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Miettinen, P. V. A.: Correlation between energy balance and fertility in Finnish
dairy cows. Acta vet. scand. 1991, 32, 189-196. - The effect of serum glucose,
ASAT and urea on reproductive performance was studied in 45 Finnish dairy cows
from 8 different herds. Blood samples were taken a month before calving as well as
2 weeks and 2 months after calving. Serum urea, ASAT and glucose were used as
indicators of metabolic and energy balance.
Glucose and ASAT concentrations were significantly correlated with fertility 2
weeks after calving, but not before calving or 2 months after calving. Antepartum,
60 % of the cows had a low urea level; at 2 weeks and at 2 months postpartum
89 % and 65 %, respectively had low levels of urea. The cows were divided into
groups as follows: low or high 2.9 mmol/I) glucose level and low or high 2.5
mmol/I) urea level. Low levels of glucose and/or urea in puerperium were associ
ated with poor fertility. The intervals from calving to first insemination and con
ception were shorter in the group with high glucose and high urea than in the
group with low values. The cows with the shortest intervals from calving to first
insemination and conception showed adequate metabolic balance (high levels of
urea and glucose).
Clinical ketosis had an adverse affect on intervals from calving to first insemina
tion and on conception . Intervals from calving to first insemination and to concep
tion were significantly (p < 0.01) longer in ketotic cows than in non-ketotic ones.
Liver damage, reflected as elevated activity of ASAT, was associated with poor fer
tility.
If shorter calving intervals are desired, adequate energy balance in puerperium is
essential.

blood; urea ; ASAT; energy balance.

Introduction
Conception difficulties in cows are a rather
common problem on Finnish dairy farms.
Such difficulties prolong the calving inter
val, resulting in economic consequences
especially in high-yielding dairy cows.
Energy intake has been reported to be rela
ted to reproductive performance of cattle
(Wiitbank et al. 1964, Dunn et al. 1969,
Oxenreider & Wagner 1971, Butler et al.
1981, Flipot et at. 1988). Cows are often fed
rather intensively before parturition, which
leads to an accumulation of body fat. Excess

feeding before calving (Lotthammer 1974)
and excessive intake of protein have a nega
tive influence on fertilify (Lotthammer &
Farries 1977). Since excess intake of feed be
fore calving causes diminished appetite after
calving (Farries 1979), the energy deficiency
increases. Body fat is mobilized in early lac
tation when the energy requirement exceeds
energy intake, resulting in shifts of the ener
gy metabolism and causing ketosis. The less
the cow feeds after calving, the higher is the
negative influence of excess feeding before
calving (Lotthammer 1979).
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Metabolic profile tests have been used to
monitor the metabolic state of dairy herds
and particularly to assess the adequacy of
dietary intake (Payne et al. 1970). These
tests have sometimes been disappointing,
however , often because reference animals
are difficult to select and blood reference
values and their variations remain poorly
known . Moreover, the results are often con
tradictory (Rowlands 1980). In individual
cows Lotthammer (1974) found that the ac
tivity of aspartate amino transferase (ASAT)
is a sensitive indicator of liver disorders
associated with impaired fertility. Low levels
of blood glucose are found in association
with poor fertility (McClure 1968, Lottham
mer 1974). Since the correlation between
blood glucose and energy balance is weak
(Erfle et al. 1974, Herdt et al. 1981, Kunz &
Blum 1985), blood glucose concentration
has not always been associated with poor
fertility (Rowlands et al. 1977, Carstairs et
al. 1980, Kappel et al. 1984).
Although previous studies of the relation
ships between blood parameters and fertility
parameters have produced disappointing re
sults, these relationships need to be studied
also under Finnish field conditions, because
housing and nutritional circumstances differ
from country to country and from controlled
experimental situations to field conditions.
The aim of this study was to evaluate the
relationships between levels of glucose, urea
and ASAT in blood and the reproductive
performance of Finnish dairy cows in order
to predict subsequent fertility.

Materials and methods
A total of 45 high-yielding dairy cows age
3-10 years from 8 herds were included in
this study. The cows were selected from
herds of 20-30 Finnish Ayrshire cows in
southern Finland. They were housed in
doors and fed grass silage, concentrate and
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hay in accordance with Finnish feeding stan
dards. The cows were allowed to eat twice a
day during a restricted time (3-4 hours) in
the morning and in the afternoon. The calv
ing season was from December to March .
Blood samples were obtained I month be
fore and 2 weeks after calving. These samp
les were drawn from the jugular vein and
allowed to clot. The blood was then centri
fuged and serum was obtained for analysis of
urea, ASAT and glucose on the same day.
Each cow was examined clinically each time
blood samples were taken, and it was inse
minated at first normal heat up to 2 months
postpartum. All cows were palpated for
pregnancy 6-8 weeks after insemination,
and in any doubtful case the examination
was repeated 1-2 weeks later.
Glucose and ASAT were determined with
glucose and ASAT test kits (Boehringer
Mannhein GmbH Diagnostica cat.no
124010 and 191337, Mannheim, Germany)
and urea was tested by the BUN Test (Bio
Dynamics, Indianapolis, Indiana, USA).
This test for urea works best in the range
2-8 mmolll, the normal value for cows; but
many of the samples fell below this range.
The health of the cows was monitored by
the farmers, especially occurence of bovine
ketosis. The diagnosis of ketosis was made
using a nitroprusside test of the milk. The
cows were divided into non-ketotic and ke
totic groups according to whether or not
they needed treatment for bovine ketosis. If
a cow showed clinical symptoms of bovine
ketosis (including loss of appetite- particu
larly for concentrate-, decrease in milk pro 
duction, rapid loss of body condition, dull
ness, firm feces and noticeable changes in
colour of the ketotest), it was placed in the
ketotic group . Cows were treated for clinical
ketosis with glucocorticoid i.m. and propy
lenglycol orally and in several cases with i.v.
administration of glucose.
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Table I . Blood parameters of 45 cows (mean ± S.D).
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Blood
parameter

ASAT IIU
Glucose mmol/I

1 month 2 weeks 2 months
antepartum postpartum postpartum

48.2 ± 14.4 71.6 ± 28.7 64.9 ± 14.6
3.76 ± 0.55 2.87 ± 0.76 2.91 ± 0.64

Statistical methods comprised regression
analysis and Student's r-test,

Results
Variation in blood parameters
In the cows studied, the values for glucose
were high antepartum, and decreased after
calving, and thereafter increased with time.
ASAT activity was highest during early lac
tation (Table 1).
Since most of the cows had urea levels below
2.5 mmol/I , they were divided into groups
according to urea levels as follows: up to 2.5
mmol/I = low level and 2.5-6.3 mmol/I =
high urea level. Antepartum 60%, 2 weeks
postpartum 89 % and 2 months postpartum
65% of the cows had a low level of urea.

Correlation between blood parameters and
fertility
There was no correlation between blood
parameters and fertility parameters before
calving. Two weeks postpartum a significant
(p < 0.001) correlation was found between
the level of ASAT and the interval from
calving to conception (adjusted r2 = 0.14)
and a significant (p < 0.00 I) negative cor
relation was found between glucose level
and the interval from calving to first insemi
nation (adjusted r2 = 0.16). No significant
linear correlation was found between glu
cose level and the interval from calving to
conception or between blood parameters
and fertility 2 months after calving.

Table 2 . Effect of metabolic balance 2 months postpartum on fertility. The cows
were divided according to blood parameters as follows: low or high glucose (lower
or higher than 2.9 mmol /l) and low or high urea (lower or higher than 2.5 mmol/l),
Cows with a urea level above 6.3 mmol/I were omitted from these groups.

Parameter N AI CC PR Aln
(day s) (days) (%) (n)

Average 43 76.8 ± 16.7 99.8 ± 35.8 58 1.7

low glucose 21 82.3 ± 20.7 llI.3±41.7 57 1.9
high glucose 22 72.2 ± 11.0 * 88.4 ± 27.6 * 59 1.4

low urea 29 79.3 ± 18.3 105.9 ± 38.5 52 1.7
high urea 14 72.7 ± 14.2 n.s 86.3 ± 29.5 n.s 71 1.5

low energy 13 85.9 ± 22.5 121.9 ± 42.7 46 2.1
high energy 6 67.7 ± 7.6 n.s 76.0 ± 15.4 * 75 I.3

AI = interval (days) between calving and the first insemination; CC = interval (days)
from calving to conception; Aln =inseminations (n) per conception; PR% =preg
nancy rate at the first insemination. Probability (* =p < 0.05, ** =p < 0.01) with
z-testbetween corresponding groups.

Acta vel. scand. vol. 32 no. 2 • 1991



192 P. V. A. Miettinen

Table 3. Blood parameters ASAT and Glucose, I month antepartum, 2 weeks and
2 months postpartum in non-ketotic (non) and clinical ketotic groups (ket). Proba
bility (*=p < 0.05) with r-test between corresponding groups.

Time ASAT(IIU) Glucose (mmo lll)

non p ket non p kel

antepartum 47 ± 15 n.s 50 ± 15 3.86 ± 0.57 n.s 3.52 ± 0.45
2 weeks p.p 66 ± 15 * 88 ± 13 3.03 ± 0.77 * 2.34 ± 0.54
2 months p.p 64 ± 15 n.s 69 ± 13 3.03 ± 0.77 * 2.56 ± 0.62

Effect ofenergy balance two months
postpartum
Since the linear corre lation between blood
and fertility parameters was weak, the effect
of energy was evaluated using grouping ac
cording to low and high levels of glucose and
urea . At 2 months postpartum cows were di
vided into groups according to blood para
meters as follows: low or high glucose (lower
or higher than the average 2.9 mmolll) and
low or high urea . The cows (n = 2) that had
urea more than 6.3 mmolll urea were left
out of these groups (Table 2).
Low levels of glucose and urea were associ
ated with poor fertility. The cows with high
levels of glucose or urea had a shorter inter
val from calving to first insemination and to
conception than cows with low glucose or
low urea levels did.
Intervals from calving to first inseminiltion
and conception were significantly shorter in
the high glucose group than in the low glu
cose group. The interval from calving to

conception was about 3 weeks shorter in the
high urea group than in the low urea group.
The low urea and low glucose groups needed
more inseminations per conception than the
groups with high levels of urea and glucose
did.
The interval from calving to first insemina
tion was 18 days shorter in the group with
high urea and glucose than in the group with
low levels of these substances. Due to the
small size of the groups, the difference was
not statistically significant, but it is of prac
tical significance. In addition, the pregnancy
rate at first insemination was lower and the
interval from calving to conception was 6
weeks longer in the low energy group (low
glucose + low urea) than in the adequate
energy group (high glucose + high urea).

Effect ofketosis
Twenty -seven percent of the cows showed
evidence of bovine of bovine ketosis 2.5-6
weeks postpartum and were treated for keto-

Tab le 4 . Comparison of fertility in ketotic and non-ketotic cows.

Group

non-ketotic
ketotic

N

33
12

AI
(days)

72.6 ± 11.3
87.7 ± 24.0 **

CC PR
(days) (%)

90.9 ± 33.6 61
124.3 ± 34.1 ** 33

Aln
(n)

1.6
2.0

Al = interval (days) between calving and the first insemination; CC = interval (days)
from calving to conception ; Aln =inseminations (n) per conception; PR% =preg
nancy rate at the first insemination . Probability (* = p < 0.05, ** = p <0.01) with
r-test between corresponding groups.
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sis. After calving glucose levels in ketotic
cows were significantly lower than in non
ketotic cows (Table 3). Two weeks postpar
tum ASAT activity was significantly higher
in ketotic cows than in non-ketotic ones.
Clinical ketosis had an adverse influence on
the intervals from calving to first insemina
tion and from calving to conception, and on
number of inseminations and the pregnancy
rate at first insemination (Table 4).

Discussion
The nutritional status of cows, seasonal
changes in climate, housing and other fac
tors concerning general management of
cattle have been suggested as causative fac
tors of low fertility in dairy cows. A calving
interval of 12 months is generally considered
to be optimal. To achieve this average the
interval from calving to conception should
be about 85 days, which requires that the
cow should conceive in early lactation while
still producing large quantities of milk. Since
many high-yielding cows are unable to con
sume sufficient food to meet their produc
tion and maintenance requirements, there is
a high risk of a negative energy balance at
the time of first insemination. In practice,
veterinarians are increasingly being asked to
discuss aspects of nutrition when diagnosing
situations likely to lead to reduced fertility
in high-yelding cows.
In many countries an overfeeding with pro
tein is a common problem (King 1971,
Wettke & Jahn 1971). Serum urea is a sen
sitive indicator of dietary intake of digestible
crude protein (Manston et al. 1975); in par
ticular , the ratio of protein to energy affects
urea levels in the blood (Payne et al. 1970,
Erbersdobler et al. 1980, Oltner & Wiktors
son 1983). However, reference values for
blood urea, often measured as urea nitrogen,
vary considerably (Hammond 1983). Wide
variations in standard levels and variations

during the year may be due to differences in
feeding (type, quality and quantity of pro
tein) in various countries and on different
farms. The most important observation in
this study was that many cows had low le
vels of urea indicating low protein intake.
To avoid the diurnal variation caused by
feeding schedules (Miettinen & Juvonen
1990), blood samples were always taken at
the same time of the day. Eldon et al. (1988)
suggestedthat a low urea level in early puer
perium may lead to ketosis. The lower level
of urea in early puerperium is due to insuf
ficient intake of feed (Lotthammer 1981),
which can lead to ketosis; but in this study
there was not a linear correlation between
low urea values and ketosis in early puerpe
rium. For prediction of reproductice perfor
mance on the basis of serum urea, 2.5
mmolll seemed to be the threshold level. .
In this study the linear relationship between
concentrations of serum glucose and fertility
was significant only at 2 weeks after calving.
This supports the findings of Erfle et al.
(1974), Herdt et al. (1981) and Kunz &
Blum (1985), all of whom have observed a
weak relationship between blood glucose
and energy balance, particularly when the
energy balance was positive. The adverse
effect of low level of blood glucose on ferti
lity corroborates the results of McClure
(1968) and Lotthammer (1974), but no such
a correlation has been reported for other stu
dies (Rowlands et al. 1977, Carstairs et al.
1980, Kappel et al. 1984). Therefore, the
relationship between glucose and fertility
may become significant only if the concen
trations of glucose in the blood fall below
normal limits.
The glucose level is low 8-9 weeks postpar
tum (Oxenreider & Wagner 1971) and then
increase simultaneously as fertility improves
(Lotthammer 1974). Eldon et al. (1988) even
found a positive correlation between glucose
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and time of conception. It is possible that
occassionally such a high level of blood glu
cose in the puerperal cow is caused by stress
and increased adrenal corticoid secretion,
which results in curtailed fertility. Neverthe
less, a raised glucose level indicates the onset
of ovarian activity (Eldon et al. 1988). A
disturbance in resumption of the ovarian
cyclicity has a detrimental effect on re-con
ception (Huszenicza et al. 1987). Thus the
fact that the glucose level 2 weeks after
calving had more effect on the interval from
calving to first insemination than the level 2
months postpartum did, may be due to a
delay in the onset ofovarian activity.
A calving interval of I year can be achieved
if inseminations are started about 2 months
postpartum. A common problem in dairy
herds is poor detection of oestrus, which
prolongs the calving interval. The low preg
nancy rate observed in this study in hypo
glycemic cows at the first insemination sup
ports the finding of Dunn et al. (1969), who
found a low rate of pregnancy in cows fed at
a low energy level after calving, because the
animals failed to show estrus. The impor
tance of the herd manager for detection of
oestrus is well known. Whitmore (1984) sug
gested that the primary reason for long calv
ing intervals is failure to observe the estrus
and thus breeding is delayed. According to
the present results, however, cows with an
adequate energy balance were inseminated
earlier and in addition to that the pregnancy
rate at first insemination was better and they
needed fewer inseminations per pregnancy
than did cows with low energy balance.
The incidence of clinical ketosis found in
this study was relatively high, but all cows
were included in the ketosis group if they
had increased levels of ketone bodies in their
milk and had some clinical sign of ketosis.
Incidence of clinical ketosis is difficult to
determine, since farmers may treat ketotic
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cows with a glucogenic substance and keto
tic cows can also recover without any treat
ment. However, the incidence of ketosis
found in this study is in agreement with the
results of Lindstrom et al. (1983), who found
a ketosis incidence of 13.3% in recorded
herds at first insemination, which normally
takes place up to 7 weeks postpartum. Clini
cal bovine ketosis occurs mostly 2-8 weeks
after calving (Baird 1982): thus the energy
balance has time to equilibrate.
Clinically diagnosed ketotic cows were
found less fertile than normal ones. This
agrees with Refsdal (1977) and Lindstrom et
al. (1983) who found that cows, which were
negative for ketone bodies were significantly
more fertile than ketotic cows. Kauppinen
(1984) and Andersson & Emanuelsson
(1985), on the other hand found no correla
tion between ketosis and fertility. The long
duration of low glucose levels in ketotic
cows supports the finding of Huszenicza et
al. (1987 , 1988), who found that duration
rather than temporary depth of energy im
balance affects re-conception by delaying the
resumption of ovarian activity.
Liver damage , reflected as elevated ASAT
activity, 2 weeks post partum was found to
be associated with the interval from calving
to conception. This indicates that a metabo
lic imbalance can have a detrimental effect
on fertility for a long time after the imba
lance has been corrected.
According to this investigation concerning
prediction of reproductive performance on
the basis of serum urea and glucose levels, in
individual cows urea higher than 2.5 mmoIll
and glucose levels higher than 2.9 mmoIll
are preconditions for good fertility . These
results suggest that the interval from calving
to first insemination and to conception can
be shortened by providing an adequate ener
gy balance.
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