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ABSTRACT
Factors that affect frequency of death of lactating
cows were studied for cows with records that terminated from 1995 through 2005. Analyses included effects of herd, year, month, parity, and lactation stage
at lactation termination as well as cow breed and milk
yield. A national data set (15,025,035 lactations in
45,032 herds) was analyzed with PROC GLM. Overall death frequency was 3.1% per lactation (5.7% per
cow). Death frequency increased by 1.6% from 1995
to 2005, with a sudden increase of 0.9% from 2003 to
2004, probably because of a USDA requirement in late
2003 for euthanizing downer cows. Death frequency
was 16.5% greater for lactations that terminated at
≤45 d than for those that terminated at ≥251 d. Death
frequency increased with parity (2% greater for eighth
parity and later than for first parity) and with lactation milk yield (0.4%/1,000 kg for Holsteins and Jerseys and 0.5%/1,000 kg for other breeds). Deaths were
most frequent in July and least frequent in November.
Within-herd breed differences (Holstein, Jersey, and
other breeds) were small. The heritability of likelihood
of death estimated from a sample of 79,162 Holstein
cows was 1.3%. Death losses are increasing, perhaps
partly because of increased milk yield and more intensive management regimens.
Key words: death loss, death frequency, lactation
termination
INTRODUCTION
The dairy industry is concerned that the frequency
of death among lactating cows is increasing. Thomsen
and Houe (2006) reviewed 19 European, North American, Australian, and New Zealand studies of dairy cow
mortality and reported that mortality ranged from 1 to
5%. They indicated the possibility of increasing mortality over time but did not analyze time trends for the
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populations reviewed. Thomsen et al. (2004) reported
that death rates for Danish dairy cattle had increased
from 2% in 1990 to 3.5% in 1999.
Milian-Suazo et al. (1988) reported a death rate of
1.2% (0.1% for first-parity cows and 1.1% for mature
cows) for 34 New York Holstein herds from 1981
through 1985. Gardner et al. (1990) reported a mortality rate of 2% for cow-years evaluated by the National
Animal Health Monitoring System from 1986 to 1987
in 43 California herds. For Holstein lactation records
that were processed by the Mid-States Dairy Records
Processing Center (Ames, IA) from 1980 to 1991, Dematawewa and Berger (1998) reported a mortality
rate of 2% during 305-d lactations. Karuppanan et al.
(1997) studied management records from 1987 to 1992
of 9 large (19,482 cows) dry-lot herds in California and
found that death rate ranged from 0.8 to 6.4% based
on cow-years. Young (2002) reported an increase in
death rate in the northwestern United States from
5% in 1994 for Holsteins and Jerseys to 8% in 2001 for
Holsteins and around 7% for Jerseys. For DHI Holstein
herds during 1998, Smith et al. (2000) reported death
rates of 7.7% for the South, 7.0% for the Mid-South,
and 5.9% for the North. For 20 New York herds, Stone
et al. (2006) reported an annual death rate of 8.1%,
with a range of 3.5 to 16.8% among herds.
Reasons for the increase in death rate are unclear.
Thomsen and Houe (2006) found 10 studies that reported the cause of death as unknown for 16 to 46% of
deaths, accidents for 5 to 13%, udder and teat disorders
for 8 to 25%, and metabolic disorders for 8 to 18%. Nørgaard et al. (1999) and Sigurdarson and Thorsteinsson
(1990) attributed the increase in mortality rate to a
greater level of physiological stress due to greater milk
yield and concentrate consumption. However, Young
(2002) found that death rates were greater for the
lowest 25% of cows for milk yield compared with the
top 25%. In an investigation of factors that affected
voluntary and involuntary culling in 186 Holstein Wisconsin herds that expanded extensively between 1994
and 1998, Weigel et al. (2003) reported an increase in
relative risk of involuntary culling for high-producing
cows compared with average cows from 0.50 for 1981 to
1989 to 0.68 for 1996 to 2000.
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Table 1. Variance analyses for a sample of 1,645 herds1
Effect
Year
Month
Parity
Lactation stage
Breed
1

GENMOD χ2

GLM F-values

1,772.2
295.5
2,574.3
72,595.3
6.4

180.5
25.3
349.4
28,504.2
6.3

All effects significant at P < 0.01.

A regulatory change in the United States at the
end of December 2003 required euthanasia of downer
cows to prohibit use in human food supply channels
(USDA, 2003). That change would be expected to shift
DHI reporting of reason for lactation termination from
“sold for slaughter or salvage” (formerly “sold for beef”)
to “died” (Animal Improvement Programs Laboratory,
2007), as noted by Fetrow et al. (2006). The objectives of
this study were to assess the importance of the effects
of year, season, parity, lactation stage, breed, and milk
yield on death frequency among US lactating cows and
to estimate the heritability of death rate.
MATERIALS AND METHODS
Expression of death rates varies but is most frequently given as number of deaths relative to total
number of cows at risk during a specified time period.
Fetrow et al. (2006) listed several alternatives for
expressing culling incidence, such as frequency per
cow-year, cow-month, or lactation. Thomsen and Houe
(2006) found that number of dead cows per 100 cowyears and mortality risk (number of dead cows per 100
lactations) were the most common expressions used.
They concluded that lactational mortality risk is the
most desirable measure of mortality. For this study,
death frequency was expressed as the probability of a
lactation ending in death [i.e., incidence was binomial
(0 = live, 1 = died during lactation) based on the presence or absence of a termination code of 6 (cow died on
the dairy, including downer cows that were killed) in
DHI lactation data that are provided to USDA (Animal
Improvement Programs Laboratory, 2007)]. The definition of termination codes has changed over time, and
only recently have cows that died before first test or
after 305 DIM been reported. The omission of deaths
before first test and during dry period causes death
frequency to be underestimated.
A sample of herds was chosen for a preliminary
variance analysis based on the units position of the
herd code. Records for lactations that terminated during 1995 through 2005 were extracted for those herds
from the USDA national database maintained by the
Animal Improvement Programs Laboratory (Beltsville,

Table 2. Observed death frequencies by year, month, and lactation
stage at termination of the lactation record and by parity
Category
Year
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
Month
January
February
March
April
May
June
July
August
September
October
November
December
Lactation stage
≤45 DIM
46 to 90 DIM
91 to 150 DIM
151 to 250 DIM
≥251 DIM
Parity
1
2
3
4
5
6
7
≥8

Death frequency (%)
1.96
2.18
2.60
2.92
2.92
2.97
3.68
3.83
3.54
4.30
4.63
3.13
3.45
3.35
3.10
2.98
2.98
3.30
3.53
3.18
2.84
2.80
3.09
17.3
10.1
8.5
6.5
0.9
2.05
2.66
3.72
4.38
4.83
5.78
5.92
6.40

MD). Records for lactations that ended <1 yr before the
herd stopped participating in DHI testing or for lactations without estimates of 305-d, mature-equivalent
milk yield were excluded, which resulted in eliminating any recent reports of death before first test. Two
analysis procedures were compared using the sample
set of herds: PROC GENMOD and PROC GLM (SAS
Institute Inc., 2004). Although PROC GENMOD accommodates binomially distributed variables, it requires
a great deal more computer resources for an iterative
solution. To avoid failure of GENMOD to converge,
herds with <400 total lactations across years or a death
rate of <0.3% were excluded. Records from 2,131,035
lactations of 971,763 cows in 1,645 herds remained for
analysis.
The model included effects at lactation termination
for herd, year, month, parity (1, 2, … 7, ≥8), and lactation stage (≤45, 46 to 90, 91 to 150, 151 to 250, and
Journal of Dairy Science Vol. 91 No. 9, 2008

3712

Miller et al.

Figure 1. Least squares estimates of across-breed difference in
frequency of death during lactation relative to 2005 by death year.

Figure 3. Least squares estimates of across-breed difference in
frequency of death during lactation relative to ≥8 parities by parity.

≥251 DIM) as well as an effect for cow breed (Holstein,
Jersey, and other). A second model added regressions
on milk yield within breed. After analysis of the sample
data set, the model was applied to the national data set
for 1995 through 2005 (45,032 herds with 15,025,035
lactations, of which 472,039 were terminated by death).
An additional analysis of means of herd-years with ≥50
lactations included effects of region (Mideast, Midwest,
Mountain-Prairie, Northeast, Northwest, Southeast,
and Southwest) as defined by Hare et al. (2004), state,
and herd size (50 to 99, 100 to 199, …, 900 to 999,
≥1,000 lactations per year).
Heritability was estimated by REML with the
program AIREMLF90. Data were a sample of 79,162
Holstein cows from 135 randomly selected herds. The
model was similar to that described above but excluding effects of breed and milk yield and including a
permanent cow environmental effect.

RESULTS AND DISCUSSION

Figure 2. Least squares estimates of across-breed difference in
frequency of death during lactation relative to ≥251 DIM by lactation stage.
Journal of Dairy Science Vol. 91 No. 9, 2008

Results of GENMOD and GLM variance analysis
of the sample data set are in Table 1. Both analysis
procedures ranked the model effects similarly: lactation stage, parity, year, month, and breed (largest to
smallest). All effects were significant (P ≤ 0.01), but lactation stage was the largest effect by far, especially for
the GLM analysis; breed differences were very small.
The total coefficient of determination for the model was
8.4%, with 5.6% of variation explained by lactation
stage and <0.1% explained by each of the other effects
in the model. Because results were similar and because
GENMOD is computationally more demanding, GLM
was used to analyze the large national data set.
For the national data set, observed mean death frequency was 3.1% on a lactation basis and 5.7% on a cow
basis. Observed death frequencies by year, month, and
lactation stage at record termination and by parity are
in Table 2.

Figure 4. Least squares estimates of across-breed difference in
frequency of death during lactation relative to December by death
month.
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Figure 5. Least squares estimates of Holstein difference in frequency of death during lactation relative to low lactation milk yield
by lactation yield group (low = ≤6,349 kg; medium = 6,350 to 13,608
kg; high = ≥13,609 kg).

Effect of year on death frequency relative to 2005 is
shown in Figure 1 for the national data set. Year effect
was greatest for 2005 and least for 1995. The increase
of 1.64% from 1995 to 2005 agrees with the 1.5% increase reported by Thomsen et al. (2004) for Danish
cows that died during the 1990s. The estimated trend
mirrors observed losses (Table 2): 1.96% in 1995 and
4.63% in 2005. The increase in effect of year on death
frequency was rather consistent over time except for
the large increase from 2003 to 2004 (0.92%). That
increase likely resulted from the USDA requirement
that nonambulatory cows be killed (USDA, 2003) and
a shift from cows reported as “sold for beef” to “died.”
Although frequency of downer cows killed before 2004
is unknown, the 0.9% increase indicates a substantial
new economic loss for dairy producers.
The shortest lactations were associated with the
greatest death frequency (Figure 2), which reflected
that only cows that died or were culled had short lactations in the national data set. Compared with lactations
that were terminated at ≥251 DIM, death frequency
was 16.5% greater for lactations that terminated at
≤45 DIM. Because the data did not include deaths before first test, deaths at ≤45 DIM were underestimated.
However, lactations of ≤45 DIM would be terminated
only by death or voluntary disposal; thus, the high
death frequency for that lactation stage is a comparison with frequency of voluntary disposal. The death

3713

frequency for lactations that were terminated between
46 and 90 DIM was greater (10.3%) than for lactations
that terminated at ≥251 DIM. Relative to total deaths,
22.7% of deaths occurred at ≤45 DIM, 21.9% between 46
and 90 DIM, 17.1% between 91 and 150 DIM, 18.0% between 151 and 250 DIM, and 20.3% at ≥251 DIM. Mean
DIM at death was 148.5 d. When those percentages are
expressed as death frequency per day of lactation, they
suggest that the likelihood of death decreases after 90
DIM. Greater death frequency in early lactation was
reported by Milian-Suazo et al. (1988), Menzies et al.
(1995), Stevenson and Lean (1998), Thomsen et al.
(2004), and Stone et al. (2006).
As anticipated, death frequency steadily increased
from first to subsequent parities (Figure 3). Death frequency for first parity was 1.99% lower than for eighth
parity or later. Thomsen et al. (2004) reported that
mortality risk for older cows (third parity and later) was
approximately twice that for younger cows. Stevenson
and Lean (1998) also reported greater mortality among
older cows. The unreported deaths before first test may
be more frequent for first-parity calvings.
Differences among calendar months in which death
occurred (Figure 4) were small but significant (P ≤ 0.01).
Deaths were least frequent in November and most frequent in July (0.66% greater than for November). The
trend was for a peak in death frequency during July
and August, a decline through November, and then a
rise through winter and spring. Two seasons appear to
be May through September and October through April.
Although estimated differences for model effects generally closely paralleled observed frequencies (Table 2),
month trend was an exception. Observed frequencies
were greatest for records that ended in August (3.53%)
and February (3.45%). However, the observed frequencies were subject to bias from herd effects; therefore,
no clear interpretation is possible. Little previous
information is available for seasonal differences in
mortality. Stone et al. (2006) reported deaths due to severe injuries incurred by cows that fell on icy surfaces
during winter for 20 New York herds. Seasonal differences may have variable patterns among geographical
regions of the United States.
Within-herd breed differences were small. Death frequency for breeds other than Holstein and Jersey was
slightly smaller (0.22%) than for Holsteins but slightly
larger (0.17%) than for Jerseys. Regression of death frequency on lactation milk yield was 0.37%/1,000 kg for
Holsteins, 0.41%/1,000 kg for Jerseys, and 0.47%/1,000
kg for other breeds (t-values of >30). The positive
regression supports the premise that increased milk
yield per cow contributes to the historical increase in
death rate. Inclusion of milk yield in the model reduced
the magnitude of breed differences in death frequency.
Journal of Dairy Science Vol. 91 No. 9, 2008
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CONCLUSIONS

Figure 6. Least squares estimates of across-breed difference in
frequency of death during lactation relative to herd size of ≥1,000
lactations per year by herd size.

To illustrate change in death frequency with increasing milk yield, lactation milk yield was categorized as
low (≤6,349 kg), medium (6,350 to 13,608 kg), and high
(≥13,609 kg). Results for Holsteins (Figure 5) show
that the relationship between milk yield and death
frequency is not linear. Death frequency was 1.8%
greater for medium-yield cows than for low-yield cows,
whereas death frequency for high-yield cows was only
0.6% greater than for medium-yield cows.
Least squares estimates for death frequency by herd
differed by 24.1% between herds with the lowest and
greatest death rates. For states with ≥10 herds in the
sample, means of herd solutions were greatest for South
Dakota (1.5%) and Oklahoma (1.4%). Estimated death
frequency was greatest for the Southeast and lowest
for the Northeast (difference of 5%). Analysis of herdyear means disclosed a small but consistent decrease
in death frequency as herd size increased (Figure 6).
Herd-years with ≥1,000 lactations per year had a death
frequency that was 0.8% lower than herd-years with 50
to 99 lactations per year.
Six iterations were required for heritability estimation. The estimate was 1.3%; thus, only about 1% of the
variation in the likelihood that a cow will die during
lactation is genetic. When converted to the underlying
scale (Dempster and Lerner, 1950), the heritability estimate was 8%. If death loss was expressed on a lifetime
rather than lactation basis, genetic variation might be
proportionately greater. Death frequency contributes
to the trait of productive life (VanRaden et al., 2006)
and is subject to some indirect selection pressure. Nevertheless, management factors must be considered the
major contributors to death frequency.
Journal of Dairy Science Vol. 91 No. 9, 2008

Frequency of deaths per lactation increased by 1.6%
from 1995 to 2005. A sudden increase of 0.9% from 2003
to 2004 most likely was caused by USDA regulations in
late December 2003 that required euthanizing downer
cows because of concerns about bovine spongiform encephalopathy. Death was more likely to occur during
early lactation than later, even without data for deaths
before first DHI test. Frequency of death increased
with age (2% greater for eighth parity and later compared with first parity). Seasonal differences in death
frequency were small, but more deaths occurred in
July compared with December. Breed differences were
negligible. High-producing cows were more likely to die
than low producers. Increased herd size was accompanied by lower death frequencies. Heritability of the
likelihood of death during lactation was 1.3%. Reducing death rate is primarily a problem of management;
because the national data set lacked cause of death,
specific management practices to decrease death losses
could not be identified. Despite that low heritability,
attempts to reduce death rate through genetic means
likely would be of value because of the great economic
loss from each incident.
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