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  ABSTRACT 

  In the past few decades, farms have increased in size 
and the focus of management has changed from curative 
to preventive. To help farmers cope with these changes, 
veterinarians offer veterinary herd health management 
(VHHM) programs, whose major objective is to sup-
port the farmer in reaching his farm performance goals. 
The association between farm performance and par-
ticipation in VHHM, however, remains unknown. The 
aim of this paper was to compare farm performance 
parameters between participants and nonparticipants 
in VHHM and to differentiate within participation to 
evaluate the possible added value of VHHM on the 
farm. Five thousand farmers received a questionnaire 
about the level of VHHM on their farm. Farm perfor-
mance parameters of these 5,000 farms were provided. 
For all respondents (n = 1,013), farm performance was 
compared between participants and nonparticipants 
and within level of participation, using linear mixed and 
linear regression models. Farmers who participated in 
VHHM produced 336 kg of milk/cow per year more and 
their average milk somatic cell count (SCC) was 8,340 
cells/mL lower than farmers who did not participate in 
VHHM. Participating herds, however, had an older age 
at first calving (+12 d), a lower 56-d nonreturn rate 
percentage (−3.34%), and a higher number of insemi-
nations per cow (+0.09 inseminations). They also had 
more cows culled per year (+1.05%), and a lower age 
at culling (−70 d). Participants in the most-extended 
form of VHHM (level 3) had a lower SCC (−19,800 
cells/mL), fewer cows with high SCC (−1.70%), fewer 
cows with new high SCC (−0.47%), a shorter calving 
interval (−6.01 d), and fewer inseminations per heifer 
(−0.07 inseminations) than participants in the least-
extended form of VHHM (level 1). Level 3 participants, 
however, also had more cows culled per year (+1.74%) 
and a lower age at culling (−103 d). Discussing specific 
topics with the veterinarian (milk production, fertility, 

and udder health) had only marginal effects on improv-
ing the farm performance parameters related to those 
topics. Given the relevance of fertility on the farm and 
the focus on longevity by society, it is important to 
determine underlying reasons for the negative associa-
tions of these topics with participation in VHHM. A 
longitudinal study could provide answers to this. For 
now, veterinarians should be aware of the associations. 
The increased milk production and milk quality could 
help the marketing of VHHM to farmers. 
  Key words:    veterinary herd health management , 
 dairy farmer ,  veterinarian ,  farm performance 

  INTRODUCTION 

  With regard to the herd size and management of 
dairy farms over the past few decades, some trends are 
apparent. Dairy farms have been coping with increased 
costs and have, therefore, needed to improve productiv-
ity. Apart from having more cows, cows have also been 
selected for higher levels of milk production (Noordhui-
zen and Wentink, 2001). This intensification led to more 
cows per farmer (and thus less individual attention) 
and more production-related problems (e.g., subfertil-
ity and subclinical disease; Shanks et al., 1978). The fo-
cus of dairy management has changed from curative to 
preventive (Cannas da Silva et al., 2006; LeBlanc et al., 
2006). Individual sick cows have become an indicator 
for the herd, instead of a problem standing on its own. 
But even though modern dairy farmers are more aware 
of the costs of diseases on the farm and are willing to 
prevent disease, they do experience difficulties with the 
(early) detection of those disorders (Cannas da Silva et 
al., 2006). Monitoring and managing herd health has, 
therefore, become an important and challenging issue 
on the dairy farms. 

  Given their knowledge on epidemiology, farm man-
agement, and pathology in cows, veterinarians have 
always been an important sparring partner for dairy 
farmers regarding herd health. This started in the 
1960s with mastitis control (Bramley and Dodd, 1984), 
followed by herd fertility schemes (Bramley and Dodd, 
1984; Esslemont et al., 1985; Esslemont et al., 2001), 
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disease prevention (De Kruif and Opsomer, 2004) and, 
finally, quality control programs ((Esslemont et al., 
1985; Noordhuizen and Wentink, 2001; De Kruif and 
Opsomer, 2004) Nowadays, most veterinary practices 
offer veterinary herd health management (VHHM) 
to the farmer, during which they monitor herd health 
status and provide (preventive) advice (Derks et al., 
2013). In the literature, VHHM is described as regular-
ly scheduled farm visits, where data are recorded and 
analyzed and advice is provided. Veterinary herd health 
management follows a fixed structure of goal setting, 
advice, action, and evaluation (Brand et al., 1996). 
The major objective of VHHM should be to support 
the farmer in reaching his targets of farm performance 
(Noordhuizen, 2001; Noordhuizen and Wentink, 2001; 
De Kruif and Opsomer, 2004).

In practice, however, the execution of VHHM is more 
diverse. The goals of the farmer are not always clear 
to the veterinarian (Kristensen and Enevoldsen, 2008; 
Hall and Wapenaar, 2012). Also, not all farmers attend 
the full VHHM program; levels of participation can be 
determined. Some farmers only have their cows checked 
for pregnancy, whereas others discuss more topics 
with their veterinarian (Derks et al., 2013). Also, even 
though the literature states that VHHM is becoming 
more and more important (Noordhuizen, 2001; Noord-
huizen and Wentink, 2001; De Kruif and Opsomer, 
2004), few numbers are actually available in practice. 
Lievaart and Noordhuizen (1999) found a participation 
rate in the Netherlands of 37.2%. Hall and Wapenaar 
(2012) found that in the United Kingdom, large differ-
ences existed between practices: 40% of the practices 
had less than 25% of their farmers enrolled in a VHHM 
program, whereas 30% of the practices had more than 
50% of their farmers enrolled.

The difference in participation can perhaps be ex-
plained by the fact that the effects of participation in 
VHHM on farm performance and economics remain 
largely unclear. In the 1970s, a large Dutch field study 
showed that VHHM provided considerable financial 
benefits for the farmer (176 Dutch guilders per cow 
improvement in income feed cost margin), and that 
performance on fertility improved and the percentage 
of culled cows decreased significantly (Sol and Renke-
ma, 1984). A follow-up study, however, published in the 
1990s, found that after the program was finished, the 
differences between participants and nonparticipants 
became nonexistent again after a few years (Hogeveen 
et al., 1992). Results of the benefits of VHHM at pres-
ent remain scarce. Hässig et al. (2010) found that, on 
farms in Switzerland, only marginal differences existed 
in farm performance between farms participating in 
VHHM and farms not participating in VHHM. Given 
the fact that VHHM is becoming more and more im-

portant for farmers and veterinarians, it is worthwhile 
knowing its (economic) benefits on the farm. Therefore, 
a need exists for more accurate numbers on the rela-
tionship between VHHM and farm performance, and on 
the relationship between the level of VHHM and farm 
performance. The aim of this paper was to compare 
farm performance parameters between participants and 
nonparticipants in VHHM and to differentiate within 
level of participation to evaluate the possible added 
value of VHHM on the farm.

MATERIALS AND METHODS

Study Design

In September 2011, 5,000 randomly selected dairy 
farmers with at least 40 milking cows, participating in 
monthly milk production registration (MPR) received 
a questionnaire per e-mail. The questionnaire was 
concerned with the participation in and execution of 
VHHM on the farm. Farm performance data from all 
5,000 farmers was provided to the researchers by CRV 
BV (Arnhem, the Netherlands), a cooperative firm 
that, among other tasks, performs MPR for farmers. 
The results of the questionnaire were summarized, and 
farm performance was compared in 4 steps.

Data Collection

Questionnaire. The questionnaire (in supple-
mentary materials, available online at http://dx.doi.
org/10.3168/jds.2013-6781) was designed using the Tai-
lored Design Method (Dillman, 2000) to improve un-
derstandability and response rate. Farmers were asked 
to indicate whether they participated in VHHM, and if 
they did, with what frequency. Next, they were asked 
which of 9 topics (fertility checks, advice on fertility, 
milk production, udder health, nutrition, young stock 
rearing, housing, claw health, and analysis of produc-
tion numbers) were addressed during VHHM. Also, for 
each topic, farmers were asked to indicate with what 
frequency the topic was addressed (always, regularly, 
when problems arise, or never). Topics were chosen 
based on former research (Derks et al., 2011, 2012a,b). 
The questionnaire was introduced to farmers by an 
introduction letter through the mail; the questionnaire 
itself was sent 1 d later by e-mail.

Farm Data. All farmers selected for this study were 
participating in the MPR by CRV BV. The MPR is 
recorded every 4 to 6 wk. Participants receive informa-
tion based on milk yield, SCC, and fertility parameters 
of individual cows and on a herd level. For this study, 
data on farm size (number of cows), fertility [calving 
interval (ClvI), age at first calving (AFC), heifer 
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56-d nonreturn rate (%), cow 56-d nonreturn rate (%), 
number of inseminations/heifer, and number of insemi-
nations/cow], udder health (mean SCC, percentage 
of cows with high SCC, and percentage of cows with 
new high SCC), milk production (kg of milk/cow per 
year, fat percentage, and protein percentage), and herd 
longevity (percentage of cows culled per year and age 
at culling) were collected. High SCC was defined as 
>250,000 cells/mL for cows and >150,000 cells/mL for 
heifers. New high SCC was defined as the annual mean 
percentage of cows that exceeded this threshold per 
test date. Variables were chosen based on availability 
and importance during VHHM and were provided for 
all 5,000 farmers by CRV BV (Table 1). The data was 
collected at the same moment the questionnaire was 
sent, and comprised all milk recordings over the past 
2 yr. The veterinary practices (n = 270) that farmers 
were associated with were known for all farms.

Data Analysis

Farm performance variables were compared between 
groups in 4 steps: (1) between respondents and non-
respondents, (2) between participants and nonpartici-
pants, (3) within level of participation, and (4) within 
different frequencies of discussion of topics.

Model Selection.  Multiple options were available 
to compare the given data: (1) a Student’s t-test/ANO-
VA, (2) a linear regression model correcting for herd 
size, and (3) a linear mixed model correcting for herd 
size (fixed variable) and associated veterinary practice 
(random variable). For each step, the most appropriate 
model was selected. Model 2 was chosen over model 
1 if at least one of the significant outcomes per step 
was influenced by herd size. Model 3 was chosen over 
model 2 if the intraclass correlation coefficient (ICC) 
was higher than 0.10 for at least 1 of the significant 
outcomes per step. The ICC indicates how much of the 
total variance can be explained by differences between 
veterinary practices, and ranges from 0 to 1. It is calcu-
lated by the following formula:

 ICC =
( )

( )+ ( )
σ

σ σ

2

2 2

p

p res
, 

where σ2 is the variance, p is the veterinary practice, 
and res is the residual.

Participants Versus Nonparticipants. Farm 
performance parameters of participants and nonpar-
ticipants were compared using a linear mixed model. 
Each available farm performance variable [ClvI, AFC, 
heifer 56-d nonreturn rate (%), cow 56-d nonreturn 
rate (%), number of inseminations/heifer, number of T
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inseminations/cow, mean SCC, percentage of cows with 
high SCC, percentage of cows with new high SCC, kg 
of milk/cow per year, fat percentage, protein percent-
age, percentage of cows culled per year, and age at 
culling], except number of cows, was separately used 
in the model as a dependent variable, and number of 
cows and participation in VHHM (yes/no) as fixed, and 
veterinary practice as random independent variables. 
In total, because there were 14 outcome variables, the 
model was run 14 times. The β-estimates presented in 
the tables, therefore, directly relate to the relationship 
between VHHM and the presented variable. Number of 
cows was retained in the model if it was (1) significant 
or (2) had an influence of >20% on the β-estimate. The 
final model could be described as follows:

VARi = μ + VYNi (+ NoCi),

where VAR is the dependent variable of interest, μ is 
the intercept, VYN is participation in VHHM (yes/no), 
NoC is the number of cows, and i corresponds to the ith 
veterinary practice.

For all models, homoscedasticity, normality, and lin-
earity were checked (where relevant) by visual inspec-
tion of the quantile-quantile plots of the standardized 
residuals, the plot of standardized residuals × the stan-
dardized predictor values, and the plot of standardized 
residuals × predictor variables. Residuals were checked 
on both farm and veterinary practice level. All models 
met the assumptions.

Respondents Versus Nonrespondents. The same 
approach as with the comparison between participants 
and nonparticipants was used for a nonresponse analy-
sis. The same model was used, but the variable VHHM 
(yes/no) was replaced with response (yes/no; Appendix 
Tables A1 and A2). The final model can be described 
as follows:

VARi = μ + RYNi (+ NoCi),

where VAR is the dependent variable of interest, μ is 
the intercept, RYN is respondent (yes/no), NoC is the 
number of cows, and i corresponds to the ith veterinary 
practice.

Level of Participation and Farm Performance. 
Farmers participating in VHHM were divided into 3 
levels of participation: level-1 participants had their 
veterinarian only check the cows for pregnancy, level-2 
participants also discussed milk production, fertility, 
udder health, and (or) farm performance parameters, 
and level-3 participants discussed at least 1 of the topics 
of group 2 together with nutrition, young stock rearing, 
claw health, and (or) housing. The classification was 
based on previous findings from the same questionnaire 

that showed that farmers discussing nutrition, young 
stock rearing, claw health, and (or) housing with their 
veterinarian, also discussed milk production, fertility, 
udder health, and (or) farm performance parameters 
(Derks et al., 2013). The relationship between farm 
performance and level of participation in VHHM was 
determined with a linear mixed model. The model was 
built and fit statistics were checked in the same way as 
with the participants-versus-nonparticipants model. All 
models met the assumptions. The final model can be 
described as follows:

VARi = μ + LoPi (+ NoCi),

where VAR is the dependent variable of interest, μ 
is the intercept, LoP is the level of participation in 
VHHM, NoC is the number of cows, and i corresponds 
to the ith veterinary practice.

Relationships Between Discussed Topics and 
Related Farm Performance Parameters. For 3 
of the topics that could be discussed (fertility, milk 
production, and udder health) specific farm perfor-
mance parameters were known. All farmers indicated 
the frequency with which these topics were discussed 
in the questionnaire (always, regularly, when problems 
arise, or never). The relationship between the frequency 
with which those topics were discussed and the specific 
farm performance parameters linked to these topics was 
checked using linear regression models. For each topic, 
the specific variables [milk production: milk produc-
tion, fat (%), and protein (%); fertility: ClvI, AFC, 
heifer 56-d nonreturn rate (%), cow 56-d nonreturn rate 
(%), number of inseminations per heifer, and number of 
inseminations/cow; udder health: mean SCC, percent-
age of cows with high SCC, and percentage of cows with 
new high SCC) were used in the model as dependent 
variables; the number of cows and frequency of discus-
sion were used as independent variables. Number of 
cows was retained in the model if it was (1) significant 
or (2) had an influence of >20% on the β-estimate. The 
final model can be described as follows:

VAR = μ + FoD (+ NoC),

where VAR is the dependent variable of interest, μ is 
the intercept, FoD is the frequency with which the topic 
is discussed, and NoC is the number of cows.

For all models, homoscedasticity, normality, and lin-
earity were checked (where relevant) by visual inspection 
of the quantile-quantile plots of the standardized residu-
als, the plot of standardized residuals × the standardized 
predictor values, the variance inflation factor and toler-
ance statistics, and the plot of standardized residuals × 
predictor variables. All models met the assumptions.
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RESULTS

General Information on the Data Set

Five thousand famers, associated with 270 veterinary 
practices, were approached to join the study, of which 
1,013 returned the questionnaire (20%). At least 1 
farmer of all veterinary practices responded. No signifi-
cant difference was observed in the response rate be-
tween practices. Of the respondents, 695 indicated they 
received some form of VHHM and 318 indicated they 
did not. Of the participants in VHHM, 272 participated 
in level 1, 275 in level 2, and 138 in level 3. Some topics 
were discussed more frequently than others (Figure 1).

Comparison of Farm Performance Parameters 
Between Participants and Nonparticipants

Descriptive statistics for all variables are provided in 
Table 1. Farmers who participated in VHHM produced 
336 kg of milk/cow per year more and their average 
milk SCC was 8,340 cells/mL lower than farmers who 
did not participate in VHHM. Participants, however, 
had a higher AFC (+12 d), a lower 56-d nonreturn rate 

(−3.34%), and a higher number of inseminations per 
cow (+0.09 inseminations). They also had more cows 
culled per year (+1.05%), and a lower age at culling 
(−70 d; Table 2).

Relationships Between the Level of Participation 
in VHHM and Farm Performance

Compared with farmers in level 3, farmers in level 
1 culled 1.74% cows less per year, had a longer ClvI 
(+6.01 d), a higher mean SCC (+19,800 cells/mL), a 
higher percentage of cows with high SCC (+1.70%) 
and new high SCC (+ 0.47%), and a higher age at 
culling (+103 d). For farmers in level 2, the difference 
compared with the farmers in level 3 was a significantly 
higher age at culling (+78 d) and a higher percentage 
of cows culled per year (+1.42%; Table 3).

Relationships Between Discussed Topics  
and Related Farm Performance Parameters

Only a few significant relationships between discussed 
topics and related farm performance parameters were 

Figure 1. Overview of the frequency with which 9 veterinary herd health management (VHHM) topics were discussed during farm visits (n 
= 627).
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found in this study (Table 4). Farmers who discussed 
milk production at every VHHM visit had higher milk 
production than farmers who discussed milk production 
regularly, when problems arose, or never (+238, +196, 
and +1,096 kg/cow per year, respectively). Farmers 
who discussed fertility at every VHHM visit had a 
significantly lower AFC of their heifers than farmers 
who never discussed fertility (−41.3 d). Farmers that 
discussed udder health only when problems arose had 
a significantly higher SCC than farmers who discussed 
udder health at every farm visit (+11,500 cells/mL).

DISCUSSION

This study aimed to compare farm performance 
parameters between participants and nonparticipants 
in VHHM and between different levels of participation 
to evaluate the possible added value of VHHM on the 
farm. Because the study design is cross-sectional, only 
relationships between VHHM and farm performance 
can be described, and no causalities. It could, therefore, 
be that the differences in participants and nonpartici-
pants are caused by factors that were not in the scope 
of this study, such as farm management factors.

Of the 5,000 questionnaires that were sent to farm-
ers, 1,013 were returned. The low response rate in com-
parison with other studies (Lievaart and Noordhuizen, 
1999; Bergevoet et al., 2004) may have been caused by 
the fact that it was sent during the summer, which is 
indicated by farmers as a bad time to receive a ques-
tionnaire (Pennings et al., 2002), or by the fact that the 
questionnaire was sent by CRV BV, which sends farmers 
a lot of other information. The questionnaire might not 

have been opened. Given the low response rate, a risk of 
response bias exists. When the survey topic is appealing 
to possible respondents, they are more willing to fill out 
the questionnaire (Dillman, 2000; Huang et al., 2003). 
In this survey, farmers who were having VHHM might 
have had higher motivation to fill in the questionnaire 
than farmers without VHHM. An argument to support 
this may be found in Appendix Table A2, where the 
farm performance parameters are compared between 
respondents and nonrespondents. Respondents had a 
significantly higher milk yield, a shorter ClvI, and lower 
AFC, SCC, percentage of new SCC, and percentage of 
high SCC. Given the fact that the difference between 
the participants and nonparticipants in VHHM in our 
study had the same direction as the difference between 
the respondents and nonrespondents, it might very well 
be the case that the nonrespondents group contained a 
relatively large number of farms that were not partici-
pating in VHHM. However, as with all questionnaire 
studies, one has to be careful in generalizing results 
because of the potential bias.

Variables used in the analyses were chosen based on 
availability and importance during VHHM. Figure 1 
provides an overview of the importance of discussed 
topics during VHHM. Fertility, milk production, and 
udder health were discussed most often. We added lon-
gevity of the herd, as it is a societal issue and we believe 
that it will become more important in the future. Data 
collection was, therefore, focused on these 4 topics. 
The most important parameters for those topics were 
selected and used for further analysis.

Data from the MPR was collected at the same time 
the questionnaire was sent and contained all recorded 

Table 2. Outcomes of linear mixed models comparing farm performance parameters between participants and nonparticipants in veterinary 
herd health management (VHHM)1 

Variable

Participant in VHHM (reference: yes) No. of cows

β SE P-value β SE P-value

Milk production (kg of milk/cow per year) −336 69.7 <0.01**
Age at first calving (mo) 0.37 0.13 <0.01**
Cow 56-d nonreturn rate (%) 3.34 0.79 <0.01**
No. of inseminations/cow −0.09 0.03 <0.01**
SCC (×1,000 cells/mL) 8.34 3.47 0.02*
Cows with high SCC (%) 0.92 0.46 0.04*
Cows culled per year (%) −1.05 0.46 0.02*
Age at culling (mo) 2.28 0.59 <0.01** −0.03 0.01 <0.01**
No. of cows −2.28 1.48 0.13
Fat (%) −0.46 1.25 0.71 −4.03 4.66 0.02*
Protein (%) 0.76 0.54 0.16 −1.84 0.72 0.01**
Calving interval (d) 1.34 1.64 0.41 −0.04 0.02 0.05*
Heifer 56-d nonreturn rate (%) 0.63 0.84 0.46 3.53 1.35 <0.01**
No. of inseminations/heifer −0.01 0.02 0.54 −0.01 0.01 <0.01**
Cows with new high SCC (%) 0.13 0.17 0.45 0.67 0.23 <0.01**
1Number of cows was retained in the model when it was (1) significant or (2) had an influence of >20% on the β-estimate (which directly relates 
to the relationship between VHHM and the presented variable). Veterinary practice was used as a random effect.
**P < 0.01; *P < 0.05.
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data from the past 2 yr. Some farmers may have started 
VHHM in those past 2 yr and this may have influenced 
the results. As a check, the analysis was rerun for each 
separate year, to see whether the results would show 
any difference. No significant differences were found be-
tween samples from the first year and the second year, 
leading us to believe that the results were not heavily 
influenced by those farmers.

In this questionnaire, farmers were able to choose 
from 9 VHHM topics. Those topics were based on find-
ings in previous research (Derks et al., 2011, 2012a). In 
theory, other topics than the ones named in this study 
could be discussed during VHHM. To prevent those 
topics being missed, the option “other” was added to 
the list of topics. No specific topic was named more 
than 6 times and, therefore, no topics were added to 
the analysis.

Data were analyzed using linear mixed models and 
linear regression models. This method was chosen over 
methods such as the Student’s t-test or ANOVA for 2 
reasons: first, the ability to correct for herd size: there 
were 27 significant outcomes of the models, of which 9 
were also significantly affected by number of cows. Herd 
size, thus, is of influence in one-third of our significant 
outcomes. In short, because herd size is found to have 
an effect on farm performance, is regularly controlled 
for in other papers, and has an effect on one-third of 
the significant models in this paper, herd size is seen as 
an important variable to control for. Second, the mod-
els used allowed us to correct for veterinary practice. 
Implementation of VHHM differs between farmers, 
veterinarians, and veterinary practices. That makes it 
quite hard to compare between groups. In our study, we 
tried to overcome the differences between farmers, at 
least partially, by dividing them into levels of participa-
tion. We do not have information on the veterinarians, 
but we do have information on the associated veteri-
nary practice. Veterinarian practices might have pro-
tocols for VHHM, or veterinarians might discuss their 
implementation of VHHM among colleagues. Also, 
larger veterinary practices might have more resources 
available (e.g., specialists). Therefore, veterinary prac-
tice could affect the farm performance. This influence 
was statistically checked using the following procedural 
analyses in different models to compare outcomes: a 
t-test, a linear model just correcting for herd size, and 
the final complete model as displayed in the paper.

Next, we used an ANOVA to see if any differences 
existed in means between farms clustered within 
practices. We took all farms clustered in one practice, 
calculated the mean for the practice, and compared 
means between practices. We did so with all practices 
and with practices >10 farms to ensure that strange or 
deviant means because of only 1 or 2 farms per practice T
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were corrected for. In both calculations, all variables 
were statistically significant in the ANOVA.

Finally, we calculated the ICC for each of the lin-
ear mixed models used to compare participants and 
nonparticipants. The ICC was calculated by dividing 
the variance of the random effect by the sum of the 
variance of the added effect and the variance of the 
residuals.

Farmers who participated in VHHM had a higher 
milk production per cow per year (+336 kg), a higher 
number of inseminations per cow (+0.09 inseminations), 
a higher percentage of cows culled per year (+1.05%), 
and a lower AFC (−12 d), a lower 56-d nonreturn rate 
for cows (−3.34%), a lower mean SCC (−8.340 × 1,000 

cells/mL) and percentage high SCC (−0.92%), and a 
lower age at culling (−68.77 d) than nonparticipants 
(Table 2). In terms of economics, the benefits outweigh 
the costs. The mean milk price in 2010 was €0.326/
kg (LTO Noord, Zwolle, the Netherlands); heifer rear-
ing costs were €1,567/heifer (Mohd Nor et al., 2012), 
which is €1.96 per day, given that the mean AFC for all 
respondents was 798.75 d, insemination costs were €20 
per insemination (Inchaisri et al., 2010), and culling 
costs were €480/cow (Huijps et al., 2008). We compare 
2 imaginary farms of 80 cows, of which 1 participates 
and 1 does not. The mean culling rate for respondents 
is 24.78%, which means that every year, 20 cows are 
replaced by heifers. The participating farm has 80 × 

Table 4. Outcomes of linear mixed models comparing farm performance parameters and frequency of discussion of linked veterinary herd health 
management (VHHM) topic1 

Topic Variable

Discussion topic No. of cows

Frequency  
(reference:  
always)2 n β SE P-value β SE P-value

Milk production Milk production (kg milk/cow per year) Regularly 191 −238 101 0.02*
Problems 254 −196 95.4 0.04*
Never 7 −1,096 365 <0.01**

Fat (%) Regularly 191 0.79 2.00 0.69
Problems 254 −2.32 1.88 0.22
Never 7 6.85 7.22 0.34

Protein (%) Regularly 191 −0.72 0.84 0.39 −0.02 0.01 0.03*
Problems 254 −0.21 0.79 0.79
Never 7 5.77 3.02 0.06

Fertility Calving interval (d) Regularly 158 1.12 2.19 0.61
Problems 156 −1.38 2.20 0.53
Never 16 9.35 5.66 0.10

Age at first calving (d) Regularly 158 2.81 5.60 0.62
Problems 156 5.90 5.72 0.30
Never 16 41.3 14.6 <0.01**

Heifer 56-d nonreturn rate (%) Regularly 158 −1.31 1.16 0.26
Problems 156 0.71 1.17 0.54
Never 16 2.14 3.12 0.49

Cow 56-d nonreturn rate (%) Regularly 158 −0.20 1.11 0.86 −0.04 0.01 0.02*
Problems 156 −0.40 1.10 0.71
Never 16 3.25 3.03 0.28

No. of inseminations/heifer Regularly 158 0.04 0.03 0.24 <−0.01 <0.01 0.02*
Problems 156 0.01 0.03 0.65
Never 16 −0.09 0.08 0.18

No. of inseminations/cow Regularly 158 0.01 0.04 0.84
Problems 156 −0.03 0.04 0.45
Never 16 −0.12 0.10 0.26

Udder health SCC (×1,000 cells/mL) Regularly 206 −1.16 4.89 0.81
Problems 169 11.5 5.14 0.03*
Never 59 11.0 7.19 0.13

Cows with high SCC (%) Regularly 206 −0.58 0.64 0.39
Problems 169 1.14 0.67 0.08
Never 59 1.04 0.93 0.25

Cows with new high SCC (%) Regularly 206 −0.36 0.34 0.14 0.01 <0.01 <0.01**
Problems 169 0.32 0.25 0.21
Never 59 0.25 0.35 0.48

1Number of cows was retained in the model when it was (1) significant or (2) had an influence of >20% on the β-estimate (which directly relates 
to the relationship between VHHM and the presented variable).
2Frequency of answer “always”: milk production: n = 161; fertility: n = 283; udder health: n = 179. Problems = topic was only discussed when 
problems arose.
**P < 0.01; *P < 0.05.
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336.59 = 26,927.2 kg of milk/yr more, 20 × 11.21 = 
224.2 fewer rearing days for their heifers, 80 × 0.09 = 
7.2 more inseminations per year, and 80 × 0.015 = 1.2 
more cows culled per year. In euros, this is (26,927.2 
× 0.326) + (224.2 × 1.96) − (7.2 × 20) − (1.2 × 
480) = €8,497.63. That is a gain of €106.22/cow per 
year. So, if the costs for VHHM do not exceed this 
amount, VHHM is beneficial for the farmer. However, 
no current numbers are available on the average costs 
per cow for participation in VHHM. In this calculation, 
we assume that the nonreturn rate (%) is correlated 
with the total number of inseminations, and that the 
difference in SCC is mainly expressed in milk losses. 
Probably, there would be treatment costs involved with 
higher SCC (more clinical mastitis), but the number 
of clinical mastitis cases was not available in this data 
set. The results may, therefore, be even more positive 
for participants, as they have lower SCC and a lower 
percentage of cows with high SCC.

Overall milk production and milk quality appeared 
to be better in farms of VHHM participants. This is in 
line with previous research (Derks et al., 2013). Lon-
gevity and fertility of the herd appeared to be worse. 
Because VHHM focuses on prevention of disease and 
systematic approach of problems, it was expected that 
both fertility and longevity would be improved in par-
ticipating farms. This would also have been in line with 
the research by Sol et al. (1984).

Fertility is perceived by farmers as the most impor-
tant topic of VHHM (Derks et al., 2013). Farmers who 
experience problems with fertility might be more will-
ing to join VHHM. The results for fertility may then be 
biased in a negative direction. Because this was a cross-
sectional study and disease status of the farm was not 
known, this cannot be checked. However, the frequency 
distributions of all fertility parameters were normally 
divided for both participants and nonparticipants, with 
no extreme outliers in the participants category. There-
fore, there is no reason to assume that a few partici-
pants with big fertility problems heavily influenced the 
results. Another possibility is that fertility was worse 
on VHHM farms, as their milk production was higher; 
a negative correlation exists between milk yield and fer-
tility (Berry et al., 2003). However, although significant, 
the differences in milk production were not extreme. A 
third explanation is that the nonparticipating farmers 
in the current study were biased in the more proac-
tive direction. As stated before, farmers tend to fill out 
questionnaires that they are interested in. It is possible 
that especially those farmers that perform well without 
any veterinary advice responded. A fourth explanation 
is that the fertility advice that is given by veterinarians 
does not achieve its goal. Previous studies have shown 
that the communication between farmer and veterinar-

ian is not always optimal (Jansen et al., 2010a; Sorge 
et al., 2010; Derks et al., 2012b). Future studies on the 
relationship between level of compliance and farm per-
formance parameters are, therefore, recommended to 
determine whether not quantity, but quality of advice 
is the better predictor of farm performance.

With regard to culling rate, veterinarians might have 
advised farmers to get rid of their sick or problematic 
cows; they might have advised culling where farmers 
would have otherwise waited. However, this is not in 
line with the findings of Sol et al. (1984), who found 
that participation in VHHM had a positive effect on 
culling rates. In future studies, it would be interesting 
to incorporate the reasons for culling. Those reasons 
were not known here.

Farmers in participation level 3 had a higher per-
centage cows culled per year, shorter ClvI, and lower 
mean SCC, percentage of cows with high SCC and 
new high SCC, and age at culling than farmers in 
participation level 1. Therefore, it seems that farmers 
who participate in an extended form of VHHM have 
better farm performance parameters for fertility and 
udder health, but perform less in terms of longevity of 
the herd. These results may be explained by intrinsic 
motivation of farmers: a study in Denmark showed that 
farmers who participate in a more extended version of 
herd health service are more compliant with veterinary 
advice (Lind, 2012). The previous argument, about the 
veterinarian advising to cull cows may also be valid for 
culling rate.

Only few relationships between frequency of discus-
sion of a specific topic and related farm performance 
parameters were found. This was unexpected, as spe-
cific advice on these topics is expected to have a posi-
tive influence on farm performance parameters related 
to that topic. It might be possible that the farmers 
who discussed this topic with their veterinarian always 
or regularly have had problems in the past. Given 
the cross-sectional nature of the study and the lack 
of animal health data, this cannot be ruled out. Also 
here, the quality of the given advice was not taken into 
account. Perhaps quality of advice is more important 
than quantity. For milk production an increasing fre-
quency of discussion led to a higher milk yield. This is 
in line with the results of Hogeveen et al. (1992). An-
other interesting thought is the codependence between 
the need for advice and the performance on a specific 
topic. In the current study, farm performance variables 
were chosen to be an outcome variable because farm 
performance is believed to be dependent on the amount 
of advice received on that particular topic. However, 
the amount of advice received may also be dependent 
on the farm performance in that particular field. It is 
very well possible that the need for advice increases 
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as problems in that area increase. In that case, the 
analysis should be reversed. However, it is not possible 
to determine the direction of this relationship from our 
data set and, therefore, the original approach was kept.

This study focused on the relationship between 
VHHM and farm performance. It is, however, impor-
tant to remember that the success of VHHM is, at least 
partly, dependent on the relationship and cooperation 
between farmer and veterinarian. Previous research has 
shown that the relationship farmers have with their 
veterinarian is a significant predictor for participation 
in VHHM (Derks et al., 2013). Also, veterinarians are 
not always aware of the goals the farmer wants to reach 
(Kristensen and Enevoldsen, 2008; Derks et al., 2012b; 
Hall and Wapenaar, 2012), although knowledge of the 
farmer’s goals is important for compliance to veterinary 
advice (Sorge et al., 2010). Finally, farmers can be hard 
to reach with preventive advice and sometimes need 
a more tailor-made approach (Jansen et al., 2010b). 
Given the unique relationship between farmer and vet-
erinarian, within our data set, there will have been both 
matches and mismatches. This will have influenced the 
results of our study.

The results of this study show that a positive relation-
ship exists between farm performance parameters and 
(level of participation in) VHHM. It would be interest-
ing to look into longitudinal data to find out whether 
this is a causal relationship. For now, veterinarians can 
use the results of this study to market VHHM to farm-
ers. Especially those farmers who prefer only pregnancy 
checks may be persuaded to expand VHHM with the 
current findings. Veterinarians might also consider, in 
light of the public discussion on animal welfare and 
longevity, reviewing their culling strategy together with 
the farmer.

CONCLUSIONS

Farmers who participated in VHHM had a higher 
milk production per cow per year and a lower mean 
SCC than farmers who did not participate in VHHM. 
They, however, performed worse on fertility and longev-
ity of the herd. Within the population of participat-
ing farmers, extension of the number of VHHM topics 
discussed led to better performance on udder health 
and fertility, but again worse performance on longevity. 
Discussing specific topics did not seem directly related 
to the improvement of farm performance parameters 
related to those topics. Future research should focus 
on longitudinal data to find causal relationships on the 
relationship between quality of advice and farm perfor-
mance parameters and on the (more detailed) financial 
benefits of VHHM for the farmer.
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APPENDIX

Table A1. Descriptive statistics of farm performance parameters of respondents and nonrespondents to the questionnaire 

Variable

Nonrespondents Respondents

n Mean SD Minimum Maximum n Mean SD Minimum Maximum

No. of cows 3,986 86 38.21 34 464 1,013 83 31.46 39 289
Milk production (kg of milk/cow per year) 3,986 8,401 1,031 4,108 12,768 1,013 8,478 1,046 3,533 11,854
Fat (%) 3,986 4.37 0.20 3.45 6.12 1,012 4.36 0.19 3.23 5.19
Protein (%) 3,986 3.53 0.09 3.26 4.26 1,012 3.53 0.08 3.30 3.79
Calving interval (d) 3,986 421 25.26 349 628 1,013 417 24.82 364 642
Age at first calving (mo) 3,392 26.5 2.02 22.2 44.2 883 26.3 1.80 22.9 40.0
Heifer 56-d nonreturn rate (%) 2,977 75.2 11.43 16.50 99.00 798 74.5 11.01 28.50 99.00
Cow 56-d nonreturn rate (%) 3,755 66.8 11.64 27.50 99.50 968 65.9 11.46 35.00 99.00
No. of inseminations/heifer 3,084 1.56 0.31 1.01 4.15 819 1.57 0.30 1.01 3.00
No. of inseminations/cow 3,802 1.89 0.37 1.01 3.87 979 1.91 0.37 1.01 3.73
SCC (×1,000 cells/mL) 3,984 228 58.21 129.9 744.9 1,012 220 51.26 138.9 565.1
Cows with high SCC (%) 3,967 20.3 7.21 0.3 57.0 1,006 19.5 6.68 3.3 47.8
Cows with new high SCC (%) 3,967 9.0 2.56 0.3 20.2 1,006 8.7 2.49 2.4 16.9
Cows culled per year (%) 3,986 25.2 7.15 3.9 79.4 1,013 24.8 6.89 5.8 52.3
Age at culling (mo) 3,986 70.4 8.81 25.4 122.1 1,013 70.5 9.02 49.8 108.4

Table A2. Outcomes of linear mixed models comparing farm performance parameters between respondents and nonrespondents to the questionnaire1 

Variable

Respondent (reference: yes) No. of cows

β SE P-value β SE P-value

Milk production (kg of milk/cow per year) −84.0 35.7 0.02* 2.02 0.40 <0.01**
Fat (%) 0.94 0.66 0.16
Protein (%) −0.04 0.30 0.99 −0.02 0.01 <0.01**
Calving interval (d) 3.49 0.85 <0.01** −0.04 0.01 <0.01**
Age at first calving (mo) 0.24 0.10 <0.01** −0.22 0.03 <0.01**
Heifer 56-d nonreturn rate (%) 0.71 0.45 0.11 0.03 <0.01 <0.01**
Cow 56-d nonreturn rate (%) 0.90 0.41 0.03* 0.02 <0.01 <0.01**
No. of inseminations/heifer −0.01 0.01 0.30 −0.01 <0.01 <0.01**
No. of inseminations/cow −0.02 0.01 0.08 <0.01 <0.01 0.01**
SCC (×1,000 cells/mL) 7.58 7.98 <0.01**
Cows with high SCC (%) 0.83 0.25 <0.01**
Cows with new high SCC (%) 0.29 0.09 <0.01** 0.01 <0.01 <0.01**
Cows culled per year (%) 0.28 0.24 0.23 0.01 <0.01 0.02*
Age at culling (mo) 0.10 0.29 0.72 −0.80 0.10 <0.01**
1Number of cows was retained in the model when it was (1) significant or (2) had an influence of >20% on the β-estimate (which directly relates to the relationship between vet-
erinary herd health management and the presented variable). Veterinary practice was used as a random effect.
**P < 0.01; *P < 0.05.
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