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Prenatal programming of later performance in dairy cattle
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ABSTRACT

Prenatal programming refers to the fact that insults during pre- and early postnatal life
can have long-term consequences on the health and performance. In diary cattle, physiological
conditions, such as maternal body growth, milk yield and parity, and environmental conditions
during gestation can create a suboptimal environment for the developing fetus. As a consequence,
adaptations of the placental and newborn phenotype take place. In addition, potential long-term
effects of prenatal programming influence body growth, fertility, milk yield and longevity in
dairy cows. These results suggest that the current management systems may pose a risk for the
long-term health and performance of dairy cattle. Hence, in management practices, all pre- and
postnatal aspects should carefully be considered in order to raise healthier and more productive
dairy cows.

SAMENVATTING

Prenatale programmering verwijst naar het feit dat invloeden tijdens het pre- en vroeg-postnatale
leven gevolgen kunnen hebben voor de gezondheid en de prestaties op lange termijn. Fysiologische
processen bij melkvee, zoals maternale groei, melkgift en pariteit, en omgevingsinvloeden tijdens de
dracht kunnen een suboptimale omgeving creéren voor de zich ontwikkelende foetus. Deze resulteren
in fenotypische aanpassingen van de placenta en van het pasgeboren kalf. Bovendien kan prenatale
programmering op lange termijn een effect hebben op de groei, de vruchtbaarheid, de melkgift en de
levensduur van melkkoeien. Deze resultaten suggereren dat de huidige managementsystemen een risico
kunnen vormen voor de gezondheid en prestaties van melkvee op lange termijn. Daarom moeten de
managementpraktijken alle pre- en postnatale aspecten zorgvuldig in overweging nemen om gezondere
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en productievere melkkoeien te fokken.

INTRODUCTION

The primary goal of a dairy farmer is to have his
cows produce as much milk as possible, without ha-
ving disastrous effects on their fertility, health and
longevity. In the early 1900s, the first steps were taken
to increase productivity in dairy cows by recording
the milk yields of cows and registering pedigrees.
The primary aim was to breed towards genetically
improved livestock. Since then, a rapid evolution in
genetic selection towards high milk yield has taken
place (Weigel et al., 2017). However, heifers with a
genetic potential for high milk yield do not always
turn out to be the highest yielding cows, as the phe-
notype is a result of both genotype and environment.
Hence, the impact of management on the performance

of cows has gained interest. In this respect, more and
more attention has been paid to rearing strategies, to
enable genetically valuable heifers to live up to the
expectations. Recently, studies have demonstrated that
the prenatal life of calves is important, as prenatal
conditions can play a role in the ‘developmental pro-
gramming’ of later health and performance (Astiz et
al., 2014; Pinedo and De Vries, 2017).
‘Developmental programming’ refers to the fact
that insults during early life can cause specific adap-
tations in the tissues and metabolism of an organism,
which ‘program’ its further growth and development.
However, the specific physiological outcome is deter-
mined by the timing, duration and exact nature of the
insult (Bertram and Hanson, 2001). Environmental
factors are believed to have a larger impact when they
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take place during critical stages of early development,
such as the prenatal and pre-weaning period. Especi-
ally prenatal challenges and their effect on fetal de-
velopment have been studied, usually referred to as
‘intrauterine programming’ (Fowden et al., 2006a).

PRENATAL PROGRAMMING IN HUMANS

In humans, many findings on intrauterine program-
ming originate from records during the Dutch hunger
winter of 1944-1945. A German blockade in the Ne-
therlands cut off food supplies, causing famine in a
previously well-nourished population. As women con-
tinued to conceive and give birth during the famine,
the effects of maternal undernutrition during different
stages of pregnancy could be studied in their offspring
(Roseboom et al., 2011b). Initially, direct effects of
prenatal undernutrition were observed: newborn ba-
bies were born unusually small and were presented
with an increased insulin sensitivity (Bazaes et al.,
2003; Roseboom et al., 2011a). These phenotypic alte-
rations are the result of an ‘intrauterine growth restric-
tion’ (IUGR) (Stein et al., 1995; Painter et al., 2005).
By lowering its metabolic rate and overall growth, the
fetus attempts to enhance its survival during periods
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of prenatal undernutrition (Kwon and Kim, 2017).
Later studies, however, revealed potentially negative
consequences of these adaptations on the longer term
(Figurel). The high insulin sensitivity in small infants
is often associated with an accelerated postnatal body
growth, referred to as ‘catch-up growth’ (Gafni and
Baron, 2000; Ibanez et al., 2006), but also results in
early obesity and peripheral insulin resistance (Soto et
al., 2003; Ibanez et al., 2006). Hence, [IUGR has been
linked with an increased risk of diabetes during later
life, but also other health problems like elevated blood
pressure, cardiovascular disease and even reproductive
disorders (Ibafiez et al., 1998; Roseboom et al., 2001;
Ibanez et al., 2008; Mericq et al., 2017). The afore-
mentioned findings have led to the ‘Developmental
Origin of Health and Disease (DOHaD)’ hypothesis
(Hales et al., 1991), stating that besides genotype, the
prenatal and early postnatal environment influences
the development of chronic diseases.

More recently, studies in human medicine have
shown other prenatal factors — besides maternal nutri-
tion — to affect the performance of the offspring. Gene-
rally, prenatal exposure to any condition or challenge
that may impact the physical integrity and survival of
living organisms — also called ‘stress’ — can induce an
adverse intrauterine environment, with implications in
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Figure 1. Causes and consequences of developmental programming in humans.
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terms of developmental programming (Entringer et al.,
2010). In addition to maternal nutrition and physical
health, maternal lifestyle, i.e. exercise level, smoking
and alcohol consumption, and mental health during
pregnancy have been demonstrated to be important for
the offspring’s health (Syme et al., 2010; Lewis et al.,
2015; Mourtakos et al., 2015; Godfrey et al., 2017). Fi-
nally, environmental factors have been demonstrated
to contribute to the process of developmental program-
ming. Multiple studies have shown an effect of birth
month on disease risk (Vassallo et al., 2010; Ambrosi
et al., 2012) and longevity (Flouris et al., 2009; Ga-
vrilov and Gavrilova, 2011), with most researchers
agreeing on the fact that people born during autumn
have an advantage.

PRENATAL PROGRAMMING IN DAIRY
CATTLE

In dairy cows, the optimization of management
systems has resulted in an enormous evolution in milk
yield during the last fifty years. A lot of attention
has been paid to feeding strategies, providing cows
with high quality roughages and well-balanced rati-
ons. Hence, undernutrition — defined as not having
enough food — is a rare or even non-existing phe-
nomenon in modern dairy cattle. However, current
management systems do impose a challenge for fetal
development. Dairy farmers breed their young stock
at a young age in order to have a first calf at a maxi-
mum of 24 months. Subsequently, cows are expected
to calve at intervals no longer than 385 to 400 days.
This implies dairy cows to be rather atypical because
they have to manage the compatibility of (early) ge-
station with continued growth or the production of
large quantities of milk. Continued growth and the
synthesis and secretion of milk are known to be highly
demanding in terms of nutrient needs. Hence, rather
than being an absolute shortage of energy substrates
per se, this metabolic priority for growth and lactation
might generate adverse conditions for the unborn calf,
with potential long-term consequences on its postnatal
health, performance and longevity.

Continued growth in nulliparous heifers

To assure a high level of milk production, heifers
should be raised to weigh 350-375 kg at 15 months
of age, the age at which they should become preg-
nant in order to allow calving at 24 months (Wathes
et al., 2014). As heifers have only reached 55% of
their mature size at that time, a large part of their
body growth takes place during their first gestation
(NRC, 2001). Hence, the normal hierarchy of nutrient
partitioning between maternal body growth and fetal
growth may be altered (Wallace et al., 2006). In sheep,
for example, there is a general consensus that overnu-
trition during gestation in adolescent ewes gives rise
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to a lighter progeny, while the dam generally experi-
ences a significant increase in body condition. In this
paradigm, rapid maternal growth results in placental
growth restriction and often premature delivery of
low birth weight lambs (Wallace et al., 2006). As
dairy farmers are currently stimulated to maximize
daily growth in their young stock, the rapid growth in
pregnant dairy heifers is believed to create a similar
condition as in adolescent sheep, with consequences
for the developing placenta and fetus.

High milk yield in multiparous cows

In multiparous cows, heavily selected for milk pro-
duction, the lactating mammary gland has a much
higher requirement for nutrients than the gravid uterus
(Bauman and Currie, 1980). Hence, lactation during
gestation leads to a significant ‘loss’ of nutrients (like
proteins and glucose) for the fetus, because these are
diverted towards the udder instead of the gravid ute-
rus. Kamal et al. (2014) described that dairy cows, on
average, produce 6,193 kg milk during their 278-day
gestation. This implies that the calf developing in utero
in the lactating cow, ‘misses’ in total 446 kg glucose
(on average 72 g glucose per kg milk produced) and
217 kg proteins compared with a calf developing in a
non-lactating dam. However, high milk production per
se is not expected to be the only cause of negative ef-
fects on the developing fetus. The actual energy status
of the dam, being the final result of the cow’s body
condition score, level of dry matter intake and milk
production, might even be a more important influen-
cing factor (Senosy et al., 2012; Kamal et al., 2014).

CONSEQUENCES OF PRENATAL PRO-
GRAMMING IN DAIRY CATTLE

Recent studies have described both short- and long-
term effects of prenatal programming in dairy cattle,
which are elaborated below.

Placenta and newborn calf

In placental mammals, a functional placenta is cru-
cial for the development of the fetus, as it is the organ
through which respiratory gases, nutrients and wastes
are exchanged between the maternal and fetal systems.
In ruminants, a cotyledonary placenta is seen. The
fetal placenta attaches to discrete sites on the uterine
wall (called caruncles) via chorionic villi in areas ter-
med cotyledons. The caruncular—cotyledonary unit
is called a placentome and is the primary functional
area of physiological exchange between mother and
fetus (Vonnahme et al., 2007; Funston et al., 2010).
Placental development responds to both fetal signals
of nutrient demand and maternal signals of nutrient
availability and, by adapting its phenotype, can regu-
late the distribution of available resources (Fowden et
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al., 2006b; Fowden and Moore, 2012). In a previous
study by the authors on fetal membranes in Holstein
Friesian (HF) and Belgian Blue (BB) cattle, parity
of the dam and birth season were revealed to affect
the placental phenotype (Van Eetvelde et al., 2016).
More specifically, two adaptive mechanisms are seen,
1. e. an increase in number of cotyledons (in growing
BB dams) and an increase in cotyledonary surface (in
lactating HF cows and summer placentas). Studies
in sheep have shown similar results, with a larger
cotyledon number (Heasman et al., 1999) and an in-
creasing proportion of fetal tissue (Steyn et al., 2001)
in placentas of nutrient-restricted ewes. This indicates
that maternal body growth, maternal milk yield and
high ambient temperatures create a ‘stress’-situation
for the developing conceptus, comparable to nutrient
restriction. As a consequence, the placenta adapts its
phenotype in order to maintain fetal growth (Steyn et
al., 2001).

Along with the placental adaptations, prenatal
influencers have been shown to induce phenotypic
adaptations in newborn dairy calves. High ambient
temperatures and high maternal milk yield during
gestation have been associated with a reduced birth
weight (Kamal et al., 2014). In dairy cattle, low birth
weights have been described to be one of the risk
factors for an increased incidence of unexplained still-
birth (Berglund et al., 2003; Windeyer et al., 2014).
Hence, calves born during hotter months and/or born
out of high-yielding cows might be at a higher risk for
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early morbidity and mortality. Moreover, shorter dry
periods have also been associated with the birth of
smaller calves (Kamal et al., 2014). This indicates that
especially in cows selected for great milk yield and
high persistency — resulting in a shorter dry period — a
further negative effect on the developing fetus is ex-
pected, with potential repercussions for their survival
and health. In addition to the reduced birth weights, lo-
wer insulin levels are seen in calves born during sum-
mer, indicating an increased insulin sensitivity (Kamal
et al., 2015; Van Eetvelde et al. 2017). Furthermore,
the insulin levels at birth have been shown to be ne-
gatively associated with ambient temperatures at the
end of gestation (Van Eetvelde et al., 2017) (Figure 2).
Similar results have also been described in crossbree-
ding studies in horses. While ‘restricted’ foals have
lower insulin levels, higher insulin levels are seen in
‘overgrown’ foals (Forhead et al., 2004; Peugnet et
al., 2014).

Hence, it can concluded that challenges in terms of
nutrient supply to the fetus (increase or decrease) lead
to adaptations not only to the placenta but also to the
phenotype of the neonatus and its metabolism. Ho-
wever, the underlying mechanism of these metabolic
alterations remains largely unknown. Furthermore, es-
pecially in cattle and horses, it is not clear yet whether
and how these metabolic adaptations persist in later
life and could be responsible for adverse outcomes on
the long term.
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Figure 2. Relation between glucose and insulin levels and the environmental temperature at birth. The left axis
presents the average glucose (mMol/L) and insulin (mU/L) levels of the calves by the month of birth. On the right
axis, the average ambient temperature at the birth month is shown. Despite similar glucose concentrations, insulin
concentrations were significantly negatively correlated with temperature at birth (Van Eetvelde et al., 2017).
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Catch-up growth, adiposity and fertility

While body growth in calves is largely depen-
dent on the feeding strategy, it is also related to birth
weight. When fed a conventional limited diet, a mo-
derate growth rate of calves (independent of the cal-
ves’ birth weight) has been described, preventing
low-weight calves to catch-up with their high-weight
counterparts (Swali and Wathes, 2006; Brickell et al.,
2009b). However, when ad-libitum feeding is applied,
a significant increase in body weight is seen compared
to limited fed calves (Maccari et al., 2015). Further-
more, when applying high feed levels, e.g. by automa-
tic milk-feeding, a negative association between size
at birth and growth rate during the first months of life
has been reported (Lundborg et al., 2003; Svensson
and Liberg, 2006). This implies that in the smallest
calves, which have suffered from IUGR, a compen-
satory growth or ‘catch-up growth’ is seen, which
is further accentuated when high milk regimes are
applied. Although this rapid postnatal growth might
seem beneficial, it has been shown to result in a higher
accretion of fat than lean mass (Ford et al., 2007).
This might be explained by the fact that the number of
muscle fibers is set at birth and cannot increase post-
natally (Greenwood et al., 2000). Hence, when sub-
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optimal prenatal conditions have resulted in a reduced
intrauterine muscle development, this is very likely
to have consequences on the long-term body growth
(Long et al., 2009). Zhu et al. (2006) showed a redu-
ced muscle mass and altered muscle fiber distribution
in the offspring of nutrient-restricted ewes, resulting
in a reduced lean tissue growth and predisposition for
adiposity during early life (Greenwood et al., 2000). In
dairy cattle, catch-up growth has been shown to result
in a slightly higher body weight at calving, but mainly
a larger weight loss after the first parturition (Swali
and Wathes, 2007). This may indicate a greater degree
of body tissue mobilization, with a potentially incre-
ased risk of metabolic disorders around parturition (De
Koster and Opsomer, 2013). In addition, fast-growing
heifers, despite being younger at first breeding, have
been shown to need more inseminations to become
pregnant (Brickell et al., 2009a). These results show
remarkable similarities with human studies on [UGR
children, associating a small birth size and rapid post-
natal growth with increased adiposity and negative
effects on later fertility and health (de Zegher et al.,
2017).

Whether intrauterine programming results in a po-
sitive or a negative outcome, is believed to be largely
determined by the ‘match’ or ‘mismatch’ between the
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Figure 3. Hypothetical model on how the interaction between the pre- and postnatal environment may affect the
phenotype of dairy cattle. If the pre- and postnatal environment match, the fetal adaptations are hypothesized to
enhance the performance of the cow. In contrast, a mismatch between the pre- and postnatal environment might have
detrimental effects on health, fertility and lifespan (Van Eetvelde and Opsomer, 2017).
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intrauterine and postnatal environment. The ‘thrifty
phenotype hypothesis’ states that a poor prenatal en-
vironment (due to maternal undernutrition or other
‘stress’ factors) can induce permanent changes in the
metabolism of the fetus, preparing it for similar condi-
tions after birth (Hales and Barker, 2001). When res-
tricted feeding is applied postnatally, hence creating a
‘match’ with the prenatal environment, the offspring
benefits from its adapted phenotype. However, when
there is an abundance of nutrients in the postnatal life,
a ‘mismatch’ between the pre- and postnatal life may
develop, with potential detrimental consequences for
the calf’s future health and performance (Figure 3).
However, in the majority of the cases, it is difficult
to distinguish the specific effects of the pre- versus
postnatal environment. Especially the effect of a rapid
postnatal growth per se (irrespective of birth weight)
on the adult phenotype is difficult to assess, as it is
in most cases preceded by a reduced prenatal growth
(Jimenez-Chillaron and Patti, 2007). Studies in mice
however, have provided evidence for the fact that
early postnatal catch-up growth is the key risk factor
for metabolic problems during later life: while mice
with a low birth weight exhibiting postnatal catch-up
growth had a higher risk to develop obesity and diabe-
tes, prevention of postnatal catch-up growth increased
metabolic health and lifespan (Bieswal et al., 20006).
Hence, the accelerated growth often observed after
IUGR may be more detrimental than the intrauterine
adaptations per se (Singhal and Lucas, 2004). Indeed,
human studies have shown that a lower nutrient intake
and slower growth early in postnatal life (irrespective
of birth size) have beneficial effects on later health
(Singhal et al., 2003).

Based on the striking similarities between results of
studies done in dairy cattle and those reported in hu-
man medicine, the human “thrifty phenotype” model
(Hales and Barker, 2001), should stimulate to critically
assess the potential long-term consequences of the cur-
rently applied management system. As heifer rearing
is a major cost for a dairy farmer, the aim is to shorten
the non-productive life of a heifer by increasing early
body growth and thus decreasing age at first calving
(Ettema and Santos, 2004; Bach and Ahedo, 2008).
As early body weight accretion is most efficient (Bach
and Ahedo, 2008), dairy farmers have been stimulated
to maximize the growth of their calves during the first
months of life, especially during the pre-weaning pe-
riod. Furthermore, enhanced liquid feeding has shown
promising results on short-term performance, in parti-
cular on milk yield during first lactation (Shamay et al.,
2005; Moallem et al., 2010). However, little is known
about the long-term effects of this ‘accelerated fee-
ding’ on later fertility, metabolic health and lifespan.
Following the ‘thrifty phenotype hypothesis’, the en-
hanced liquid feeding as currently used in pre-weaned
calves, might accentuate the mismatch between the
environment for which the offspring is prepared and
the one in which it is actually born, which may have
long-term deleterious consequences.
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Milk yield and longevity

Studies on the performance of dairy cattle have
revealed that, besides age and weight of the heifer
at first parturition, multiple prenatal factors are as-
sociated with the amount of milk produced during
first lactation. Most studies agree on the fact that a
higher parity of the dam is associated with a reduced
performance of the daughter. Older dams have been
shown to produce offspring with a lower milk yield
during their first, second and third lactations (Banos
et al., 2007; Berry et al., 2008; Gonzalez-Recio et
al., 2012; Van Eetvelde et al., 2020a). Furthermore,
maternal milk yield during gestation has been shown
to affect offspring longevity, with a reduced lifespan
in daughters born out of mothers that were lactating
while pregnant (Gonzalez-Recio et al., 2012). Re-
cently, the authors performed a study on dairy cows
that had reached a threshold life time milk production
0f 100,000 kg. In this study, the authors aimed to find
intrinsic cow factors that are associated with the ability
to combine a long lifespan with a high functionality. In
accordance with previous studies, higher parity of the
dam was confirmed to negatively affect the offspring’s
performance, as daughters of high-parity cows were
less likely to reach a life time milk yield of 100,000
kg (Van Eetvelde et al., 2020b).

Although the aforementioned studies indicate ma-
ternal factors to be important for long-term perfor-
mance of the offspring, it is hard to detach the direct
effect of high maternal milk yield from the effect of
maternal age/parity in multiparous dairy cows. The
higher genetic merit in younger dams might be one
of the reasons why they give birth to more productive
daughters, but this can hardly be the single cause. Af-
ter all, genetic improvement in milk yield is conside-
red to be slow (1% of the mean per year (Brotherstone
and Goddard, 2005)) and studies were only performed
during a limited time period. Hence, the recorded ef-
fects of maternal age are larger than can be expected
from genetic improvement only (Astiz et al., 2014)
and need further exploration. The results on the effect
of maternal age seem similar to human studies, sho-
wing maternal ageing to be associated with placental
dysfunction (Lean et al., 2017) and a reduced fitness of
the offspring (Cardwell et al., 2010). However, there
is a fundamental difference between late childbearing
women and multiparous dairy cows, as these cows
conceived their first calf at a young age. Hence, the
effect of maternal age needs to be separated from the
effect of parity to draw further conclusions. It has been
suggested that in multiparous cows, the negative effect
on the fetus might be caused by changes in its meta-
bolic environment (Fuerst-Waltl et al., 2004; Astiz et
al., 2014). This implies that parity might have a higher
impact than age of the dam, as the former represents
the previous number of parturitions and thus periods
of metabolic stress the cow — and her reproductive
organs — have been exposed to. Future research should
therefore be focussed on the metabolic health of the
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cow, rather than on her milk yield, age or parity, to
identify the underlying mechanism(s) responsible for
the programming of the fetus.

In addition to maternal effects, seasonal effects on
long-term offspring performance have been described.
In dairy cattle, research on the effect of birth month
shows conflicting results, not only between studies
but also between herds (Soberon et al., 2012; Chester-
Jones et al., 2017; Van Eetvelde et al., 2017; Van
Eetvelde et al., 2020a). However, a similar trend is
seen as in human studies. Cattle born in autumn have
higher first-lactation milk yields and are more likely
to reach a lifetime milk yield of 100,000 kg (Van Eet-
velde et al., 2020a and 2020b). Several reasons for the
long-term effect of birth season have been suggested.
As described above, high ambient temperatures at the
end of gestation have been associated with changes in
the phenotype of the calf, such as reduced birth weight
and high insulin sensitivity (Kamal et al., 2014; Tao
et al., 2014; Kamal et al., 2015). However, whether
these changes in metabolism persist during later life
and are responsible for the effect on later performance
and health, is still unclear. On the other hand, the birth
season effect might be related to differences in pho-
toperiod and hence vitamin D status of both the dams
and the neonates. In human studies, it has been shown
that besides the primary role of vitamin D in calcium
and skeletal homeostasis, it plays a more complex
role in the modulation of immune function (Hewison,
2012). In cattle, as in other mammals, exposure to
sunlight is one of the principal natural mechanisms
through which vitamin D is produced. In grazing cat-
tle, seasonal variation in vitamin D levels have been
shown, with low levels in winter months (Casas et al.,
2015). Even in intensively managed cattle, where a
year-round supplementation is applied, low vitamin
D levels have been shown in fresh cows, resulting in
more than 25% of newborn calves to be vitamin D-
deficient (Nelson et al., 2016). Due to minimal ultra-
violet light radiation during winter, vitamin D levels
are expected to be even lower from March to May
(Krzyscin et al., 2011), suggesting spring-born calves
to be immunologically deficient in terms of vitamin D
levels (Casas et al., 2015). This could induce an incre-
ased disease susceptibility in these calves, eventually
leading to a lower performance and longevity than
in calves born during autumn. Additional research is
needed to identify the association between levels of
vitamin D in neonatal calves and health and perfor-
mance in later life. In addition, the need for higher
supplementation levels in pregnant cows, especially
during winter months, should be assessed.

CONCLUSIONS

Studies in dairy cattle have shown that typical phy-
siological conditions, such as continued body growth
and milk yield, and environmental conditions, such
as high ambient temperatures during gestation, can
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create a suboptimal environment for the developing
fetus. As a consequence, adaptations in the phenotype
of the placenta and the calf are noticed, with poten-
tial long-term effects on their growth, milk yield and
longevity. This might impose questions about the cur-
rent management strategies, where we want heifers to
calve at an early age and cows to be inseminated very
early in lactation. In addition, the current heifer rearing
strategies — and especially the enhanced liquid feeding
during the pre-weaning period — might impose risks
for the future performance, as it accentuates the ‘mis-
match’ between the pre- and postnatal environment.

As cows selected for high milk yield are likely to
prioritize milk production despite their stressed energy
level, it might be difficult to counteract this mismatch
by intervening during the prenatal timeframe. Ho-
wever, there may be an opportunity for interventions
during early postnatal life in calves, by modulating the
catch-up growth and preventing the development of
metabolic diseases in later life. Hence, in management
practices, all of these aspects to raise healthier and
more productive dairy cows that live longer, should
carefully be considered.

REFERENCES

Ambrosi A., Salomonsson S., Eliasson H., Zeffer E., Skog
A., Dzikaite V., Bergman G., Fernlund E., Tingstrém J.,
Theander E. (2012). Development of heart block in chil-
dren of SSA/SSB-autoantibody-positive women is asso-
ciated with maternal age and displays a season-of-birth
pattern. Annals of the Rheumatic Diseases 71, 334-340.

Astiz S., Gonzalez-Bulnes A., Sebastian F., Fargas O.,
Cano I., Cuesta P. (2014). Maternal aging affects life
performance of progeny in a Holstein dairy cow model.
Journal of Developmental Origins of Halth and Disease
5,374-384.

Bach A., Ahedo J. (2008). Record keeping and economics
of dairy heifers. Veterinary Clinics of North America:
Food Animal Practice 24, 117-138.

Banos G., Brotherstone S., Coffey M. P. (2007). Prenatal
maternal effects on body condition score, female fertility,
and milk yield of dairy cows. Journal of Dairy Science
90, 3490-3499.

Bauman D. E., Currie W. B. (1980). Partitioning of nutri-
ents during pregnancy and lactation: a review of mecha-
nisms involving homeostasis and homeorhesis. Journal
of Dairy Science 63, 1514-1529.

Bazaes R. A., Salazar T. E., Pittaluga E., Pefia V., Alegria
A., fiiiguez G., Ong K. K., Dunger D. B., Mericq M. V.
(2003). Glucose and lipid metabolism in small for ges-
tational age infants at 48 hours of age. Pediatrics 111,
804-809.

Berglund B., Steinbock L., Elvander M. (2003). Causes of
stillbirth and time of death in Swedish Holstein calves
examined post mortem. Acta Veterinaria Scandinavica
44, 111-120.

Berry D. P., Lonergan P., Butler S. T., Cromie A. R., Fair T.,
Mossa F., Evans A. C. O. (2008). Negative influence of
high maternal milk production before and after concep-
tion on offspring survival and milk production in dairy
cattle. Journal of Dairy Science 91, 329-337.



60

Bertram C. E., Hanson M. A. (2001). Animal models and
programming of the metabolic syndrome: Type 2 diabe-
tes. British Medical Bulletin 60, 103-121.

Bieswal F., Ahn M. T., Reusens B., Holvoet P., Raes M.,
Rees W. D., Remacle C. (2006). The importance of catch-
up growth after early malnutrition for the programming
of obesity in male rat. Obesity 14, 1330-1343.

Brickell J., Bourne N., McGowan M., Wathes D. (2009a).
Effect of growth and development during the rearing pe-
riod on the subsequent fertility of nulliparous Holstein-
Friesian heifers. Theriogenology 72, 408-416.

Brickell J., McGowan M., Wathes D. (2009b). Effect of
management factors and blood metabolites during the
rearing period on growth in dairy heifers on UK farms.
Domestic Animal Endocrinology 36, 67-81.

Brotherstone S., Goddard M. (2005). Artificial selection
and maintenance of genetic variance in the global dairy
cow population. Philosophical Transactions of the Royal
Society B: Biological Sciences 360, 1479-1488.

Cardwell C. R., Stene L. C., Joner G., Bulsara M. K., Cinek
0., Rosenbauer J., Ludvigsson J., Jané¢ M., Svensson J.,
Goldacre M. J. (2010). Maternal age at birth and child-
hood type 1 diabetes: a pooled analysis of 30 observa-
tional studies. Diabetes 59, 486-494.

Casas E., Lippolis J., Kuehn L., Reinhardt T. (2015). Sea-
sonal variation in vitamin D status of beef cattle reared in
the central United States. Domestic Animal Endocrino-
logy 52, 71-74.

Chester-Jones H., Heins B., Ziegler D., Schimek D., Schul-
ing S., Ziegler B., de Ondarza M., Sniffen C., Broadwa-
ter N. (2017). Relationships between early-life growth,
intake, and birth season with first-lactation performance
of Holstein dairy cows. Journal of Dairy Science 100,
3697-3704.

De Koster J. D., Opsomer G. (2013). Insulin resistance in
dairy cows. Veterinary Clinics of North America: Food
Animal Practice 29,299-322.

de Zegher, F., Reinehr T., Malpique R., Darendeliler F.,
Loépez-Bermejo A., Ibafiez L. (2017). Reduced prena-
tal weight gain and/or augmented postnatal weight gain
precedes polycystic ovary syndrome in adolescent girls.
Obesity 25, 1486-1489.

Entringer S., Buss C., Wadhwa P. D. (2010). Prenatal stress
and developmental programming of human health and
disease risk: concepts and integration of empirical find-
ings. Current opinion in endocrinology, diabetes, and
obesity 17, 507-516.

Ettema J. F., Santos J. E. P. (2004). Impact of age at calving
on lactation, reproduction, health, and income in first-
parity Holsteins on commercial farms. Journal of Dairy
Science 87, 2730-2742.

Flouris A. D., Spiropoulos Y., Sakellariou G. J., Kouteda-
kis Y. (2009). Effect of seasonal programming on fetal
development and longevity: links with environmental
temperature. American Journal of Human Biology: The
Official Journal of the Human Biology Association 21,
214-216.

Ford S., Hess B., Schwope M., Nijland M., Gilbert J., Von-
nahme K., Means W., Han H., Nathanielsz P. (2007).
Maternal undernutrition during early to mid-gestation in
the ewe results in altered growth, adiposity, and glucose
tolerance in male offspring. Journal of Animal Science
85, 1285-1294.

Forhead A., Ousey J., Allen W., Fowden A. (2004). Postna-
tal insulin secretion and sensitivity after manipulation of

Vlaams Diergeneeskundig Tijdschrift, 2020, 89

fetal growth by embryo transfer in the horse. Journal of
endocrinology 181, 459-468.

Fowden A., Moore T. (2012). Maternal-fetal resource allo-
cation: co-operation and conflict. Placenta 33, el1-el5.
Fowden A. L., Giussani D. A., Forhead A. J. (2006a). In-
trauterine programming of physiological systems: causes

and consequences. Physiology 21,29-37.

Fowden A. L., Ward J. W., Wooding F., Forhead A. J.,
Constancia M. (2006b). Programming placental nutrient
transport capacity. The Journal of physiology 572, 5-15.

Fuerst-Waltl B., Reichl A., Fuerst C., Baumung R., Solkner
J. (2004). Effect of maternal age on milk production
traits, fertility, and longevity in cattle. Journal of Dairy
Science 87,2293-2298.

Funston R. N., Larson D. M., Vonnahme K. (2010). Effects
of maternal nutrition on conceptus growth and offspring
performance: Implications for beef cattle production.
Journal of Animal Science 88, E205-E215.

Gafni R. 1., Baron J. (2000). Catch-up growth: possible
mechanisms. Pediatric Nephrology 14, 616-619.

Gavrilov L. A., Gavrilova N. S. (2011). Season of birth and
exceptional longevity: comparative study of American
centenarians, their siblings, and spouses. Journal of ag-
ing research 2011, 104616.

Godfrey K. M., Reynolds R. M., Prescott S. L., Nyirenda
M., Jaddoe V. W, Eriksson J. G., Brockman B. F. (2017).
Influence of maternal obesity on the long-term health of
offspring. The lancet Diabetes & Endocrinology 5, 53-
64.

Gonzalez-Recio O., Ugarte E., Bach A. (2012). Trans-gen-
erational effect of maternal lactation during pregnancy: a
Holstein cow model. PloS one 7, €51816.

Greenwood P., Hunt A., Hermanson J., Bell A. (2000). Ef-
fects of birth weight and postnatal nutrition on neona-
tal sheep: II. Skeletal muscle growth and development.
Journal of Animal Science 78, 50-61.

Hales C. N., Barker D. J. (2001). The thrifty phenotype
hypothesis. British Medical Bulletin 60, 5-20.

Hales C. N., Barker D. J., Clark P. M., Cox L. J., Fall C.,
Osmond C., Winter P. (1991). Fetal and infant growth
and impaired glucose tolerance at age 64. British Medical
Journal 303, 1019-1022.

Heasman L., Clarke L., Stephenson T., Symonds M. (1999).
The influence of maternal nutrient restriction in early to
mid-pregnancy on placental and fetal development in
sheep. Proceedings of the Nutrition Society 58, 283-288.

Hewison M. (2012). An update on vitamin D and human
immunity. Clinical Endocrinology 76, 315-325.

Ibanez L., Lopez-Bermejo A., Callejo J., Torres A., Cabré
S., Dunger D., de Zegher F. (2008). Polycystic ovaries
in nonobese adolescents and young women with ovarian
androgen excess: relation to prenatal growth. The Journal
of Clinical Endocrinology & Metabolism 93, 196-199.

Ibafiez L., Ong K., Dunger D. B., de Zegher F. (2006).
Early development of adiposity and insulin resistance
after catch-up weight gain in small-for-gestational-age
children. The Journal of Clinical Endocrinology & Me-
tabolism 91, 2153-2158.

Ibanez L., Potau N., Francois 1., de Zegher F. (1998). Pre-
cocious pubarche, hyperinsulinism, and ovarian hyper-
androgenism in girls: relation to reduced fetal growth.
The Journal of Clinical Endocrinology & Metabolism
83, 3558-3562.

Jimenez-Chillaron J. C., Patti M.-E. (2007). To catch up or
not to catch up: is this the question? Lessons from animal



Vlaams Diergeneeskundig Tijdschrift, 2020, 89

models. Current Opinion in Endocrinology, Diabetes and
Obesity 14, 23-29.

Kamal M., Van Eetvelde M., Bogaert H., Hostens M., Van-
daele L., Shamsuddin M., Opsomer G. (2015). Environ-
mental factors and dam characteristics associated with
insulin sensitivity and insulin secretion in newborn Hol-
stein calves. Animal 9, 1490-1499.

Kamal M., Van Eetvelde M., Depreester E., Hostens M.,
Vandaele L., Opsomer G. (2014). Age at calving in heif-
ers and level of milk production during gestation in cows
are associated with the birth size of Holstein calves.
Journal of Dairy Science 97, 5448-5458.

Krzyscin J., Jarostawski J., Sobolewski P. (2011). A mathe-
matical model for seasonal variability of vitamin D due
to solar radiation. Journal of Photochemistry and Photo-
biology B: Biology 105, 106-112.

Kwon E. J., Kim Y. J. (2017). What is fetal programming?:
a lifetime health is under the control of in utero health.
Obstetrics & Gynecology Science 60, 506-519.

Lean S. C., Derricott H., Jones R. L., Heazell A. E. (2017).
Advanced maternal age and adverse pregnancy out-
comes: A systematic review and meta-analysis. PloS one
12,e0186287.

Lewis A. J., Austin E., Knapp R., Vaiano T., Galbally M.
(2015). Perinatal maternal mental health, fetal program-
ming and child development. Healthcare 3, 1212-1227.

Long N., Vonnahme K., Hess B., Nathanielsz P., Ford S.
(2009). Effects of early gestational undernutrition on fetal
growth, organ development, and placentomal composition
in the bovine. Journal of Animal Science 87, 1950-1959.

Lundborg G., Oltenacu P., Maizon D., Svensson E., Liberg
P. (2003). Dam-related effects on heart girth at birth,
morbidity and growth rate from birth to 90 days of age
in Swedish dairy calves. Preventive Veterinary Medicine
60, 175-190.

Maccari P., Wiedemann S., Kunz H. J., Piechotta M., Sanf-
tleben P., Kaske M. (2015). Effects of two different rear-
ing protocols for Holstein bull calves in the first 3 weeks
of life on health status, metabolism and subsequent per-
formance. Journal of Animal Physiology and Animal Nu-
trition 99, 737-746.

Mericq V., Martinez-Aguayo A., Uauy R., Iniguez G., Van
der Steen M., Hokken-Koelega A. (2017). Long-term
metabolic risk among children born premature or small
for gestational age. Nature Reviews Endocrinology 13,
50-62.

Moallem U., Werner D., Lehrer H., Zachut M., Livshitz
L., Yakoby S., Shamay A. (2010). Long-term effects of
ad libitum whole milk prior to weaning and prepubertal
protein supplementation on skeletal growth rate and first-
lactation milk production. Journal of Dairy Science 93,
2639-2650.

Mourtakos S. P., Tambalis K. D., Panagiotakos D. B., An-
tonogeorgos G., Arnaoutis G., Karteroliotis K., Sidossis
L. S. (2015). Maternal lifestyle characteristics during
pregnancy, and the risk of obesity in the offspring: a
study of 5,125 children. BMC Pregnancy and Childbirth
15, 66.

Nelson C. D., Lippolis J. D., Reinhardt T. A., Sacco R. E.,
Powell J. L., Drewnoski M. E., O’Neil M., Beitz D. C.,
Weiss W. P. (2016). Vitamin D status of dairy cattle: Out-
comes of current practices in the dairy industry. Journal
of Dairy Science 99, 10150-10160.

National Research Council (2001). Growth. In: Nutrient
Requirements of Dairy Cattle. Seventh edition, the Na-

61

tional Academies Press, Washington DC. p. 234-243.

Painter R. C., Roseboom T. J., Bleker O. P. (2005). Prenatal
exposure to the Dutch famine and disease in later life: an
overview. Reproductive Toxicology 20, 345-352.

Peugnet P., Wimel L., Duchamp G., Sandersen C., Camous
S., Guillaume D., Dahirel M., Dubois C., Jouneau L.,
Reigner F. (2014). Enhanced or reduced fetal growth in-
duced by embryo transfer into smaller or larger breeds
alters post-natal growth and metabolism in pre-weaning
horses. PloS one 9, €102044.

Pinedo P., De Vries A. (2017). Season of conception is as-
sociated with future survival, fertility, and milk yield of
Holstein cows. Journal of Dairy Science 100, 6631-6639.

Roseboom T. J., Painter R. C., De Rooij S. R., Van Abeelen
A. F. M., Veenendaal M. V. E., Osmond C., Barker D. J.
P. (2011a). Effects of famine on placental size and effi-
ciency. Placenta 32, 395-399.

Roseboom T. J., Painter R. C., van Abeelen A. F., Veenendaal
M. V., de Rooij S. R. (2011b). Hungry in the womb: what
are the consequences? Lessons from the Dutch famine.
Maturitas 70, 141-145.

Roseboom T. J., van der Meulen J. H., van Montfrans G.
A., Ravelli A. C., Osmond C., Barker D. J., Bleker O.
P. (2001). Maternal nutrition during gestation and blood
pressure in later life. Journal of Hypertension 19, 29-34.

Senosy W., Izaike Y., Osawa T. (2012). Influences of meta-
bolic traits on subclinical endometritis at different inter-
vals postpartum in high milking cows. Reproduction in
Domestic Animals 47, 666-674.

Shamay A., Werner D., Moallem U., Barash H., Brucken-
tal I. (2005). Effect of nursing management and skeletal
size at weaning on puberty, skeletal growth rate, and milk
production during first lactation of dairy heifers. Journal
of Dairy Science 88, 1460-1469.

Singhal A., Fewtrell M., Cole T. J., Lucas A. (2003). Low
nutrient intake and early growth for later insulin resis-
tance in adolescents born preterm. The Lancet 361, 1089-
1097.

Singhal A., Lucas A. (2004). Early origins of cardiovascu-
lar disease: is there a unifying hypothesis? The Lancet
363, 1642-1645.

Soberon F., Raffrenato E., Everett R., Van Amburgh M.
(2012). Preweaning milk replacer intake and effects on
long-term productivity of dairy calves. Journal of Dairy
Science 95, 783-793.

Soto N., Bazaes R. A., Pena V., Salazar T, Avila A., Tfi-
guez G., Ong K. K., Dunger D. B., Mericq M. V. (2003).
Insulin sensitivity and secretion are related to catch-up
growth in small-for-gestational-age infants at age 1 year:
results from a prospective cohort. The Journal of Clinical
Endocrinology & Metabolism 88, 3645-3650.

Stein A. D., Ravelli A. C., Lumey L. H. (1995). Famine,
third-trimester pregnancy weight gain, and intrauterine
growth: the Dutch famine birth cohort study. Human Bio-
logy 67, 135-150.

Steyn C., Hawkins P., Saito T., Noakes D. E., Kingdom
J. C., Hanson M. A. (2001). Undernutrition during the
first half of gestation increases the predominance of fe-
tal tissue in late-gestation ovine placentomes. European
Journal of Obstetrics & Gynecology and Reproductive
Biology 98, 165-170.

Svensson C., Liberg P. (2006). The effect of group size on
health and growth rate of Swedish dairy calves housed in
pens with automatic milk-feeders. Preventive Veterinary
Medicine 73, 43-53.



62

Swali A., Wathes D. C. (2006). Influence of the dam and
sire on size at birth and subsequent growth, milk pro-
duction and fertility in dairy heifers. Theriogenology 66,
1173-1184.

Swali A., Wathes D. C. (2007). Influence of primiparity on
size at birth, growth, the somatotrophic axis and fertil-
ity in dairy heifers. Animal Reproduction Science 102,
122-136.

Syme C., Abrahamowicz M., Mahboubi A., Leonard G. T,
Perron M., Richer L., Veillette S., Gaudet D., Paus T.,
Pausova Z. (2010). Prenatal exposure to maternal ciga-
rette smoking and accumulation of intra-abdominal fat
during adolescence. Obesity 18, 1021-1025.

Tamminga S., Luteijn P., Meijer R. (1997). Changes in
composition and energy content of liveweight loss in
dairy cows with time after parturition. Livestock Produc-
tion Science 52, 31-38.

Tao S., Monteiro A., Hayen M., Dahl G. (2014). Short com-
munication: Maternal heat stress during the dry period
alters postnatal whole-body insulin response of calves.
Journal of Dairy Science 97, 897-901.

Van Eetvelde M., Kamal M., Hostens M., Vandaele L.,
Fiems L., Opsomer G. (2016). Evidence for placental
compensation in cattle. Animal 10, 1-9.

Van Eetvelde M., Kamal M., Vandacle L., Opsomer G.
(2017). Season of birth is associated with first-lactation
milk yield in Holstein Friesian cattle. Animal 11, 2252-
2259.

Van Eetvelde M., Opsomer G. (2017). Innovative look at
dairy heifer rearing: Effect of prenatal and post-natal
environment on later performance. Reproduction in Do-
mestic Animals 52, 30-36.

Van Eetvelde M., Verdru K., de Jong G., van Pelt M. L.,
Opsomer G. (2020a). A large-scale study on factors influ-
encing first-lactation milk yield in Holstein Friesian dairy
cattle. Under review.

Vlaams Diergeneeskundig Tijdschrift, 2020, 89

Van Eetvelde M., Verdru K., de Jong G., van Pelt M.L.,
Meesters M., Opsomer G. (2020b). An innovative ap-
proach to research life time milk production in dairy
cows: identifying the factors that contribute to a life time
milk yield of 100,000 kg. Under review.

Vassallo M. F., Banerji A., Rudders S. A., Clark S., Mullins
R.J., Camargo Jr C. A. (2010). Season of birth and food
allergy in children. Annals of Allergy, Asthma & Immu-
nology 104,307-313.

Vonnahme K., Zhu M., Borowicz P., Geary T., Hess B.,
Reynolds L., Caton J., Means W., Ford S. (2007). Effect
of early gestational undernutrition on angiogenic factor
expression and vascularity in the bovine placentome.
Journal of Animal Science 85, 2464-2472.

Wallace J., Luther J., Milne J., Aitken R., Redmer D.,
Reynolds L., Hay W. (2006). Nutritional modulation of
adolescent pregnancy outcome—a review. Placenta 27,
61-68.

Wathes D., Pollott G., Johnson K., Richardson H., Cooke
J. (2014). Heifer fertility and carry over consequences
for life time production in dairy and beef cattle. Animal
8, 91-104.

Weigel K., VanRaden P., Norman H., Grosu H. (2017). A
100-Year Review: methods and impact of genetic selec-
tion in dairy cattle—from daughter—dam comparisons to
deep learning algorithms. Journal of Dairy Science 100,
10234-10250.

Windeyer M., Leslie K., Godden S., Hodgins D., Lis-
semore K., LeBlanc S. (2014). Factors associated with
morbidity, mortality, and growth of dairy heifer calves
up to 3 months of age. Preventive Veterinary Medicine
113, 231-240.

Zhu M. J, Ford S. P., Means W. J., Hess B. W., Nathanielsz
P. W.,, Du M. (2006). Maternal nutrient restriction affects
properties of skeletal muscle in offspring. The Journal of
physiology 575, 241-250.

Over dieren

Varkens ruiken

‘ik kijk niet naar ze, want ik wil ze eerst ruiken. Eerst ruiken dan zien is

mijn devies. En dan ineens, plotsklaps, een wonder ... die heerlijke geur van

varkens die in het stro hebben gelegen, bereikt mijn neus. Dat is de essentie van

het varkenshouden.’

Flaptekst van A.J. Snijders: Eenentwintig en Andere Varkensverhalen. Het
huis met de drie gedichten, Lochem, 2016, pp. 30.



