytical methods used are further described in Papers I and
IL

3.3.3 Questionnaire

In Paper IV, a questionnaire was sent to the chief feed advisors at the seven
regional dairy associations in Sweden. For all herds >60 cows with which they
were familiar, the feed advisors were asked to indicate whether the herd used a
TMR, PMR or SEP feeding system, using the definitions of these feeding
systems as shown in Table 3. The advisors were also asked to state whether the
herds received advanced monthly feed advice where rations were formulated
according to BCS of all cows.
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Table 3. Definitions of the three feeding systems compared in Paper IV.

Feeding system Description

Total mixed ratio (TMR) All roughages and concentrates were mixed and fed together;
concentrates < lkg given during milking were not counted.

Partial mixed ratio (PMR) Roughages and concentrates were mixed and fed together
but >1kg of the concentrates were also given individually in
automatic feeders.

Individual feeding (SEP) All roughages were fed separately from concentrate, which
were fed individually.

3.3.4 Data from SOMRS

For all cows in Papers I-IV, information on breed, calving date, parity, monthly
test day milk yield (kg), milk composition (kg of fat and kg of protein) and
somatic cell count (SCC) were collected from SOMRS. Furthermore, data on
fertility, including dates of inseminations, gynaecological examinations,
veterinary examinations and treatments were collected for Paper II. In Papers I
—II, data on cases of diseases not treated by a veterinarian (and thus not
included in SOMRS) were reported by farmers using standardised protocols.

For herds in Papers IV, information regarding milking system (conventional
or AMS), housing (whether the cows were held in tie-stalls or in a loose-
housing system) and whether the herd was organic or non-organic was
collected from SOMRS. This data also contained information about when a
herd changed from one system to another.

Because farmers sometimes report reproductive events late (Lof et al,
2007a), all data were collected from SOMRS at least 3 months after the end of
the follow-up period.

3.4 Data editing

3.4.1 Exclusion of animals

Sixteen cows in Papers I and 22 cows in Paper II were excluded because the
farmers decided to stop their supplemental feeding, mainly due to severe
illness in these cows. The remaining 673 (Paper I) and 798 (Paper II) cows
were included in the studies.

In Paper II and III, cows that were subjected to treatment for ovarian cysts
or other hormonal treatment before the reproductive event of interest were
excluded from the analyses.

In Paper IV, questionnaire data was available for 91,162 cows in 771 herds.
After removal of cows served by a bull, cows subjected to embryo transfer,
cows without any recorded data on insemination or other fertility and cows
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with missing milk yield data, the remaining 63,561 cows in 759 herds were
included.

3.4.2 Definition of reproductive performance indicators

First luteal activity (FLA) was defined as the first day after calving when a
progesterone concentration above 4 ng/mL was observed (Friggens et al.,
2008) and when the previous samples had been taken with a maximum interval
of 7 days. First Al (FAI) was defined as the first day after calving with an Al
registered within SORMS. The day of an Al followed by a calving recorded
within 270-290 days, or when the Al was followed by a recorded pregnancy
check (rectal palpation or ultrasound examination) with positive results, was
defined as the day of conception (CON). Pregnant or not at first Al (PAI) and
number of Al in animals submitted to Al (NINS) were also used as
reproductive performance indicators in Paper IV.

Anoestrus (ANEST), delayed first AI (DFAI) and delayed conception
(DCON) were used in Paper III as reference tests of decreased fertility. If the
cow did not experience the event of interest (FLA, FAI or CON) before the
DIM corresponding to the 75" percentile in the study population, she was
considered to have decreased fertility (Table 4).

Table 4. Days in milk corresponding to the 75th percentile in the study population for anoestrus
(ANEST), delayed first AI (DFAI) and delayed conception (DCON) (Paper I1).

Reference test 75th percentile
(days in milk)

ANEST 36

DFAI 96

DCON 145

3.4.3 Definition of other parameters

In Paper I, each first case of a disease in a cow (excluding recurrences) was
grouped as ketosis (ketosis, feed depression or displacement of the abomasum),
mastitis (acute mastitis or fever caused by other infection), paresis (puerperal
paresis or hypomagnesemia) or other disease (any record of a disease with or
without a diagnosis where the cow had a disturbed general condition).

Energy corrected milk (kg ECM) was calculated using the formula 0.25 x
kg milk + 12.2 x kg fat + 7.7 x kg protein (Swedish Dairy Association, 2004).
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3.5 Statistical analyses

3.5.1 Model building (Papers | — V)

All statistical analyses were performed in Stata (Stata release 11, StataCorp LP,
College Station, TX., USA).

In Paper I, the effects of supplemental feeding with GLY or PG on the
plasma concentrations of glucose, insulin, NEFA and BHBA measured 4-63
DIM, monthly test day milk yield during the first 90 DIM, BCS and HG were
investigated using linear mixed effects regression models (Rabe-Hesketh &
Skrondal, 2005). Insulin, NEFA and BHBA data were log-transformed to
better reach normal distribution. The models included a random intercept for
cow and herd to account for repeated measurements within cows and the
cluster of cows within herds. Because sampling was not repeated within cows,
the effects of supplemental feeding on the plasma concentrations of IGF-1
were evaluated using linear mixed effects models with a random intercept only
for herd.

In Paper I, the effects of supplemental feeding on the fertility parameters
FLA, FAI and CON were investigated using semi-parametric survival models
(Cox proportional hazards models) with a frailty term accounting for the
clustering effect of herd (Dohoo et al., 2009b). Cows that did not get the first
Al before 150 DIM or that did not conceive before 365 DIM were not included
in FAI and CON models, respectively.

In Paper III, the associations between a cut-off value in plasma
concentrations of NEFA, BHBA and the outcomes representing decreased
fertility (ANEST and DFAI) were evaluated using a random logistic regression
model (Coughlin et al., 1992). In such a model, strata-specific Se and Sp are
obtained. In model evaluation, robust standard errors were applied (Dohoo et
al., 2009b). Further details on selection of cut-off values are given in section
3.5.2.

In Paper 1V, the effects of the risk factors included on the outcomes in
terms of PAI and NINS were investigated using a logistic regression model and
a Poisson distributed regression model, respectively. Both models included a
random intercept for herd to account for its clustering effect.

Model building strategies followed that proposed by Hosmer & Lemeshow
(2000). The general full models in Papers I and II included group as main
effect and breed, parity, milk yield and calving season as potential biological
predictors. Milk yield was included using the mean milk yield at the monthly
test days during the first 60 DIM. In Paper III only breed and parity were
included as potential predictors. In Paper IV, cow-level and herd-level
predictors were screened using univariate models where covariates with
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P<0.25 were included in the full models. The initial full models were reduced
using backwards step-wise elimination with Wald P=0.05 as a decision
threshold. Biologically plausible interactions were tested to the reduced model.
The functional forms of the continuous predictors and the outcomes were
investigated using fractional polynomials or by adding a quadratic and cubic
term to the models.

3.5.2 Evaluation of thresholds in plasma concentration (Paper I1I)

In Paper III, multiple cut-off values were constructed, one at each 50ueq./L
step of NEFA, one at each 0.2 mM step of BHBA and one at each 10 ng/mL
step of IGF-1. Using the standard cross-tabulation technique (Dohoo et al.,
2009a) the Se and Sp at each cut-off value in relation to ANEST, DFAI and
DCON were calculated. Furthermore, TG-ROC curves (Greiner et al., 2000)
were constructed for each test and outcome to visually describe how test
performance changed with changing cut-off values.

In general, the cut-off values with the highest combined Se and Sp would
classify about half the cows in the study population as test positives. From a
practical perspective, this is not useful, so cut-off values of NEFA, BHBA and
IFG-1 with a high Sp (80%) were chosen and further evaluated. In this step
cut-off values of NEFA and BHBA were used, while the IGF-1 cut-off value
was omitted from the models and from further evaluation due to the general
poor accuracy of the test (based on TG-ROC curves). Furthermore, the fertility
measure DCON was omitted from model building and from further evaluation
due to the multi-factorial aetiology of decreased fertility. Thus the NEFA and
BHBA tests for ANEST and DFAI were further evaluated.

3.5.3 Variance decomposition (Paper I)

In Paper I, the sources of variations in the models were evaluated by
comparing the random effects in the final models with a model containing only
the constant. In this way, the variation at the level of farm, cow and residual
was obtained.

3.5.4 Diseases (Paper I)

In Paper I, the effects of supplemental feeding on the occurrence of any of the
categories ketosis, mastitis, paresis and other were investigated using Fischer’s
exact test. In this test, the number of non-cases and cases were compared in the
C group with the corresponding numbers in the GLY or PG group.
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4 Main Results

A summary of results of the studies included in this thesis is presented below.
More detailed information on these results can be found in Papers I-IV.
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Figure 9. Milk yield at monthly test days during the first 90 days in milk among 673 cows
receiving supplemental feeding with glycerol ( ), propylene glycol (— — —) or control (.......)
over their first 21 days in milk.

4.1 Effects of glycerol or propylene glycol (Papers | and Il)

In general, there were few differences regarding the measured parameters
between groups GLY and C, and between groups PG and C. Cows that were
supplemented with GLY had a higher mean milk yield (P=0.03) at monthly test
days during the first 90 DIM compared with control cows (Figure 9). When
measured in kg, this increase in yield was 1.24 (95% CI = 0.28-2.21) while in
kg ECM it corresponded to 0.95 (95% CI = 0.03-1.86) per monthly test day.
For cows supplemented with PG, there was a tendency (P=0.06) for an increase
in milk yield corresponding to 0.94 kg (95% confidence interval = -0.03-1.91).
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There were no differences between group PG and group C when milk was
measured in kg ECM.

No significant differences in plasma concentrations of glucose, NEFA,
BHBA and IGF-1 were found between cows in group C and those in groups
GLY or PG (Figure 10A-D). However, cows in the GLY group had lower
plasma insulin concentrations compared with the C group (P=0.01). Body
condition score across all groups and adjusted for other covariates was
2.940.04 during the first 3 weeks post-partum and 2.5+0.04 during weeks 7 to
9 post-partum. The corresponding HG was 198+0.41 cm and 194+0.45cm,
respectively. No differences between treatment groups were seen with regards
to BCS and HG.
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Figure 10. Predicted plasma concentrations of (A) glucose and (B) non-esterified fatty acids
(NEFA) among 673 cows receiving supplemental feeding with glycerol ( ), propylene glycol
(———) or control (.......) over their first 21 days in milk.
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Figure 10. Predicted plasma concentrations of (C) B-hydroxy butyrate (BHBA) and (D) insulin
among 673 cows receiving supplemental feeding with glycerol (—), propylene glycol (— — —) or
control (") over their first 21 days in milk.

Of all cows in the GLY, PG and C group in Paper I, 50, 48 and 53 cows,
respectively, were diagnosed with one or more of the defined diseases on one
or more occasions between 0 and 90 DIM. There were no significant
differences between control cows and cows treated with GLY (0.58<P<1) or
PG (0.21<P<0.59).

Data on the interval from calving to FLA, FAI and CON for cows across
the treatment groups in Paper II are presented in Table 5.
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Table 5. Distribution of the interval from: calving to first luteal activity (FLA), calving to first
insemination (FAI) and calving to conception (CON) across cows supplemented with glycerol
(GLY), propylene glycol (PG) or supplementation (C) (Paper II).

Interval Group Median 25th 75th
percentile  percentile

Calving- GLY 23 14 61
FLA

PG 22 15 69

C 23 15 58
Calving- GLY 80 50 134
FAI

PG 77 51 128

C 75 49 128
Calving- GLY 102 54 203
CON

PG 107 57 238

C 102 54 239

The Kaplan-Meier graphs of FLA, FAI and CON, where the cumulative
survival was plotted against time after calving, indicated that there were no
major differences in the probability of experiencing these events after calving
depending on supplemental feeding group (Figure 11A-C). At any point in
time, there were no differences in the hazard ratio (HR) of having a FLA
(P=0.55) or conceiving (P=0.49) between group C and either of the other
groups. In other words, the interval from calving to FLA or FAI did not differ
between the groups. Cows in the GLY group tended to have a later FAI than
control cows (HR=0.84, P=0.07). No such difference was seen in the PG group
(HR=0.96, P =0.14).
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Figure 11. Kaplan-Meier survival estimates of the probability of a first luteal activity (A) or first
insemination (B) in cows given supplemental feeding with glycerol (GLY), propylene glycol (PG)
or no supplementation (C).
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Figure 11C. Kaplan-Meier survival estimates of the probability of a conception in cows given
supplemental feeding with glycerol (GLY), propylene glycol (PG) or no supplementation (C).

4.2 Variance decomposition (Paper I)

Overall, the variation in all models was lowest at the level of herd and highest
at the level of cow and residual. For hormones and metabolites, between 47
and 59% of the variation was unexplained error. Of the remaining random
variation, explained variation at the cow level was in general more than twice
that at the herd level.

4.3 Test accuracy of metabolic indicators in predicting
decreased fertility (Paper III)

The median plasma concentration (with values corresponding to the first and
third quartiles in brackets) of NEFA was 278 (174-405) peq./L. The
corresponding concentration of BHBA was 1.0 (0.75-1.51) mM and that of
IGF-197 (67-132) ng/mL.

The investigated cut-off values had either a high Se or a high Sp and the
highest combined Se and Sp were in general only approximately 60%. The cut-
off values for the tests that corresponded to a Sp of approximately 80% are
shown in Table 6.
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Table 6. Cut-off values of plasma concentration of non-esterified fatty acids (NEFA) and p-
hydroxy butyrate (BHBA) with a Sp of approximately 80% when used to predict anoestrus
(ANEST) and delayed first insemination (DFAI) in dairy cows.

Evaluated test Reference Cut-off Se 95% CI Sp 95% CI
standard  value
NEFA ANEST 400 0.45 0.32-0.57 0.79 0.72-0.85
(neq./L)
DFAI 400 0.27 0.21-0.34 0.76 0.71-0.81
BHBA ANEST 1.8 0.30 0.18-0.42 0.80 0.73-0.86
(mM)
DFAI 1.8 0.15 0.10-0.22 0.80 0.75-0.84

Parity was significantly associated with both tests and reference standards. The
estimated Sp of the different tests was higher when the tests were used in cows
of parity one or two, than when used in cows of parity three or older. Breed
was significant only for the BHBA test in the DFAI model, where Sp was
higher when the test was used on SH cows compared with SR cows.

As expected, the prevalence of decreased fertility in the herds affected PV+
and PV-. In herds with a high prevalence of decreased fertility, PV+ was
higher, but still <0.70. PV- was increased in populations with a low prevalence
of decreased fertility.

4.4 Risk factors for decreased fertility (Paper V)

Many of the covariates investigated in Paper IV were found to be significantly
associated with PAI and NINS. The occurrence of disease affected fertility
negatively and cows that had severe claw lesions or displayed a rise in SCC
after calving had a lower probability of PAI and received more NINS than
healthy cows. Other cow-level covariates that were significantly associated
with fertility were breed, parity and calving season. The length of the interval
calving and first Al was significantly associated with fertility. The individual
milk yield at the first test day after calving was also significantly associated
with PAI, but the odds ratio were equal to 1.00.

Among the herd-level variables, a significant interaction of housing and
feeding system was found. There were no differences in measured reproductive
performance between cows kept in a loose-housing system and fed TMR or
PMR compared to cows kept in tie-stalls and fed SEP. Variables representing a
change in system (i.e. from conventional milking to AMS; from conventional
production to organic or from tie-stalls to loose-housing) were significantly
associated with a lower probability of pregnancy at first Al and with receiving
more NINS (not valid for change from conventional to organic) compared with
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cows in an unchanged system. There were no differences in fertility between
cows milked in an AMS compared to cows milked conventionally. Cows in
organically managed herds had a lower probability of PAI and received more
NINS than cows in non-organic herds. The reproductive performance was also
significantly different between some of the regions studied.

There were no significant associations between NINS or PAI and high SCC,
herd size, herd level of production and whether the farm received advanced
feed advice or not.
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5 General Discussion

5.1 Effects of glycerol and propylene glycol

5.1.1 Milk yield

In Paper I, milk yield, measured both in kg and in kg ECM in cows
supplemented with GLY 0-21 DIM increased during the first three months of
lactation compared with cows in the control group. Although differences were
not statistically significant, cows supplemented with PG had a higher yield of
kg milk compared with control cows. When milk yield was measured in kg
ECM no such difference was observed. This might indicate that PG induced a
deprivation of milk fat or protein, as previously reported by Liu et al. (2009).
Because of the uneven doses that were given, it is important to note that the
milk yield results do not necessarily indicate that GLY is ‘better’ than PG. It is
not known if a PG dose corresponding to 20% more energy, as in the GLY
dose, would cause the milk yield to be significantly increased.

The results for supplemental feeding with PG are in agreement with those
of earlier studies where cows supplemented with PG in early lactation showed
unchanged yield or a tendency towards increased yield (Chung et al., 2009a;
Hoedemaker et al., 2004; Juchem et al., 2004). The results from previous
studies of supplementation with GLY in early lactation are conflicting and
have shown unaffected yield (Wang et al., 2009) or a tendency towards lower
milk yield (DeFrain et al., 2004) compared with un supplemented controls.
These conflicting results could derive from the study design used, e.g. the
doses given, whether the substances were top-dressed onto concentrate or
drenched and the physiological status of the animals (see further sections 5.1.2,
5.1.4 and 5.4).

5.1.2 Metabolic status and body condition

The plasma concentrations of glucose, NEFA, BHBA and IGF-1 were not
improved in cows supplemented with GLY or PG (Paper I). However, the lack
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of decrease in plasma metabolites and IGF-1, together with the increased milk
yield in cows given GLY, indicates better metabolic status. In earlier studies,
supplementation with PG generally increased glucose and insulin, and
decreased BHBA and NEFA (reviewed by Nielsen & Ingvartsen, 2004). In
addition, several studies report increased glucose levels during feeding or
drenching with GLY (Wang et al., 2009; Osman et al., 2008; DeFrain et al.,
2004).

In Papers I and II, the substances were fed as a top-dress on concentrates or
on a TMR. Studies comparing methods of delivery (i.e. oral drenches, mixing
with concentrates or in a TMR ) have concluded that the positive metabolic
effects of GLY and PG seem to be dependent upon rapid delivery, i.e.
drenching (Chung et al., 2009b; Linke et al., 2004; Christensen et al., 1997). It
has also been found that the insulin resistance-inducing properties of PG
depend on rapid delivery (Kristensen et al., 2002). Therefore, it is possible that
cows in Papers I and II had lower peak values of glucose and insulin after
supplementation with GLY and PG than if these would have been administered
in a drench, which might have influenced the result. However, the actual
objective of the studies was to investigate the effects of these supplements
under practical conditions using an allocation method that was easy for the
farmer to use and that did not stress the animals.

Cows in Papers I and II supplemented with GLY had a decreased plasma
concentration of insulin during 4-64 DIM which may indicate decreased
metabolic status. However, these cows produced more milk without a
subsequent decrease in reproductive performance and with unaffected
concentrations of glucose, NEFA, BHBA and IGF-1, indicating that they could
cope with the metabolic stress. Reduced DMI has been found to rapidly
decrease insulin and glucose concentrations (Agenés et al., 2003b). In our field
study, DMI was not recorded but no apparent decrease in DMI was reported by
the farmers. In addition, Omazic et al. (2011) found that SR cows given
concentrates that were top-dressed twice daily with crude or refined GLY did
not have decreased DMI, compared with un-supplemented controls. The
importance of the decreased insulin concentrations observed in the GLY cows
remains unknown.

No differences in BCS were found between cows in the different groups
during or in the weeks following the period of supplemental feeding. However,
BCS as a measurement of metabolic status can have poor precision and may
have poor repeatability.
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5.1.3 Fertility

Overall, cows in Paper II did not have improved fertility measured as
probability of luteal activity, first Al or conception, due to the supplemental
feeding. Similarly, Moallem et al. (2007) and Hoedemaker et al. (2004)
observed no effects in early post-partum follicle dynamics and no increase in
luteal activity (defined as a serum progesterone concentration of >3.18 nmol/L)
in cows fed PG compared with controls. To the best of my knowledge, no
study other than Paper II has investigated the effects on early fertility
measurements following supplemental feeding with GLY. An early resumption
of ovarian activity has been positively associated with subsequent pregnancy
(Wathes et al., 2007b) and generally, cows with a less severe NEB have an
earlier resumption of ovarian cyclicity after calving (Butler, 2003). The cows
in Paper II supplemented with GLY increased their milk yield and cows given
PG tended to do the same, which might be one reason for the lack of effect on
resumption of ovarian activity. It is possible that high-yielding cows, when
provided with extra energy, use this for milk lactose synthesis rather than to
decrease lipid mobilisation and improve fertility.

On average, cows in the GLY group were given their first insemination
later than the control cows, although the difference was not statistically
significant. Time to first insemination is dependent on several factors, e.g.
decisions made by the farmer, the cow’s ability to show oestrus and the
farmer’s ability to detect oestrus (i.e. heat detection rate). In general, cows with
a high milk yield have a shorter duration of oestrus than low-yielding cows
(Lopez et al., 2004). As shown in Paper I, cows supplemented with GLY
produced 1.2 kg ECM more per day. However, it is unlikely that this difference
in milk yield is sufficient to affect the heat detection rate or the farmer’s
decision to inseminate or not. The reason for this unexpected tendency for
delayed FAI in cows given GLY remains to be identified.

No differences in the probability of conception were seen between the GLY
group and controls, or the PG group and controls. This agrees with
Hoedemaker et al. (2004), who did not find a shortened interval from calving
until conception in cows supplemented with PG during late pregnancy and
early lactation. On the other hand, Pehrson et al. (1991) found that cows fed
supplements comprising of GLY, calcium propionate, soya and beet pulp
between 40 and 75 DIM had a shorter interval between calving and conception.
Although NEB can extend beyond the first six weeks of lactation (Nielsen &
Ingvartsen, 2004) nadir often occurs at 2-3 weeks post-partum (Butler &
Smith, 1989) and it was therefore decided to feed the supplements during early
lactation in this thesis.
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The later FAI combined with the non-affected time to CON in cows in the
GLY group compared with control cows indicates that cows treated with GLY
conceive more quickly. However, there were no differences in the mean
number of Al per conception between the groups, which indicates that overall
fertility was not improved.

5.1.4 Should Swedish herds use supplemental feeding routinely?

Altogether, feeding dairy cows with GLY and PG during the first 21 DIM
could potentially increase the milk yield during the first 3 months of lactation
without a subsequent decrease in metabolic status or fertility. However, it is
uncertain whether this increase in milk yield is cost-effective.

In Papers I and II, the supplemental feeding with GLY and PG was given to
all cows in the herds, regardless of their physiological status. However,
Ingvartsen (2006) argues that cows in physiological imbalance can derive most
benefit from a preventive measure and that such cows can be identified based
on plasma metabolites and hormones. In Paper I, the herd variable generally
explained less than 19% of the variation in metabolites and hormones, while
the cow variable explained more than twice the variation explained by ‘herd’.
In addition, >90% of the variability in the parameter first-service conception
risk and first service to conception interval in Canadian herds resided in the
individual lactation (i.e. cow-level), and only <10% at the herd level (Dohoo et
al., 2001). This further supports the idea that interventions aiming to increase
metabolic status and fertility should not be applied to all animals in a herd.
Instead, a risk-based approach should be favoured and attention should be
focused on animals in need of extra care.

In recent studies, McArt et al. (2012) found that PG-treated cows with
subclinical ketosis (defined as a BHBA concentration of 1.2 to 2.9 mmol/L)
were 1.3 times more likely to conceive at first insemination than cows with
subclinical ketosis but without PG treatment. In two of the herds included in
that study, the PG-treated cows also showed an increase in milk yield of 1.3—
1.6 kg during the first 30 DIM. Furthermore, it was found in studies on grazing
heifers in New Zealand with a poor BCS at calving, that the interval from
calving to first ovulation was reduced when they were given PG (Chagas ef al.,
2007b). As discussed in Paper I, cows that were included in that study had in
general only a small loss of body condition during the follow-up period, which
indicates minor mobilisation and few cases of severe NEB (Roche et al., 2009).
Therefore, the effect of the supplemental feeds might have differed if cows in
physiological imbalance had been selected for treatment.

In conclusion, the findings presented in this thesis do not support a strategy
involving supplemental feeding to all cows in Swedish dairy herds. However, a
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strategy to treat based on presence of clinical disease at calving, high BCS at
calving (e.g. BCS >3.25-3.5) or indication of e.g. subclinical ketosis could
prove useful.

5.2 Predicting decreased fertility using metabolic indicators

5.2.1 Cut-off values of metabolic indicators in plasma

In Paper 111, the diagnostic abilities of plasma concentrations of NEFA, BHBA
and IGF-1 in predicting decreased fertility were evaluated. Although cut-off
values for this purpose have been proposed earlier (Ospina et al., 2010a), Paper
IIT used an approach that is novel in this context but is commonly used when
diagnostic tests are evaluated.

In general, the highest combined Se and Sp of the tests for ANEST and
DFAI were low. Here, a cut-off value with high Sp was favoured in order to
make the test more practical to use (i.e. fewer animals to treat). The NEFA cut-
off value (400 peq./L) and BHBA cut-off value (1.8 mM) chosen for further
evaluation corresponded to a Sp of approximately 80%. Ospina et al. (2010a)
used a higher NEFA cut-off value of 720 peq./L (serum) when evaluating the
effects of increased fat mobilisation on fertility. However, that threshold was
set with the purpose of predicting displaced abomasum (estimated Se = 0.75
and Sp = 0.61) and no information is available on Se and Sp at this cut-off
value when the test is used to predict decreased fertility (Ospina et al., 2010b).
Chapinal et al. (2011) used a cut-off value in serum concentration of 1000
peq./L NEFA (Se = 0.51 and Sp = 0.80) when attempting to predict displaced
abomasum. It is reasonable for a cut-off value used to predict clinical disease
to be higher than one used to predict decreased fertility. When the NEFA cut-
off value of 1000 peq./L was applied to the study population in Paper III, PV+
for ANEST was slightly better than that for the 400 peq./L cut-off value (data
not shown).

5.2.2 Factors influencing the usefulness of the test

When strata-specific Se and Sp were calculated for explanatory variables that
were significant in the logistic models, Se was higher when the test was used in
cows of higher parity compared with first parity cows. In the NEFA test for
ANEST, Se was nearly twice as high when the test was used for cows of third
parity or older, compared with when it was used in first parity cows. At the
same time, Sp was higher in cows of first parity, than in older cows. Cows of
different parity have different capacity to adapt to metabolic stress (Friggens et
al., 2007) which could be one explanation for the observed different accuracies
of the tests. Breed was significantly associated with only the BHBA test and
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only when testing for DFAI. When plasma concentrations of BHBA and NEFA
are measured and interpreted in the field situation, it may therefore be
advisable to ignore breed but to take parity of the cow into some consideration.

In Paper III, PV+ was below 0.50 for all tests and reference standards. This
indicates that given a positive test and the present prevalence of decreased
fertility, the probability that the animal had decreased fertility was low. Thus,
because there is a large risk of treating the ‘wrong’ animal, this is not a useful
test. The Scandinavian countries have incorporated fertility traits into the
breeding goals for decades (Philipsson & Lindhé, 2003) and although
decreased fertility is considered a problem, the prevalence is relatively low. In
a population with a hypothetical high prevalence of 50%, the PV+ was higher,
but still <0.70. However, the possibility cannot be excluded that this test
system is more useful in other countries where the prevalence of decreased
fertility in general is higher.

The accuracy of tests can be increased by applying parallel testing (i.e. an
animal is considered to be test-positive when it tests positive in one or both
tests), which increases Se, or serial testing (i.e. only animals that test positive
in both tests are considered test-positive), which increases Sp. The usefulness
of the tests investigated in Paper III would probably be increased by being
interpreted in combination. Serial interpretation of milk acetone and milk
lactose measured during the first 4 weeks after calving predicts luteal function
with Se of 84% and Sp of 86% (Reksen et al., 2002). There are several cow-
side tests for measuring BHBA in plasma available on the market, but NEFA
and IGF-1 analyses must still be performed in the laboratory. As costs for
analyses of plasma concentrations of NEFA, BHBA and IGF-1 would be high
when interpreting the test in combination, this was not further evaluated and
reported in Paper III, but could be considered under special circumstances.

Plasma concentrations of metabolic indicators are not constant and change
with DIM. According to Jorritsma et al. (2003), the nadir in NEB occurs
between 2 and 12 days post-partum. Here, some of the variation in the data was
minimised as the period of most severe NEB was included in the sampling
period. It is likely that the test results would have been more accurate if
samples had been taken at the nadir of NEB for each individual cow or at a
more specified time period than during the first three weeks. In addition,
repeated and more frequent sampling could have improved the performance of
the test systems. This has been illustrated in a study by Nielsen et al. (2005),
where BHBA was measured frequently in milk and used in a biological model
to predict clinical ketosis. However, in the present study sampling within 3
weeks was considered realistic, especially for smaller herds where veterinary
visits are prone to occur at longer intervals. The mean herd size in Swedish
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dairy production is 63 milking cows on a yearly basis (Swedish Dairy
Association, 2012) and the material in this thesis reflects the field situation.

5.3 Cows at risk of decreased fertility could be identified using
risk factors

In Paper IV, associations between management, nutrition, housing, cow
factors, and decreased fertility were analysed. Knowledge about such
associations could be used in decisions about when preventive strategies
should be used.

In Paper IV, cows held in a loose-housing system and fed a TMR or PMR
in general did not have a lower fertility than cows kept in tie-stalls and given
SEP feeding, despite concerns about this within the dairy sector. In addition,
the results contradict earlier Swedish studies where cows in herds fed TMR
had longer calving intervals and longer intervals from calving to last Al (Lof et
al., 2007b). However, in a recent risk factor study on cow level by Lof et al.
(2012), the chance of being pregnant 30 days after the herds calculated
voluntary waiting period did not differ between TMR and SEP cows. These
conflicting results indicate that herds fed TMR and PMR as a group are
heterogeneous, and that feeding system and housing alone are probably not
good predictors of fertility.

In Paper IV, organically managed cows had an approximately 25% lower
probability of PAI compared with conventionally managed cows. This
contradicts Lof et al. (2012) who found that the calving interval and interval
from calving to first Al at herd level were shorter in organically managed
herds. Furthermore, Fall et al. (2009) did not find any differences in the
success of pregnancy at first Al between cows in 20 Swedish organic herds and
20 conventionally managed herds. The feeding regime on conventional farms
has slowly moved towards including a higher proportion of home-grown
roughages in the diet without being approved as an organic farm, minimising
the differences between the types of farms.

Cows that calved and were inseminated in herds that were changing from
one system to another (e.g. from tie-stall to loose-housing; from conventional
milking to AMS; or from conventional to organic management) all had a lower
probability of pregnancy at first Al (0.29<OR<0.79) and more inseminations
per animal submitted to Al (1.10<IR<1.14). A change on the farm is likely to
interrupt the normal routines in the herd, resulting in lower heat detection rates
and less cows inseminated in time. The general stress level in the herd may
also be increased, which will affect the cows negatively. Paper IV also
indicates that when routines (e.g. as regards heat detection) become adapted to
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the new system, the reproductive performance of the cows also stabilises.
When planning for a change in herd management, extra time and labour should
be made available in order to prevent a decline in reproduction. Extra attention
should also be paid to cows during the transition period and the subsequent
insemination period, in farms with an ongoing change.

The claw status and lameness of dairy cows is a well-known risk factor for
decreased fertility (Hultgren et al., 2004; Barkema et al., 1994). In Paper IV, a
cow diagnosed with a severe claw lesion had approximately 20% reduced
probability of pregnancy at first Al and received approximately 5% more
inseminations compared with cows without claw lesions. Severe claw lesions
that are painful will reduce cow mobility (Walker et al., 2008) and access to
the feed bunk and consequently reduce intake (Palmer et al., 2012). In a British
study, the incidence of oestrus was not affected by lameness, but lame cows
were mounted less frequently and expressed oestrus of lower intensity (Walker
et al., 2010). Morris et al. (2011) found that 29% of 37 lame cows failed to
express oestrus or to ovulate and that this was associated with lower LH pulse
frequency and lower oestradiol concentrations. Model results in Paper IV also
showed that absence of a claw health record was associated with better
reproductive performance. However, there was insufficient information
available to draw conclusions about this group and a direct causal relationship
is naturally not expected. Based on these results and on the literature, regular
and preventive claw trimming and trimming of acute lame cows should always
be included when strategies aiming for increased fertility are planned.

Cows of the Swedish Red breed had an 18% higher probability than cows
of the Swedish Holstein breed of conceiving at first Al, which is in agreement
with other studies (e.g. Petersson et al., 2006a). However, parity of the cow
seemed to influence reproductive performance in different ways. Based on the
results in Paper IV, cows in parity two and older received more inseminations
per animal submitted to Al than cows in parity one. However, the cows in
parity two and older were more likely to conceive at FAI than first parity cows.
This somewhat conflicting result might indicate that first parity cows
conceived to a lesser extent, and that the older cows were given more chances
(i.e. more inseminations) than younger cows. In practice, strategies with the
aim of improving reproductive performance, e.g. intensified heat detection,
could be applied especially to cows of SH breed.

In Paper IV, cows calving during the spring had a 19% lower probability of
pregnancy at FAI than cows calving during the winter. Furthermore, spring-
calving cows had higher NINS than winter-calving cows. This seasonal effect
confirms findings by Lof er al. (2012). Cows calving during the spring are
inseminated during the subsequent summer when, due to the national
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legislation, they are on pasture for 3 months (as a minimum). Thus decreased
heat detection efficiency during the pasture period could have resulted in
decreased reproductive performance. In addition, the temperature in Sweden
can exceed 25°C during the summer, which may cause heat stress and thus an
increased interval from calving to conception in high-yielding cows (De Rensis
& Scaramuzzi, 2003). The reproductive performance in cows inseminated at
pasture during summer could be increased by the use of heat detection devices
(e.g. mounting detectors) and also by providing cows with shade during hot,
sunny summer days.

Cows that displayed a rise in SCC after calving had half the probability of
PAI of their counterparts, although having high cell counts per se was not
associated with the fertility of cows. These findings on the effect of a rise in
SCC confirm those of Lavon et al. (2011) and Hudson et al. (2012). Many of
the cows that went from low to high SCC could have been suffering either
clinical or sub-clinical mastitis. There are several possible links between
increased SCC and reduced reproductive performance. It has been shown that
herds with a high incidence of mastitis also have a high metabolic stress
(Holtenius et al., 2004), thus increasing the risk of severe NEB and subsequent
decreased fertility. Furhtermore, cows with clinical mastitis show decreased
LH pulsatility, absent LH surge and reduced signs of oestrus (Hockett et al.,
2005). Ultimately, it is likely that a management system that supports udder
health will also lead to better reproductive performance.

In conclusion, based on Paper IV and on the literature, preventive measures
should be focused on cows with increased SCC after calving, cows with severe
claw lesions and cows calving during spring with the subsequent insemination
period at pasture. Attention should also be paid to cows having their
reproductive period during a change in housing, milking system or production
type. Even if loose-housing per se was not found to be associated negatively
with fertility, the risk of increased SCC and severe claw lesions may be
increased in that type of housing (Hovinen et al., 2009; Bergsten & Herlin,
1996). Preventive and regular claw trimming, as well as a structured approach
to prevent increases in SCC, should thus be included in fertility programmes.

5.4 Methodological considerations

5.4.1 Field study versus experimental study

In three of four studies in this thesis, a field study design was used. In Papers I
and II the effects of supplemental feeding with GLY and PG were evaluated in
a total of 17 commercial dairy herds. Previous studies on nutritional
interventions have usually been made in experimental research herds. Such
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herds have a well-controlled environment and management, which reduces the
amount of non-controlled variation in the data and more truly shows the effect
of the intervention. Research herds also have specially trained staff for use in
applying measures and documentation of procedures. The field study design,
on the other hand, offers an opportunity to evaluate the intervention under
practical conditions and under the influence of a variety of management
factors. If a difference between the supplemented cows and the control group is
detected only in the research herd and not in the field situation, this could
indicate that the supplement may not be applicable to all types of herds and to
all type of cows. Therefore, field studies and studies in experimental herds will
always complement each other.

In Papers I and II, the field design was chosen because the investigation of
effects on fertility called for a large number of cows to be monitored for a long
period. It was also of interest to evaluate how much the data varied between
cows and herds, something that is only possible with a field design. Finally, it
was of great interest to evaluate the supplemental feeds under practical on-farm
conditions.

When data are collected from several herds, the clustering effect of herd
must be considered. This was done by adding herd as a random effect in the
models used in Papers I, III and IV and herd as a shared frailty term in the
survival models in Paper II.

Due to the field design chosen, some factors were not possible to measure
or use, even if they would have been advantageous for the studies. Firstly, no
positive control (i.e. grain or other concentrate of similar energy content) was
used. Therefore, based on the results presented, the possibility cannot be ruled
out that a supply of concentrates with equivalent energy content to GLY or PG
would induce the same effect. Secondly, there was no possibility to measure
the DMI of the cows and the study had to rely on the subjective opinions of
farmers. In addition, the energy balance of the individual cows could not be
measured because it is not known whether cows stole feed from each other and
feed refusals were not weighed.

5.4.2 Measuring metabolic status

In this thesis, metabolic status was estimated using plasma concentrations of
glucose, NEFA, BHBA, insulin and IGF-1. In Paper I, cows were sampled
three times at three weeks apart during 0-63 DIM, but only samples taken from
4 DIM were included in the analyses to minimise the effects of calving. The
recorded NEFA and insulin profiles across all cows were in agreement with
those in a previous study of Swedish dairy cows (Fall et al., 2008), indicating
that the long intervals between samplings did not affect the results. However,
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the BHBA profile recorded in study I was surprisingly flat. In general, BHBA
concentrations are elevated during the first 6 weeks post-partum (Ingvartsen et
al., 2003) with a peak 1-2 weeks after calving. It is therefore reasonable to
believe that the BHBA curve, and thus the results of Paper I, would have been
different if samples had been taken more often in the beginning of the sampling
period.

5.4.3 Sampling in relation to allocation

In Papers I and II, the supplemental feeding with GLY and PG was given
during morning and evening feeding. The samples were mainly taken during
late morning although, due to practical reasons, some farms were visited during
the afternoon. Time of sampling in relation to administration of the substance
may influence the result of the metabolite or hormone measured (e.g. a rise in
insulin and glucose concentration commonly occurs 90 minutes after drenching
with PG (Rizos et al., 2008; Butler et al., 2006; Miyoshi et al., 2001). It is
likely that cows sampled at midday or in the afternoon had lower plasma
concentrations of glucose and insulin (i.e. lower metabolic status) than cows
sampled at a morning visit. This might have affected the results of the study.
However, cows from all treatment groups within one farm were sampled at the
same time of day and therefore the bias due to differential misclassification
would have been reduced

5.4.4 Measures of reproductive performance

Several indicators of reproductive performance were used in the Papers II-IV
in this thesis, namely FLA, FAI, CON (all hazards), PAI (a probability) and
NINS (a count), as well as the indicators of decreased fertility; ANEST, DFAI
and DCON (dichotomous indicators).

Luteal activity, which is an objective measure of fertility, was measured
using milk progesterone measurements, and FLA after calving was defined as
the first rise in milk progesterone above 4 ng/mL (Friggens et al., 2008). In
Papers II and III the farmers were instructed to collect milk samples twice
weekly, ie. at 3-4 day intervals. However, the sampling intervals were
sometimes accidently prolonged. Samples taken 2-3 times per week have been
shown to have high accuracy in detecting delayed cyclicity (Petersson et al.,
2008), but in order not to lose too many observations, only cows with samples
that were taken at longer intervals than 7 days were excluded from analyses
here. The progesterone cut-off value and the sampling interval may have led to
the percentage of cycling cows being underestimated in our material. In Paper
II this potential underestimation would have been evenly distributed among the
supplemental groups and it is therefore unlikely that it influenced the result. In
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Paper III, the results might have been affected if a cow was classified as
ANEST, but in reality had cycled undetected earlier.

FLA, FAI and CON are conventionally used as interval measurements
indicating the time interval from calving to respective event. As mentioned
before, these interval measures and other measures are highly dependent on
management decisions and time after calving at which the cow is inseminated.
In Paper IV, the objectivity of the indicator PAI was increased by adjusting for
CFI. In Paper II, the intervals were analysed as hazards of the event using
survival analysis. In that type of analysis, cows that cycled or not cycled were
both included, which is a strength.

Number of inseminations per animals submitted for Al is an indicator
commonly used in the Swedish dairy industry (H. Gustafsson, Swedish Dairy
Association, pers. comm., 2012). It is important to emphasise that this indicator
also includes animals that do not conceive or are slaughtered or just remain not
pregnant throughout the lactation. Besides actual reproductive performance,
NINS is also largely able to describe the farmers’ personal intents, level of
ambition and persistence in trying to get cows pregnant.

When validating a test, the gold standard (or reference standard) is used to
classify the animal in its true status (Greiner & Gardner, 2000). In Paper III,
the cut-off values were evaluated against ANEST, DFAI and DCON as the
gold standards of decreased fertility. The definitions were subjectively made
using the DIM corresponding to the 75th percentile in the study population.
However, with the general aim of achieving one calving per cow and year, the
limit of ANEST at 36 days, DFAI at 96 days and DCON at 145 days is
reasonable. The 75th percentile of FAI and CON in all herds with 45-105
calving cows per year registered within SOMRS corresponded to 102 and 143
days (Swedish Dairy Association, 2009), in comparison with 96 and 145 in this
thesis. Anoestrus is not routinely recorded within SOMRS, but Peterson et al.
(2006) reported that 16% of cows had not started the cycle at 56 DIM. In this
thesis cows were not followed as far as 56 DIM, but 27% were not cycling at
36 DIM.
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6 Main conclusions and recommendations

Based on the results in Papers I-IV and the analysis presented in this thesis, the
following conclusions were drawn:

» Supplemental feeding with glycerol or propylene glycol during early
lactation can increase milk yield during the first 90 days after calving,
without a subsequent decrease in metabolic status, body condition or
decreased fertility.

» Supplemental feeding in early lactation with GLY or PG did not affect the
metabolic status, body condition or fertility (measured as the onset of
cyclicity and time to FAI or CON) of dairy cows.

> Metabolites and hormones related to metabolic status vary approximately
twice as much at the cow level compared with what is explained at herd
level. This implies that preventive strategies should primarily be applied on
the cow level.

» Test performance is generally low for a single measurement of plasma
NEFA, BHBA or IGF-1 collected 4-21 DIM in predicting decreased
fertility. Test performance could be improved in herds with a high
prevalence of decreased fertility. Parity number should be taken into
account when interpreting test results.

» Important cow-level predictors of fertility are severe claw lesions or a rise
in SCC between two monthly test days. Strategies for improved fertility
should therefore also include regular claw trimmings and other measures to
prevent claw lesions, and measures aimed at preventing mastitis and
increased SCC.

» Cows experiencing a change in their housing, management or milking
system have a considerably increased risk of decreased fertility. This is
important information for farmers planning to change their production, who
should provide extra facilities during such a period.
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7/ Future research and development

The housing systems and techniques used in the dairy industry are
continuously developing. At the same time, the genetic potential for high yields
is increasing in the dairy cow, leading to a larger impact of stressors such as
negative energy balance at the time around calving. An increased focus on the
transition period is therefore needed in the management of dairy cows.

» Little is known about how Swedish cows actually cope with the metabolic
stress during the transition period and how this affects their subsequent
lactation, health and reproductive performance. Further evaluation of the
transition period could involve studies of the fat to protein ratio (Heuer et
al., 2000), the Transition Cow Index™ (Nordlund, 2006), and repeated
measurements of BHBA based on data from herds using Herd Navigator™
(DeLaval International AB, Tumba, Sweden).

» This thesis focused on metabolites measured after calving. However, since
the NEB period can start already during the dry period (Ingvartsen, 2000)
future studies should also evaluate methods for identifying cows at risk of
severe NEB and decreased fertility before calving.

» Studies have shown that cows diagnosed with subclinical ketosis or metritis
after calving have a significantly decreased DMI, shorter feeding time and a
different pattern of social behaviours than healthy cows (Goldhawk et al.,
2009; Huzzey et al., 2007). There is thus a need to further evaluate if and
how behavioural indicators could be used in Swedish herds to identify cows
with the need of special attention.

» Feeding systems and feed ingredients differ between herds and little is

known about how this actually affects reproductive performance and health
at the herd level. This needs to be further investigated.
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60

Results from this thesis indicate that changing housing, milking system or
production type on the farms have a negative effect on fertility. However,
the study was not designed to investigate this specific issue. To study the
effects of such changes in more detail, a longitudinal study where herds are
monitored before, during and after change could be useful

There is a need for evaluation of Swedish claw trimming data. Even though
most cows are probably trimmed at least once a year, a high proportion of
herds do not record claw status routinely. Thus claw trimmers and farmers
need to be encouraged to routinely record claw status. When claw trimming
data become more frequent and reliable, they can be used to further
evaluate the relationships between fertility, claw health and negative energy
balance in dairy cows.



8 Popularvetenskaplig sammanfattning

Associationen mellan energistatus, produktion och
reproduktion hos mjolkkor. Att forebygga och att
upptacka kor som riskerar nedsatt fruktsamhet

8.1 Bakgrund

Nedsatt fruktsamhet hos mj6lkkor &r kostsamt och kor som haft problem med
att bli dréktiga slaktas ofta i fortid. Under de senaste 20 aren har mjolkkornas
fruktsamhet forsdmrats runt om i virlden. Detta har setts dven 1 Sverige, bland
annat genom att det tar lingre tid for en ko att bli dréktig idag &n for 20 ar
sedan. Man vet inte riktigt varfor fruktsamheten har forsdmrats men nagra
orsaker kan vara att kornas mjolkavkastning har ©kat kraftigt och att
besittningarna blivit allt storre och anvénder fler tekniska hjalpmedel.

Mjélken innehaller mjolksocker (laktos) och for att bilda det behdver kon
mycket energi. Innan kon kalvar sjunker hennes foderintag naturligt. Efter
kalvningen Okar visserligen foderintaget men inte i samma takt som
energibehovet for mjolkproduktionen. Som ett resultat far de flesta kor vid
kalvningen ett energiunderskott, det vill sédga en negativ energibalans. Kon kan
till viss del kompensera for den negativa energibalansen genom att bilda socker
via nedbrytning av kroppsfett och muskler. Vid kraftig nedbrytning av
kroppsfett klarar inte levern av att ta hand om alla restprodukter fran blodet.
Det kan leda till att dessa kor i hogre grad drabbas av sjukdomar, nedsatt
fruktsamhet och minskad mjolkproduktion. Kor med kraftig negativ
energibalans har lingre tid fran kalvning till forsta dgglossning och de har
svarare att bli dréktiga dn kor som har en liten negativ energibalans.

Att forebygga negativ energibalans och den nedsatta fruktsamhet som den
kan leda till, krdver metoder som ar effektiva, enkla och billiga. Glycerol och
propylenglykol har sedan 50-talet anvénts som tillskott till kor med s& kallad
foderleda (upphord matlust, acetonemi) som de fatt till foljd av en stor negativ
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energibalans. Manga studier har visat att en stotdos (dvs att hdlla i kon
preparatet genom munnen med slang eller flaska) dkar blodsocker-halten och
minskar fettnedbrytningen. Teoretiskt sett borde en dkad blodsocker-halt och
minskad fettnedbrytning forbattra kons fruktsamhet, men endast sma och
osikra effekter har rapporterats fran tidigare studier.

Det finns nu studier som tyder pa att det kan vara effektivare att ge de kor
som har storst behov ett tillskott av glycerol eller propylenglykol, istéllet for att
ge det till alla kor i beséttningen. Ett sitt att hitta kor med behov av tillskott
skulle kunna vara att méita kornas energibalans genom analys av halten
restprodukter fran fettnedbrytningen i ett blodprov. For att ett sédant blodprov
skall vara anvéndbart behover valet av grinsvérde for att testet skall anses visa
pa okad risk for det man vill undersoka (till exempel sjukdom eller nedsatt
fruktsamhet) utvirderas noggrant.

8.2 Sammanfattningar av studier och resultat

I studie I och II utvirderades effekten av tillskottutfodring av kor med 450 g
glycerol eller 300 g propylenglykol jamfort med inget tillskott (kontrollgrupp)
under 0-21 dagar efter kalvning pd mj6lkproduktion, energibalans och
fruktsamhet. Hos 798 kor i 17 vistsvenska besittningar f6ljdes fruktsamheten
med hjdlp av data fran Kokontrollen. Hos 308 kor i 7 av dessa besittningar
mittes halten av progesteron i mjolk for att bestimma nér forsta dgglossning
skett. Hos 673 kor i 12 av beséttningarna bestdmdes energibalansen genom
blodprov med upprepade métning av blodsocker, hormoner (insulin och IGF-1)
samt restprodukter fran fettnedbrytning (NEFA och BHBA). Dessutom miittes
hull och brostomfang och data for mjolkproduktion hémtades frén
Kokontrollen. Data analyserades statistiskt med s& kallade linjira mixade
regressionsmodeller for att kunna ta hinsyn till olika faktorer som kan paverka
resultaten.

Kor som tillskottsutfodrats med glycerol producerade med statistisk
sikerhet 1 kg mer mjolk per dag under de forsta 90 dagar efter kalvningen.
Aven hos kor som tillskottsutfodrades med propylenglykol sigs en forbittring
av mjolkproduktionen men denna skillnad var inte statistiskt siker. Kor som
tillskottutfodrades med glycerol hade négot ldgre insulinnivéer i blodet men i
ovrigt sdgs inga skillnader i energibalans mellan grupperna.
Tillskottsutfodringen paverkade inte hur mycket hull och brostomfing som
korna tappade efter kalvnigen. Kor som fatt tillskott med glycerol eller
propylenglykol hade inte battre fruktsamhet, dn kor som inte fatt nagot tillskott
alls. Sammanfattningsvis s& medforde Okningen i mj6lkproduktion ingen
samtidig nedgang i energibalans eller minskning av fruktsamhet. Resultaten
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tyder pa att kor som fick tillskottsutfodring lade den extra energin pa en 6kad
mjolkproduktion snarare 4n pa att forbéttra sin energibalans eller sin
fruktsamhet.

I studie III undersoktes hur vil ett enskilt blodprov taget inom 3 veckor
efter kalvningen kan forutsdga om kon riskerar att fa nedsatt fruktsamhet eller
inte. I denna studie anvindes blodprov fran 480 kor fran 12 beséttningar samt
241 progesteronprov fran 7 beséttningar. Studien utvirderade hur vél olika
gransvirden av NEFA, BHBA eller IGF-1 korrekt klassar en ko som sjuk”
eller ”frisk”. Generellt var det stor sannolikhet att felaktigt klassa en ko med
Okad risk for nedsatt fruktsamhet som “frisk” och anvdndbarheten var dérfor
generellt lag.

I studie IV samlades data 6ver ko-faktorer (sdsom ras, laktationsnummer,
mjolkavkastning, sjukdomsforekomst och fruktsamhet) samt besittningsdata
(sdsom Dbesittningsstorlek och avkastning, vilken husdjursférening som
beséttningen tillhdrde, om korna mjolkades med robot eller ”péd vanligt sétt”
samt om korna holls i 16sdrift eller i ett uppbundet system). Data himtades fran
Kokontrollen for alla kor som kalvade mellan 1 mars 2010 och 28 februari
2011 1 beséttningar som hade fler &n 60 mjolkande kor. Dessutom skickades en
enkdt till landets husdjursféreningar for att samla information om
besdttningarna blandade ensilage och kraftfoder helt och héllet (fullfoder),
blandade till viss del (blandfoder) eller om de fodrade ensilage och kraftfoder
helt skilt fran varandra (individuell utfodring). Totalt ingick 759 beséttningar
och 63561 kor i studien. Sambandet mellan de olika riskfaktorerna och
sannolikheten att kon blir driktig pa fOrsta inseminationen eller antalet
inseminationer per ko utvirderades med olika statistiska metoder.

I korthet hade kor av den svenska roda rasen béttre fruktsamhet &n svenska
Holsteinkor (svart-vita). Kor som hélls i 16sdrift och utfodrades med fullfoder
eller blandfoder hade inte bittre fruktsamhet jimfort med kor som holls i
uppbundna stall och utfodrades individuellt. Kor som mjolkades med robot
hade inte sdmre fruktsamhet &n kor som mjolkades pa annat sitt. Dock hade
ekologiska KRAV-anslutna beséttningar nagot simre fruktsamhet dn kor i icke
KRAV-anslutna besittningar. Kor som kalvade och seminerades under en
period da garden fordndrades, dvs bytte system fran uppbundet till 16sdrift, fran
konventionell mjdlkning till robot eller frdn konventionell produktion till
KRAV-anslutning, hade alla simre fruktsamhet under den aktuella perioden.
Slutligen, kor med kraftiga klovskador eller kor som gatt fran lagt till hogt
celltal under tiden efter kalvning hade kraftigt nedsatt fruktsamhet.
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8.3 Slutsatser och rekommendationer

Tillskottsutfodring med  glycerol eller propylenglykol kan &ka
mjolkavkastningen utan att korna samtidigt fir en sénkt energibalans eller
sinkt fruktsamhet. Det ar dock tveksamt om den dkade mjolkméngden medfor
nagra ekonomiska vinster da kostnaden for sjélva tillskottet samt det dkade
arbetet med att ge preparatet jaimfors med den 6kade mjolkinkomsten.

Energibalansen varierar mer mellan enskilda kor &n mellan besdttningar.
Detta tyder pa att forebyggande atgérder, till exempel tillskottsutfodring, kan fa
storre effekt om man ger det till kor med sérskilda behov istéllet for att som héar
ge det till alla kor 1 en beséttning.

Man kan inte med ett enskilt blodprov taget tidigt i laktation forutsdga kons
risk for nedsatt fruktsamhet vilket gor att ett sddant test har 1ag anvéndbarhet.
Déremot ar det inte uteslutet att flera prover som tas i foljd och tolkas
tillsammans kan anvéndas for testning av kor 1 beséttningar med stora problem.
Om kons édlder dessutom tas i beaktande kan anvéndbarheten pa testet oka.

Det ar viktigt att forebygga klovskador genom regelbunden verkning och att
forebygga juverinflammation efter kalvningen. Forekomsten av dessa
sjukdomar har stor inverkan pa fruktsamheten hos kon och étgirder for att
minska dessa storningar minskar bade djurlidande och mj6lkproduktionen samt
forbéttrar fruktsamheten.

Generellt stors inte fruktsamheten i beséttningarna av nya tekniker och
inhysningssystem ndr de nya rutinerna védl “har satt sig”. Det &r ddremot
mycket viktigt att djurdgare &r beredda att investera extra tid for att hinna med
att bade skota djurhélsa och fruktsamhet forutom det extra arbete som det
innebér att bygga om pa garden.
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