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ABSTRACT

Data were collected prospectively on parameters re-
lated to first calving on 18 farms located in Northeast-
ern Pennsylvania. This project was designed to study
possible residual effects of calf management practices
and events occurring during the first 16 wk of life on
age, BW, skeletal growth, and body condition score at
first calving. Multiple imputation method for handling
missing data was incorporated in these analyses. This
method has the advantage over ad hoc single imputa-
tions because the appropriate error structure is main-
tained. Much similarity was found between the multi-
ple imputation method and a traditional mixed model
analysis, except that some estimates from the multiple
imputation method seemed more logical in their effects
on the parameter measured. Factors related to in-
creased age at first calving were increased difficulty of
delivery, antibiotic treatment of sick calves, increased
amount of milk or milk replacer fed before weaning,
reduced quality of forage fed to weaned calves, maxi-
mum humidity, mean daily temperature, and maxi-
mum ammonia levels in calf housing areas. Body weight
at calving tended to increase with parity of the dam,
increased amount of grain fed to calves, increased am-
monia levels, and increased mean temperature of the
calf housing area. Body condition score at calving
tended to be positively influenced by delivery score at
first calving, dam parity, and milk or milk replacer dry
matter intake. Withers height at calving was positively
affected by treatment of animals with antibiotics and
increased mean temperature in the calf area. This study
demonstrated that nutrition, housing, and manage-
ment factors that affect health and growth of calves
have long-term effects on the animal at least through
first calving.
(Key words: calf and heifer management, multiple im-
putations, longitudinal data analysis)
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Abbreviation key: AFC = age at first calving, ADG =
average daily gain, BCSC = BCS at calving, BWC =
BW at calving, MAR = missing at random, MCAR =
missing completely at random, MI = multiple imputa-
tion, MNAR = missing not at random, MM = mixed
models, WHC = withers height at calving.

INTRODUCTION

Systems need to be in place to monitor and evaluate
progress of heifers on dairy farms because of the large
economic investment involved in raising dairy heifers
(Tozer and Heinrichs, 2001). Despite the high costs of
raising heifers in the US (Gabler et al., 2000), mortality
and morbidity rates continue to be near 10% on US
dairy operations (USDA, 2002). These rates have
changed very little in the past 10 yr (Heinrichs et al.,
1994).

Research has shown an association between manage-
ment and health of dairy heifers. A study of 26 dairy
herds in New York by Curtis et al. (1988) indicated that
management directly affected the risk of respiratory
illness within 14 d of birth. The environment in which
the calf is raised also has a profound effect on health and
growth. Pritchard et al. (1981) found that treatment for
respiratory disease and lung infections in veal calves
was directly related to daily weight gains and was asso-
ciated with air quality in the animal unit. Waltner-
Toews et al. (1986) found that a variety of management
and housing factors were related to calf and heifer mor-
bidity and mortality. Many of these variables were re-
lated to farm size and season. Furthermore, Heinrichs
et al. (1987) showed associations among mortality, herd
size, and person caring for the calf.

The effect of early calfhood health status on survivor-
ship and age at first calving (AFC), after controlling
for the farm effect, has been examined (Waltner-Toews
et al., 1986). Heifers treated for pneumonia during the
first 3 mo of life were 2.5 times more likely to die after
90 d of age than heifers that had not been treated.
Heifers with a calfhood history of being treated for diar-
rhea were 2.5 times more likely to be sold, and heifers
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that had been treated for diarrhea were 2.9 times more
likely to calve after 900 d (30 mo) of age than other
heifers (Waltner-Toews et al., 1986). Calving age <30
d (24 mo) is much more economical because of the extra
costs and lost production associated with older calving
ages (Gabler et al., 2000; Hoffman and Funk, 1992).

In a large study, Curtis et al. (1989) followed 1171
Holstein heifer calves on several New York dairy farms.
Their findings yielded incidence rates for scours of 9.9%
within 14 d of birth, 5.2% from 15 to 90 d of age, 7.7%
for calves displaying dullness, and 7.4% for calves with
respiratory illness. This study was followed by Correa
et al. (1988), who evaluated the effects of calf morbidity
on AFC on the same animals. Heifers without respira-
tory illness as calves were twice as likely to calve and
calved 6 mo earlier compared with those with respira-
tory illness as calves. An unexpected result from this
study was that heifers displaying dullness or un-
thriftyness as calves were 1.6 times more likely to calve
and calved 2 mo earlier when compared with calves
without dullness as calves. Dullness would be expected
to increase AFC because of anticipated lower growth
rates from inadequate feed intake and less active or
normal behavior.

Health status of dairy heifers has been shown to have
a significant impact on growth rate of calves especially
during the first 6 mo of life (Donovan et al., 1998).
Season of birth and occurrence of diarrhea, septicemia,
and respiratory disease can significantly decrease
heifer growth (height and weight). Donovan et al. (1998)
reported that these variables plus farm, birth weight,
and exact age when 6-mo data are collected explained
20 and 31% of the variation in BW and pelvic height
growth, respectively, from birth to 6 mo. Septicemia
and pneumonia slowed growth by 13 to 15 d (to reach
the same weight as healthy calves) during the first 6
mo; diarrhea had a much smaller influence on growth
(Donovan et al., 1998). Passive transfer of colostral im-
munoglobulins had no direct effect on growth but did
influence weight and height through its effect on health
(Donovan et al., 1998).

Previous work by Place et al. (1998) showed that
housing and season had significant effects on average
daily gain (ADG). Other variables, such as calving loca-
tion, parity of the dam, and delivery score at calving,
had significant effects on ADG to 4 mo of age. The
present study was carried out to follow these same ani-
mals beyond 4 mo of age and up to calving. The introduc-
tion of missing data between the first and second phases
of this study could introduce bias if traditional screen-
ing and listwise deletion methods were used. However,
because of the intensive nature of the initial phase of
the study by Place et al. (1998), a great deal more is
actually known about the farms and animals involved
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in the study, and reliable estimates of missing re-
sponses and predictors could be made if newer methods
of statistical analyses were used. Therefore, the objec-
tives of the study were to incorporate a statistical tech-
nique for missing data, called multiple imputation (MI;
Rubin, 1987), to investigate potential factors that affect
calving-related measures in dairy heifers and to evalu-
ate the applicability of MI in analyzing field data. Our
project was undertaken to study the possible residual
effects of calf management practices, nutrition, and en-
vironment until early adulthood and how calf-related
events might affect AFC, BW at calving (BWC), withers
height at calving (WHC), and BCS at calving (BCSC).

MATERIALS AND METHODS

Data Collection

The effects of disease, management, and nutrition on
ADG of dairy heifers were studied from birth to 4 mo
of age on 795 Holstein calves from 21 commercial dairy
farms in Pennsylvania (Place et al., 1998). These farms
participated in an 18-mo study following the procedures
of the National Dairy Heifer Evaluation Project (Hein-
richs et al., 1994). Farms were chosen at random and
represented approximately 5% of the dairy farms and
9% of the dairy cows in 2 northeastern Pennsylvania
counties (Susquehanna and Wyoming) in 1991. During
the initial 18-mo phase of the study, farms were visited
biweekly to collect all data.

During each biweekly visit, animals were identified,
and health records were updated or collected for the
previous 2 wk. Body weight and withers height were
recorded until 4 mo of age for each calf. Individual feed
intake was measured at each visit, and feed samples
were collected for analysis as previously reported (Place
et al., 1998). At each visit, measurements were taken for
NH3 concentration, current humidity and temperature,
and maximum and minimum temperatures in each
housing area throughout the 2 wk prior to the visit.
Temperature and humidity were determined with a
digital hygrometer and thermometer (Fisher Scientific,
Pittsburgh, PA), and NH3 determination was via a
Kwik-Draw basic ammonia detector pump (MINE
Safety Appliances Co., Malvern, PA).

Farm management practices were recorded using ex-
isting management survey instruments from the Na-
tional Dairy Heifer Evaluation Project (Heinrichs et
al., 1994). Information also was obtained from DHIA,
calving and breeding records, and herd veterinarians,
as needed.

Following the initial 18-mo phase of the study, farms
were visited every 3 mo to follow health events, breed-
ing, and animal movement. Once heifers were near calv-
ing, farms were visited every 2 to 4 wk to collect calving
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information. Data collected within 2 wk of calving in-
cluded age at calving, BWC, WHC, BCSC (Edmondson
et al., 1989), and health events occurring at calving.
Data collection concluded on each farm when all identi-
fied heifers had calved.

Three of the original farms dropped out of the second
phase of the study for reasons unrelated to the study.
Also, only animals that survived to the completion of
the first phase of the study (112 d) were used. The
number of calves for the second phase was, therefore,
reduced to 686 on 18 farms. All procedures involving
animals were in accordance with approved guidelines
of The Pennsylvania State University Institutional Ani-
mal Care and Use Committee.

Multiple Imputation

Statistical analyses were performed using MI. Multi-
ple imputation is a method of dealing with missing data
where plausible values replace missing data. However,
MI differs from ad hoc methods, such as imputing the
mean, because MI replaces each missing value multiple
times; as a result, the error structure is preserved so
that valid inferences can be made. Rubin (1987) first
introduced the method of MI and developed the rules
and assumptions to follow. Reviews (Allison, 2002;
Schafer, 1999; Schafer and Olsen, 1998) and a detailed
application of the method (Schafer, 1997) have been
published. Although many methodological points could
be considered (Brand et al., 2003; Horton et al., 2003;
Kim, 2004), generally MI results are considered better
than other ad hoc, single imputation methods of dealing
with missing data because the error structure is pre-
served (Little and Rubin, 1987; Rubin, 1987, 1996).
Currently, MI is commonly used in medical and social
sciences, and software exists to carry out the analysis.

In a standard MI analysis, data augmentation (Tan-
ner and Wong, 1987) is used to impute random values
for missing values based on the joint distribution of all
variables in the data set. This is done several times
and results in multiple complete data sets on which the
analyst’s model can be applied. The set of variables used
for data augmentation is referred to as the imputation
model. Each of these data sets are then analyzed indi-
vidually as complete data sets, using what is referred
to as the analysts model, and the results of the separate
analyses are combined in a statistically valid manner
using Rubin’s Rules for Scalar Estimands (Rubin,
1987).

As in all statistical methods, MI requires that certain
assumptions be made. The most crucial of these as-
sumptions is the mechanism for missing data, which
can be categorized as missing completely at random
(MCAR), missing at random (MAR), or missing not at
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random (MNAR). This categorization is based on the
work of Rubin (1976); see also Diggle and Kenward
(1994), Diggle et al. (1994), and Little and Rubin (1987).
Missing completely at random applies when the likeli-
hood of a missing response depends on neither observed
nor unobserved values of other variables in the analy-
sis. It is a special case of random sampling and is actu-
ally the assumption made when using methods such as
case deletion. Missing completely at random is rarely
a plausible assumption when actual experimental data
are used.

For the second case, MAR, the likelihood of a missing
response depends on other observed values of variables
in the data set. In this case, the observed data are
considered the result of random sampling within sub-
classes that are defined by the observed data. For in-
stance, BCSC data may be missing for a heifer because
she was sold prior to calving. Rarely does a farmer sell
an animal based on a random sampling method, so
the mechanism is certainly not MCAR. However, if the
relationship of the missingness of the BCSC data can
be explained using other variables in the data set, for
instance genetic or management data, the missingness
mechanism can be considered MAR. Thus, the complete
data are considered to be a random sample of all ani-
mals of that subclass of genetic and management data.
Missing at random is the mechanism assumed in MI
as well as maximum likelihood.

The third category of missingness, MNAR, applies
when the likelihood of an observed response depends
on both observed and unobserved data. In this case, if
the data were analyzed and then the complete data
became available, results of the first and second analy-
ses would not agree. This would be true even in cases
where the observed covariates are considered. To con-
tinue with the previous example, farmers may cull heif-
ers because of genetic or management factors; however,
if these data were not available for the analyses and,
therefore, could not be included, the results of any anal-
yses of observed first lactation animals would be biased,
and the missing data would be MNAR.

Another way to categorize missing data is to classify
it as ignorable and non-ignorable (Rubin, 1987). Ignora-
bility refers to the process of the missing responses and
tells us whether or not we need to model it. Ignorable
data include MCAR and MAR; non-ignorable data per-
tain to MNAR. The exact definition is found in Rubin
(1976). The term ignorable actually refers situations
when appropriate methods are used in the analyses of
the data; then, inferences can be drawn that pertain to
the entire population of interest, including cases where
data are missing.

In many field studies, the actual mechanism leading
to missing data is not completely known. Almost al-
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ways, there is no method to prove that a missing process
in a data set is MCAR or MAR; so, missing data tech-
niques can be applied with 100% certainty. However,
no model can be applied with 100% certainty, and it
is up to the researcher to consider the plausibility of
alternative models.

In the implementation of MI, it is very important to
make the distinction between the imputation model and
the analyst model. The analyst model is considered the
traditional statistical model used for inferences and is
the second stage. The imputation model contains all
response and predictor variables and any interactions
that may be of interest in the analyst model to be used.
In addition, variables can be included in the imputation
model that are not of interest in the analyst model,
which can add information that helps to satisfy the
MAR assumption and can increase the precision of the
imputed values (Meng, 1994; Collins et al., 2001). How-
ever, it is very important that no term is allowed into
the analyst model that was not in the imputation model.

In the current study, not only was there more infor-
mation collected than of interest in these analyses, sur-
vey data were available for each farm that directly per-
tained to management practices and outcomes. For ex-
ample, the survey data include the typical AFC for a
farm, so that information is included in the joint distri-
bution as well as the AFC of farm cohorts. Therefore,
the imputed values should be more accurate than if we
did not have this added information. This leads to the
‘kitchen sink’ philosophy, and imputation models tend
to be much larger and more complex than subsequent
analyst models.

Results of the analyses performed on the imputed
data sets are combined using Rubin’s Rule for Scalar
Estimands (Rubin, 1987). The degrees of freedom for
inferences are determined by

ν = (m − 1)
⎡
⎢
⎣
1 +

U

(1 + m−1)B

⎤
⎥
⎦

where

ν = degrees of freedom,
m = the number of imputations,
U = the complete data variance estimate, and
B = the between-imputation variance estimate

All data imputation and analyses were conducted in
S-Plus 6.1 (2001; Insightful Corp., Seattle, WA).

Mixed Model Analyses

The data were analyzed with a linear mixed model
(MM), where farm was considered a random component
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using PROC MIXED in SAS (1999). PROC MIXED uses
maximum likelihood for missing response variables,
but uses listwise deletion for missing predictor vari-
ables. In the analyses where MI was not used, only
412 to 430 animals of the original 686 observations
available for the second stage of this study were avail-
able for estimates. For the analyses using multiply im-
puted data sets, 5 data sets were created. The same
linear mixed model analyses were run for each of the 5
data sets, and the results were combined using Rubin’s
rules for appropriate inferences. Additional informa-
tion available as an outcome of this method are the
complete data variance, the between-imputation vari-
ance, and total variance. From these variances, the ap-
propriate degrees of freedom for inference testing can
be estimated. Responses considered related to growth
were AFC, BWC, BCSC, and WHC. The fixed effects in
the model were as follows.

Delivery score = difficulty of the heifer’s birth (1 =
unassisted, 2 = easy pull, and 3 = hard pull, mechan-
ical extraction, caesarean section)

Parity of the heifer’s dam (0 = first-calf heifer; 1 =
older cow)

Days ill = number of days a heifer had scours or cough
during her first 4 mo of life

Days treated = number of days during first 4 mo
of life that heifers had scours or cough requiring
antibiotic treatment

DMI at weaning
Maximum milk DMI on a BW basis in the first 16 wk
Grain DMI on a BW basis at 16 wk of age
Week of age that heifer first consumed 0.91 kg grain

(DM)/d
Phosphorus intake from grain at weaning
ADF content of forage fed at 4 mo of age
Maximum humidity heifer was exposed to during

first 4 mo of life
Mean temperature heifer was exposed to during first

4 mo of life
Maximum NH4 heifer was exposed to during first 4

mo of life
Significance in all analyses was declared at P ≤ 0.05,

and trends were declared at P ≤ 0.10.

RESULTS AND DISCUSSION

The initial phase of the study found that variables
pertaining to calf birth and neonatal care all had uncon-
ditional effects on ADG and were collinear with their
farm-specific differences. Average daily gain was pri-
marily affected by calf housing location after separation
from the dam, DMI, season, and variation among farms
(Place et al., 1998).
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The results of the second phase of the study using
traditional MM analysis and MI analysis are shown in
Table 1. Comparing the MM and MI analyses, the MI
analysis uses the full data set with imputations and,
therefore, often has a higher level of significance than
the MM analysis. In some cases, this changes the level
of significance from a trend difference to a significant
difference. The estimates from the MM and MI models
are very similar with similar standard errors, yet be-
cause of the use of the entire data set rather than only
the data from complete observations, the MI analysis
has more power and, therefore, has a higher level of
significance. In most cases, the levels of significance do
not change with the different analyses. In one specific
case where a large amount of data was missing and
this missing data was farm specific, the P intake of the
young calf appeared to have a significant effect on AFC
using the MM analysis. There is no logic or previous
research to justify a negative influence of P intake on
AFC. Indeed, using the MI analysis, where all data
from all farms are used, this variable is shown as highly
insignificant (P = 0.95). Differences in the results of
MM and MI analyses are greatest for BWC (Table 1),
where many of the predictor variables differ in level of
significance. Some of these effects are illogical and are
likely explained more accurately using the MI ap-
proach.

Effect of a Difficult Birth

The results of the MI analysis for AFC (Table 1) show
that as delivery score of the calf increases one unit, her
subsequent AFC is increased by 17.09 d. Body condition
score at calving was also positively influenced by deliv-
ery score (Table 1); however, this could also be a result

Table 1. Results of mixed model (MM) and multiple imputation (MI) analyses of factors affecting age (d), BW (kg), BCS, and withers height
(cm) at first calving.

Traditional MM analysis MI analysis

Estimate SE df T Stat P value Estimate SE df T Stat P value

Age at first calving, d
(Intercept) 580.043 87.838 399 6.604 0.000 576.493 84.960 16 6.786 0.000
Delivery score1 16.673 9.617 399 1.734 0.084 17.085 9.838 23 1.737 0.048
Parity of dam2 −1.935 2.678 399 −0.723 0.470 −8.219 15.556 15 −0.528 0.697
Days ill3 −1.699 9.952 399 −0.171 0.864 3.054 2.515 82 1.214 0.114
Days treated4 7.418 10.921 399 0.679 0.497 10.046 6.489 44 1.548 0.064
Wean DMI,5 kg 12.582 9.860 399 1.276 0.203 11.472 9.891 17 1.160 0.131
Milk DM,6 kg 12.153 10.454 399 1.163 0.246 18.496 11.780 18 1.570 0.067
Grain DMI,7 kg −2.396 10.980 399 −0.218 0.827 2.918 10.730 55 0.272 0.393
Grain age,8 wk 0.505 0.370 399 1.364 0.173 0.331 0.272 781 1.215 0.112
Grain P intake,9 g −0.349 0.166 399 −2.095 0.037 −0.263 0.151 35 −1.741 0.955
Forage ADF,10 % 0.283 0.325 399 0.872 0.384 0.487 0.337 21 1.446 0.081
Maximum humidity10 1.265 0.655 399 1.932 0.054 1.292 0.652 17 1.981 0.032
Mean temperature10 1.351 0.469 399 2.881 0.004 1.008 0.494 18 2.038 0.028
Maximum NH3

10 2.843 1.794 399 1.585 0.114 1.977 1.564 95 1.264 0.105
Continued
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of older AFC. Increased delivery score has been shown
to increase calf mortality and morbidity in early life
(Johanson and Berger, 2003). Delivery score did not
appear to influence heifer growth, as no effect of a diffi-
cult delivery was observed for BWC or WHC.

Effect of Dam Parity

A trend for increased BWC and BCSC of heifers born
to older cows was observed. These heifers could have
been larger from birth because of maternal factors or
selection of sires. No effect of dam parity was noted for
AFC or WHC.

Illness and Antibiotic Treatment Effects

Health of calves during the first 4 mo of life and
antibiotic treatment for scours or pneumonia exhibited
interesting effects. There was a trend (P = 0.06) for
greater days treated to increase AFC and a significant
positive effect on WHC. The increase in AFC would
result from illness, and the positive effect on WHC may
be accounted for by the fact that heifers were older yet
not heavier and, therefore, likely more near mature
structural development. Body weight at calving and
BCSC were not affected by days treated.

Feed Intake and Quality Effects

Dry matter intake at weaning did not affect AFC,
BWC, BCSC, or WHC. Maximum milk intake positively
influenced BCSC and AFC, although the MM and MI
analyses did not agree. Maximum milk intake did not
affect WHC. The age at which heifers began consuming
0.91 kg of grain and grain intake at 16 wk did not
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Table 1 (Continued). Results of mixed model (MM) and multiple imputation (MI) analyses of factors affecting age (d), BW (kg), BCS, and
withers height (cm) at first calving.

Traditional MM analysis MI analysis

Estimate SE df T Stat P value Estimate SE df T Stat P value

BW at calving, kg
(Intercept) 561.255 56.561 381 9.923 0.000 515.982 53.681 13 9.612 0.000
Delivery score 0.723 5.552 381 0.130 0.896 3.672 6.735 13 0.545 0.297
Parity of dam 2.282 1.706 381 1.337 0.182 11.720 8.561 22 1.369 0.092
Days ill −6.763 6.020 381 −1.123 0.262 −1.294 1.715 26 −0.754 0.771
Days treated 7.409 6.288 381 1.178 0.239 5.813 6.478 7 0.897 0.199
Wean DMI, kg 5.383 6.690 381 0.805 0.422 −0.605 5.981 17 −0.101 0.540
Milk DM, kg −12.901 6.402 381 −2.015 0.045 −9.053 5.808 99 −1.559 0.939
Grain DMI, kg −21.115 7.905 381 −2.671 0.008 −21.881 7.763 16 −2.819 0.994
Grain age, wk −0.151 0.227 381 −0.663 0.508 −0.151 0.181 72 −0.833 0.796
Grain P intake, g 0.147 0.119 381 1.237 0.217 0.170 0.087 50 1.941 0.029
Forage ADF, % −0.532 0.213 381 −2.493 0.013 −0.281 0.160 502 −1.751 0.960
Maximum humidity10 0.355 0.430 381 0.826 0.410 0.720 0.437 12 1.647 0.063
Mean temperature10 0.281 0.296 381 0.951 0.342 0.249 0.280 25 0.891 0.191
Maximum NH3

10 1.450 1.127 381 1.286 0.199 1.827 0.950 86 1.923 0.029
BCS at calving
(Intercept) 2.323 0.423 395 5.490 0.000 2.009 0.420 12 4.786 0.000
Delivery score 0.083 0.044 395 1.885 0.060 0.112 0.042 67 2.692 0.004
Parity of dam 0.014 0.013 395 1.061 0.289 0.080 0.054 970 1.487 0.069
Days ill −0.004 0.047 395 −0.093 0.926 0.002 0.013 34 0.117 0.454
Days treated 0.007 0.050 395 0.131 0.896 0.026 0.070 5 0.367 0.364
Wean DMI, kg 0.070 0.046 395 1.513 0.131 −0.040 0.046 88 −0.864 0.805
Milk DM, kg −0.058 0.050 395 −1.153 0.250 0.102 0.042 29 2.450 0.010
Grain DMI, kg −0.040 0.060 395 −0.662 0.508 −0.102 0.062 16 −1.645 0.940
Grain age, wk −0.004 0.002 395 −2.484 0.013 −0.003 0.001 57 −1.810 0.962
Grain P intake, g −0.001 0.001 395 −0.663 0.508 −0.002 0.001 61 −2.296 0.987
Forage ADF, % −0.002 0.002 395 −1.337 0.182 −0.002 0.001 68 −1.212 0.885
Maximum humidity10 0.005 0.003 395 1.494 0.136 0.006 0.004 8 1.475 0.090
Mean temperature10 0.002 0.002 395 0.967 0.334 0.003 0.003 13 1.193 0.127
Maximum NH3 −0.003 0.008 395 −0.351 0.726 −0.001 0.007 334 −0.114 0.545

Withers height at calving, cm
(Intercept) 52.033 1.559 396 33.384 0.000 52.026 1.665 10 31.245 0.000
Delivery score 0.248 0.160 396 1.551 0.122 0.200 0.183 17 1.092 0.145
Parity of dam 0.047 0.049 396 0.973 0.331 −0.020 0.224 48 −0.089 0.535
Days ill −0.240 0.172 396 −1.399 0.163 −0.095 0.046 55 −2.095 0.980
Days treated 0.340 0.180 396 1.883 0.060 0.396 0.144 13 2.747 0.009
Wean DMI, kg 0.188 0.174 396 1.080 0.281 −0.129 0.169 98 −0.766 0.777
Milk DM, kg −0.141 0.183 396 −0.768 0.443 0.178 0.166 20 1.071 0.148
Grain DMI, kg −0.192 0.221 396 −0.869 0.385 −0.359 0.242 13 −1.485 0.919
Grain age, wk 0.006 0.006 396 0.899 0.369 0.004 0.005 302 0.923 0.178
Grain P intake, g 0.001 0.003 396 0.206 0.837 0.000 0.003 11 0.006 0.498
Forage ADF, % −0.004 0.006 396 −0.706 0.480 0.003 0.005 83 0.685 0.248
Maximum humidity 0.002 0.012 396 0.201 0.841 0.003 0.014 10 0.228 0.412
Mean temperature 0.014 0.008 396 1.677 0.094 0.015 0.008 34 1.949 0.030
Maximum NH3 −0.033 0.031 396 −1.052 0.293 −0.017 0.033 19 −0.524 0.697

1Delivery score = difficulty of heifer’s birth on a scale of 1 to 3 (1 = unassisted, 2 = easy pull, and 3 = hard pull, mechanical extraction,
caesarean section).

2Parity of the heifer’s dam (0 = first-calf heifer; 1 = older cow).
3Number of d heifer had scours or cough during first 4 mo of life.
4Number of d during first 4 mo that heifer had scours or cough requiring antibiotic treatment.
5DMI at weaning.
6Maximum DMI of milk in first 16 wk on BW basis.
7At 16 wk on BW basis.
8Age that heifer first consumed 200 g of grain (DM basis)/d.
9At weaning.
10During first 4 mo.
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affect AFC, BWC, BCSC, or WHC using the MI method.
Intake of P from grain had a slight positive effect on
BWC. Forage ADF, which represents the amount of
fiber and, therefore, inversely the energy level of the
forage, showed that farms and heifers with poorer qual-
ity forage tended to have increased AFC, as would be
expected. There were not any effects on BWC, WHC,
or BCSC. Level of nutrition of the calf would be expected
to affect growth rate positively with respect to milk
intake and negatively with respect to high fiber, low
energy diets (NRC, 2001). The lower energy forage fed
to calves also could be indicative of forage quality for
all heifers on the farm, but not necessarily. If breeding
decisions were being made by BW or other growth mea-
sures, then it is logical that AFC would be the only
variable affected by lower levels of nutrition.

Effects of Calf Housing Environment

The final 3 variables tested were related to calf hous-
ing environment. Higher humidity and temperature
created an environment that increased AFC. In part,
this could be due to increased subclinical disease or
stress. Although the increases in AFC were not large
for each variable, they were significant and represent
a real economic disadvantage to the farms where these
environment indicator levels were high. Temperature,
humidity, and NH3 levels also significantly affected
BWC, BCSC, and WHC in some cases; however, these
increases can probably be attributed to older AFC.

CONCLUSIONS

Using MI analysis techniques was found to be more
useful in interpretation of this large data set where
missing data restrict the power of MM analysis. The
results of the analysis show that AFC can be signifi-
cantly affected by events around birth, as well as nutri-
tional, health, and environmental factors imposed dur-
ing the first 4 mo of life. Body weight at calving is
also affected by many of the same calf variables. Body
condition score and WHC are less affected by these calf
variables, perhaps in part because of the lower degree
of accuracy of these measures and less range in values
for BCS. Recognition that events in early life can have
significant long-term impacts on overall growth and
maturation of the animal underscore the importance of
properly caring for neonates and young calves.
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