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Abstract

A meta-analysis was performed to consolidate the results of studies which have evaluated the effects of Vitamin E
supplementation during the dry period on the risk of retained foetal membranes (RFM) in the dairy cow. Twenty studies
demonstrated a beneficial response to Vitamin E whilst 21 found no benefit and 3 reported an increase in the incidence of REM in
treated cows. The odds ratios (OR) of the available studies exhibited significant heterogeneity, so multivariable logistic regression
analysis was performed to enable the identification of factors associated with the response to Vitamin E supplementation. Our
multivariable analysis included parity and Vitamin E supplementation (control/treated) in the model, because all other factors were
co-linear. Results indicated that Vitamin E supplementation led to a reduction in the incidence of RFM. A second multivariable
analysis was undertaken on a subset of the data including only supplemented cows to determine the influence of supplementation
factors on the risk of RFM. All factors were co-linear with each other, therefore, only type of Vitamin E supplementation was
included in this analysis. The regression model demonstrated that administration of the synthetic Vitamin E a-tocopheryl acetate
was associated with a lower risk of RFM than treatment with natural Vitamin E (a-tocopherol) (P = 0.047, OR = 0.49), whereas the
difference between the synthetic Vitamin E a-tocopherol acetate and natural Vitamin E just failed to attain statistical significance
(P =0.059, OR = 0.53). Overall the analyses indicate that Vitamin E supplementation during the dry period is associated with a
reduced risk of RFM, and that the synthetic forms of Vitamin E are more effective than the natural compound.
© 2006 Elsevier Inc. All rights reserved.
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1. Introduction maternal-foetal union to separate, whilst 20% occur due
to either entrapment of the membranes at the cervix or

Retained foetal membranes (RFM) is usually defined reduced strength of myometrial contractions [1].

as the inability of the cow to expel the foetal membranes Subsequent reproductive performance is reduced in
within 24 h following parturition [1]. Approximately cows which retain their foetal membranes. Such cows
80% of all cases of RFM occur due to failure of the are more likely to develop metritis or endometritis, have

a longer post-partum interval to ovulation and have an
increased calving-to-conception interval [2]. The

* Corresponding author at: Department of Veterinary Basic average incidence of RFM in the UK is estimated to
Sciences, Royal Veterinary College, Hawkshead Lane, North be between 4 and 8% [1]. The high cost of cach case of
Mymms, Hatfield, Herts AL9 7TA, UK. Tel.: +44 1707 666333; X . g .
fax: +44 1707 666371. RFM emphasises the need for prophylactic treatments

E-mail address: nbourne@rvc.ac.uk (N. Bourne). to reduce the risk of disease [3].

0093-691X/$ — see front matter © 2006 Elsevier Inc. All rights reserved.
doi:10.1016/j.theriogenology.2006.08.015


mailto:nbourne@rvc.ac.uk
http://dx.doi.org/10.1016/j.theriogenology.2006.08.015

N. Bourne et al. / Theriogenology 67 (2007) 494-501 495

An increase in the incidence of RFM has been linked
to areas with a high incidence of nutritional muscular
dystrophy. This disease is associated with a deficiency
in selenium or Vitamin E; thus, an increased incidence
of RFM was thought to be associated with a deficiency
of Vitamin E or selenium in the cow [4]. Vitamin E and
selenium work synergistically and have similar yet
independent roles in protecting tissues from oxidative
damage [5].

A decrease in blood concentrations of Vitamin E has
been reported in the last 2 weeks before calving [6]. At
the same time, there is a reduction in the ability of the
immune system to respond to infection associated with
a reduction in superoxide production and killing ability
of neutrophils [7]. In-feed or injectable supplementation
of Vitamin E in the last 4-6 weeks of gestation can
prevent the decline in blood Vitamin E concentrations
and enhance the killing ability of neutrophils [8].

Many studies have investigated the effect of
Vitamin E supplementation on the incidence of
RFM; however, the results published have not been
consistent. These inconsistencies might be related to
many factors including nutrition, management, breed
or age of cattle or the cause of RFM. If Vitamin E is
found to be of benefit in reducing the risk of RFM, it
might be used as a relatively low cost prophylactic
treatment and thus increase dairy cow fertility and
profitability and, more importantly, improve dairy
cow welfare. We carried out a meta-analysis to
consolidate results of previous studies assessing the
effects of Vitamin E supplementation on the incidence
of RFM in dairy cows. Such an analysis should
identify the factors causing the inconsistencies
between previous studies and thus help to identify
target groups of dairy cattle that might benefit from
Vitamin E supplementation.

2. Materials and methods

Papers of all languages, providing an abstract in
English, published after 1972 were sought using the on-
line journal databases Web of Science (ISI, UK),
Medline (US National Library of Medicines) and CAB
(CABI Publishing). Further papers were found by cross-
referencing citations in retrieved articles. All non-
English papers were translated. To obtain unpublished
studies, and thus reduce publication bias, an attempt
was made to contact all authors of papers found. No
unpublished studies could be located. Twenty-two
journal articles describing 44 studies that met the
following criteria were included in the meta-analysis.
To be included all papers had to meet the following

criteria: (a) treated cows received Vitamin E supple-
mentation during the dry period or immediately after
calving; (b) data on a group of control cows were
included; (c) cows were allocated at random to the
supplemented group; (d) the number of cows in both
control and treated groups retaining their foetal
membranes was recorded. Although the length of time
to define a RFM case varied, the minimum and
maximum periods were 6 and 24 h, respectively. All
study reports indicated Vitamin E supplementation was
given in the dry period but the route, amount, type and
timing varied between studies. To maximise the number
of studies included in the analysis, an initial multi-
variable analysis (Analysis 1) was conducted in which
treatment was defined as any type of Vitamin E
administered at any time during the dry period. The
studies selected for this analysis utilised a range of
different Vitamin E treatment protocols. The amount of
Vitamin E and selenium supplemented was categorised
by ranking the studies and dividing doses into
approximate tertiles. Vitamin E supplementation was
categorised into <680 IU, 680 IU and >680 IU, the
smallest dose was 70 IU and the maximum dose was
3000 IU. Selenium supplementation doses were divided
into none, <25 and >25 mg, the maximum dose being
50 mg. Due to the complexity of dietary details, studies
were divided into those using intensive feeding, where
concentrates were fed, and non-intensive, where silage,
pasture or hay only was supplied. Details of manage-
ment and supplementation protocols are summarised in
Table 1.

An odds ratio, assessing the effect of Vitamin E
supplementation on the incidence of RFM, was
calculated for each study. The assumption that
individual odds ratios were homogenous across study
populations was statistically tested by deriving the
heterogeneity statistic (G), which exhibits a x*
distribution [9]. A quadrature check was then used to
determine whether a random effects logistic regression
analysis could be used to determine the sources of
heterogeneity. A generalised estimating equation (GEE)
approach with robust standard errors was used for
analysis.

Univariable analyses were conducted on the five
categorical variables (Table 2) and those significant at
P < 0.25 were assessed for co-linearity with each other
using the chi-squared test. For pairs of variables found
to be significantly associated with each other
(P £0.05), the variable deemed the most biologically
plausible was used as a candidate in the GEE analysis.
These variables were tested for significance in the
model using a Wald test [10].



496 N. Bourne et al. / Theriogenology 67 (2007) 494-501
Table 1
Details of management and supplementation protocols for each study
Study  Vitamin E  Vitamin Route Timing®  Selenium  Size of  Age of Breed Feed
amount” E type amount® study cows
(18)) (mg)
1 680 a-Tocopherol acetate  Intra-muscular 28 <25 65 Friesian Non-
intensive
2 680 a-Tocopherol acetate  Intra-muscular 28 <25 35 Frisian Non-
intensive
3 680 a-Tocopherol acetate  Intra-muscular 30 >25 92 Other
4 680 a-Tocopherol acetate  Intra-muscular 30 >25 60 Other
5 680 a-Tocopherol acetate  Intra-muscular 30 >25 23 Other
6 <680 o-Tocopheryl acetate  Intra-muscular 20 <25 72 Primiparous  Holstein
7 <680 a-Tocopheryl acetate  Intra-muscular 20 <25 168 Multiparous  Holstein
8 <680 o-Tocopheryl acetate  Intra-muscular 20 <25 35 Primiparous  Holstein
9 <680 a-Tocopheryl acetate  Intra-muscular 20 <25 104 Multiparous  Holstein
10 >680 o-Tocopheryl acetate  Intra-muscular 20 <25 54 Primiparous  Holstein
11 >680 a-Tocopheryl acetate  Intra-muscular 20 <25 166 Multiparous  Holstein
12 <680 a-Tocopherol acetate  Intra-muscular 20 <25 58 Primiparous ~ Holstein Intensive
13 <680 a-Tocopherol acetate  Intra-muscular 20 <25 60 Primiparous ~ Holstein
14 <680 a-Tocopherol acetate  Intra-muscular 20 <25 57 Primiparous  Holstein
15 <680 a-Tocopherol acetate  Intra-muscular 20 <25 124 Multiparous ~ Holstein
16 <680 o-Tocopherol acetate  Intra-muscular 20 <25 126 Multiparous  Holstein
17 <680 a-Tocopherol acetate  Intra-muscular 20 <25 123 Multiparous  Holstein
18 >680 a-Tocopherol Intra-muscular 11 None 137 Primiparous  Holstein
19 >680 a-Tocopherol Intra-muscular 11 None 283 Multiparous  Holstein
20 680 a-Tocopherol acetate  Intra-muscular 28 <25 140 Multiparous  Friesian Intensive
21 680 o-Tocopheryl acetate  Intra-muscular 21 >25 198 Multiparous  Holstein Intensive
22 680 a-Tocopherol acetate  Intra-muscular 20 >25 77 Multiparous ~ Holstein
23 680 a-Tocopherol acetate  Intra-muscular 20 >25 217 Multiparous  Holstein
24 680 a-Tocopherol acetate  Intra-muscular 20 >25 146 Multiparous ~ Holstein
25 680 a-Tocopherol acetate  Intra-muscular 20 >25 31 Multiparous Intensive
26 680 a-Tocopherol acetate  Intra-muscular 25 >25 57 Holstein Non-
intensive
27 >680 a-Tocopheryl acetate ~ Subcutaneous 7 None 1142
28 <680 Intra-muscular 0 <25 40 Multiparous  Crossbreed
29 >680 o-Tocopheryl acetate  In feed 60 None 40 Multiparous  Other Intensive
30 680 o-Tocopheryl acetate  Intra-muscular 21 >25 82 Holstein
31 680 a-Tocopherol acetate  Intra-muscular 21 >25 195 Intensive
32 >680 o-Tocopheryl acetate  In feed 60 None 39 Multiparous Intensive
33 <680 a-Tocopheryl acetate  Intra-muscular 17 >25 50
34 >680 a-Tocopherol Intra-muscular 16 >25 407 Crossbreed ~ Non-
intensive
35 >680 o-Tocopheryl acetate  In feed 42 None 36 Other Intensive
36 <680 a-Tocopheryl acetate  In feed 60 None 76 Holstein Intensive
37 >680 Intra-muscular 21 >25 60 Holstein
38 <680 Intra-muscular 20 None 60 Holstein
39 <680 Intra-muscular 20 >25 60 Holstein
40 680 a-Tocopherol Intra-muscular 28 >25 106 Holstein
41 680 a-Tocopherol Intra-muscular 28 >25 139 Holstein
42 680 a-Tocopherol Intra-muscular 28 >25 119 Holstein
43 680 a-Tocopherol Intra-muscular 28 >25 464 Holstein
44 >680 a-Tocopherol Intra-muscular 28 None 413 Holstein

* One off dose with the exception of studies 29, 32, 35 and 36.

® Days prior to expected calving date.

A subset of the data, including only treated animals,
underwent similar univariable, co-linearity and multi-
variable analyses (Analysis 2) to determine the
influence of supplementation protocol, for example

the type of Vitamin E supplemented, on the risk of RFM
among treated animals.

Descriptive statistical analysis was completed using
SPSS Version 11 (SPSS Inc., Chicago, USA), whilst the
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Table 2

Variables from the studies included in this meta-analysis that underwent individual screening in a univariable analysis

Study variables

Significance in univariable regression

Treated animals
only (Analysis 2)

All animals
(Analysis 1)

Vitamin E supplementation Control; Vitamin E supplementation P < 0.001 -

Parity Primiparous; multiparous P =0.004 P=0.013
Breed Holstein; Friesian; crossbred; other P=0.148 P=0.016
Housing Individually; grouped P =0.052 P < 0.001
Feed Non-intensive; intensive P=0.054 P=0.011
Route of Vitamin E administration Intramuscular; subcutaneous; in feed P =0.093
Amount of Vitamin E supplemented <680 1U; 680 IU; >680 IU P=0418
Time Continuous P < 0.001
Type of Vitamin E supplemented a-Tocopherol (natural); a-tocopherol acetate P <0.001

(synthetic); a-tocopheryl acetate (synthetic)
Selenium supplementation None; <25 mg; >25 mg P < 0.001

multivariable analysis was completed using the STATA
statistical package, Version 8 (StataCorp LP, Texas,
USA).

3. Results

The odds ratios for each study are shown in Table 3.
Whilst 20 studies indicated a positive association
between supplementation and the risk of RFM, 3 studies
reported a negative association and 21 found no
significant association at P < 0.10.

The heterogeneity statistic for these 44 studies (G)
was 133 (P < 0.001) indicating that the odds ratios
differed significantly from each other. A quadrature
check found that a random effects logistic regression
analysis was unstable for this dataset (relative
difference >0.01).

For Analysis 1, a univariable analysis determined
that all factors tested (supplementation, parity, breed,
housing and feed) showed some association with the
risk of RFM at P < 0.25 (Table 2). These factors were
assessed for co-linearity, which showed that all pairs of
factors were collinear with each other (P < 0.01) with
the exception of supplementation. Parity (first calving
or multiparous) was selected as the most biologically
relevant factor to include, alongside supplementation, in
the multivariable model. This final GEE model
contained 2495 observations on supplementation and
parity. Supplemented cattle had a significantly reduced
of RFM (OR=0.47, CI 0.33-0.67, P < 0.0001).
Although multiparous cows tended to have a higher
risk of RFM than cows calving for the first time,
regardless of supplementation, this difference was not
significant (OR=1.47, CI 1.16-2.11, P=0.154)
(Table 4).

The univariable analysis for Analysis 2 investigated
only treated animals. Additional variables included
which related to the type of Vitamin E treatment given
were route of administration, amount, time in relation to
calving, type of Vitamin E and the additional inclusion
of selenium. The initial analysis concluded that all but
two factors were significantly associated with the risk of
RFM (Table 2). Co-linearity, however, existed between
all factors, thus only type of Vitamin E was included in a
final multivariable analysis, as this was deemed most
biologically relevant. This model contained 2558
observations. Results indicated that treatment with
either type of synthetic Vitamin E (a-tocopherol acetate
and a-tocopheryl acetate) was associated with a lower
risk of RFM compared with treatment with natural
Vitamin E (a-tocopherol) (OR =0.53 and 0.49, CI
2.75-0.02 and 0.24-0.99, P = 0.059 and 0.047, respec-
tively) (Table 5).

4. Discussion

Much work has been undertaken on the effect of
Vitamin E supplementation (with or without selenium)
on the incidence of RFM. The literature search for this
analysis alone identified 44 studies which complied
with the specific criteria outlined above. However, there
was a significant variation in findings between studies
which limits the conclusions that can be drawn from a
simple analysis. Thus, the data are ideal for a meta-
analysis. Meta-analyses are of great value as the large
combined sample size is greater than those of individual
studies resulting in an increased power of investigation
and an improved chance of extracting significant effects
[11]. This is of particular importance when assessing a
disease of low prevalence, as in the case of RFM, which
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Table 3
The incidence and odds ratios of RFM for each study included in this meta-analysis
Study (Ref.) Number of animals in study Incidence of RFM OR OR Chi square Effect®
Control Supplemented Confidence Interval
1[11] 65 19 of 45 0 of 20 0.000 —0.736 0.736 <0.001 +
2 [11] 35 7 of 19 1 of 16 0.114 —2.114 2.343 0.037 +
3 [12] 92 16 of 39 6 of 53 0.184 —0.879 1.246 0.001 +
4 [12] 60 12 of 23 4 of 37 0.111 —1.210 1.433 0.001 +
5[12] 23 7 of 9 0of 14 0.000 —1.657 1.657 <0.001 +
6 [13] 72 2 of 36 1 of 36 0.486 —1.961 2.932 0.500 0
7 [13] 168 25 of 92 7 of 76 0.272 —0.631 1.175 0.002 +
8 [13] 35 1of 17 1 of 18 0.941 —-1.914 3.796 0.743 0
9 [13] 104 24 of 55 7 of 49 0.215 —0.746 1.177 0.001 +
10 [13] 54 7 of 32 1 of 22 0.170 —2.004 2.344 0.081 +
11 [13] 166 13 of 90 11 of 76 1.002 0.134 1.871 0.584 0
12 [13] 58 9 of 29 2 of 29 0.165 —1.473 1.802 0.021 +
13 [13] 60 9 of 29 4 of 31 0.329 —0.983 1.641 0.082 +
14 [13] 57 9 of 29 3 of 28 0.267 —1.166 1.700 0.059 +
15 [13] 124 17 of 63 6 of 61 0.295 —0.715 1.305 0.012 +
16 [13] 126 17 of 63 10 of 63 0.511 —0.365 1.386 0.096 +
17 [13] 123 17 of 63 16 of 60 0.984 0.186 1.782 0.565 0
18 [14] 137 9 of 75 1 of 62 0.120 —1.975 2215 0.019 +
19 [14] 283 18 of 141 12 of 142 0.631 —0.140 1.402 0.162 0
20 [15] 140 35 of 79 4 of 61 0.088 —1.019 1.195 <0.001 +
21 [15] 198 10 of 99 3 of 99 0.278 —1.044 1.600 0.041 +
22 [16] 77 7 of 34 7 of 43 0.750 —0.410 1.910 0.422 0
23 [16] 217 28 of 110 16 of 107 0.515 —0.168 1.198 0.039 +
24 [16] 146 5of 72 16 of 74 3.697 2.633 4.761 0.010 —
25 [17] 31 10 of 26 0of5 0.000 —1.180 1.180 0.120 0
26 [18] 57 8 of 29 9 of 28 1.243 0.107 2.380 0.465 0
27 [19] 1142 82 of 571 86 of 571 1.057 0.730 1.385 0.401 0
28 [20] 42 5 of 20 3 of 20 0.529 —1.061 2.120 0.347 0
29 [21] 40 7 of 20 2 of 20 0.206 —1.519 1.932 0.064 +
30 [22] 82 13 of 42 9 of 40 0.648 —0.342 1.637 0.270 0
31 [23] 195 19 of 96 22 of 99 1.158 0.468 1.848 0.405 0
32 [24] 39 3 of 19 4 of 20 1.333 —-0.316 2.983 0.531 0
33 [25] 50 5 of 25 4 of 25 0.762 —0.689 2212 0.500 0
34 [26] 407 46 of 217 47 of 190 1.222 0.759 1.685 0.233 0
35 [27] 36 30of 18 3 of 18 1.000 —0.753 2.753 0.671 0
36 [28] 76 11 of 38 14 of 38 1.432 0.470 2.394 0.313 0
37 [29] 60 10 of 29 3 of 31 0.204 —-1.212 1.619 0.021 +
38 [30] 60 9 of 30 8 of 30 0.848 —0.276 1.973 0.500 0
39 [30] 60 9 of 30 4 of 30 0.359 —0.952 1.670 0.105 0
40 [31] 68 29 of 36 9 of 32 0.094 —1.035 1.224 <0.001 +
41 [31] 119 17 of 92 3 of 27 0.551 —0.759 1.862 0.280 0
42 [31] 88 5 of 25 26 of 63 2.811 1.710 3912 0.043 -
43 [31] 354 85 of 275 25 of 79 1.189 0.641 1.737 0.288 0
44 [31] 310 85 of 275 18 of 35 2.367 1.656 3.077 0.014 -

 Significant positive effect at P < 0.1 +; no significant effect 0; significant negative effect —.

has a prevalence of between 4 and 8% in the UK herd
[1]. Used effectively meta-analyses can reduce a large
amount of information from many trials to a manage-
able size, reducing the need for further field trials. They
can also determine whether there is consistency
between trials and explain discrepancies between
findings [9]. This analysis combined data on approxi-

mately 2500 animals, considerably larger than any
individual trial.

There are three main problems associated with the
use of meta-analyses. Firstly, the studies used must be of
satisfactory quality so that their findings are sufficiently
robust for inclusion. Secondly the studies must be
comparable with similar aims and differences that are
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Table 4

Results from the final generalised estimating equation model of a multivariable analysis of the factors influencing the risk of RFM (Analysis 1)
Independent variable in the model QOdds ratio Confidence intervals (95%) P-value
Treatment with Vitamin E supplementation 0.47 0.33-0.66 <0.001
Parity® 1.47 0.86-2.50 0.154

Number of observations = 2495, number of groups (studies) = 23, Wald chi-squared (2) = 17.88 (P < 0.001).

* First calving or multiparous.

categorisable. These two problems were overcome in
this analysis by setting clear selection criteria and
identifying clear categories for comparison between
studies (summarised in Table 2). The third problem is
one of publication bias. In this analysis, further
unpublished studies were sought to reduce this risk.
This analysis suggests that Vitamin E supplementa-
tion during the dry period in dairy cattle reduces the risk
of RFM. Approximately half of the individual studies
included in this paper showed a significant benefit of
supplementation and inclusion of all studies in a
multivariable model showed supplementation reduced
the risk of RFM with an odds ratio of 0.47. However, the
heterogeneity of odds ratios between studies means that
such an overall odds ratio is not statistically valid. This
heterogeneity also indicates that the response to
Vitamin E supplementation is significantly influenced
by the factors which varied between studies such as
parity and breed, along with housing and feeding
protocols. This is in agreement with previous risk
analyses identifying parity [32], housing system [33]
and breed [32] as influencing the prevalence of RFM.
Unfortunately, due to the confounding effects of co-
linearity, the management and cow factors included in
this analysis could not be fully explored and thus a
preferred management system could not be identified.
There are thought to be three reasons behind the
aetiology of RFM; mechanical obstruction, failure
of the myometrium to contract and failure of the feto-
maternal union to separate [1]. It is hypothesised
that 80% of cases of RFM are due to the failure of the
feto-materal union to separate. Although the mechan-
isms associated with the separation of foetal and
maternal tissues are poorly understood, there have been

suggestions of insufficient leukocyte activity immedi-
ately post-partum resulting in inadequate collagen
breakdown of the tissues and thus a failure of tissue
separation [34]. Vitamin E supplementation has been
shown to enhance various aspects of the immune system
including enhanced migration and chemotaxis of
polymorphonuclear cells [35] and increased chemotaxic
responsiveness by blood neutrophils [7]. Vitamin E
supplementation may reduce the prevalence of RFM
through enhancement of the immune system and thus
encourage tissue separation. RFM caused by either
mechanical obstruction or failure of the myometrium to
contract are probably not affected by antioxidant status.
The different primary reasons behind RFM may explain
the variation in findings reported in the trials included in
this analysis.

Parity did not achieve statistical significance in the
final multivariable model although there was a trend
towards a higher risk in multiparous cows. Erb and
Martin [32] previously reported an effect of parity,
although in that study primiparous animals were at
greater risk of RFM, possibly due to a higher incidence
of dystocia and shorter gestation lengths in primiparous
animals, both of which are risk factors for RFM.
Reasons why multiparous animals may, however, be at a
greater risk of RFM could be due to an increase in
negative energy balance and hypocalcaemia, risk
factors which are more common in multiparous animals
[36]. No research has investigated why there might be
such a difference in the response to Vitamin E
supplementation with regards risk of RFM, between
primi- and multiparous animals, although the cause of
RFM (mechanical obstruction, etc.) may differ between
age groups.

Table 5

Results from the final model of a multivariable analysis of the influence of type of Vitamin E supplementation on the risk of RFM
Independent variable in the model QOdds ratio Confidence intervals (95%) P-value
Natural compared with a-tocopherol acetate (synthetic) 0.27-1.02 0.059
Natural compared with a-tocopheryl acetate (synthetic) 0.24-0.99 0.047

This model included treated animals only (Analysis 2). Number of observations = 2558, number of groups (studies) =40, Wald chi-squared

(2)=4.31 (P =0.116).
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There were significant differences between studies in
supplementation protocol. Some studies used daily, in-
feed supplementation while others used one off
parenteral injections. In some cases selenium supple-
mentation was used in addition to Vitamin E, in others
Vitamin E supplementation alone was used. Careful
classification of these factors prior to the meta-analysis
allows factors to be included in the meta-analysis.
Indeed a meta-analysis is an ideal way of assessing the
importance of such factors.

When assessing the effects of supplementation
protocol factors on those animals receiving Vitamin
E, route and amount of Vitamin E were not significant.
Due to co-linearity between type and timing of
supplementation treatment, an ideal Vitamin E supple-
mentation protocol could not be identified. This study
found that the synthetic types of Vitamin E tended to be
more effective than the natural compound in reducing
the risk of RFM. This may be because synthetic Vitamin
E tends to be more stable to environmental degradation
than natural Vitamin E [37]. In the majority of studies
(35/44, 80%) cows treated with vitamin E also received
selenium. The level of selenium supplementation was
found to have a significant effect on the response of
RFM. Thus, it is possible that some of the apparent
effects of Vitamin E may be actually related to selenium
supplementation. Indeed one paper [13], data from
which were included in our analysis, concluded that
selenium alone was at least as effective as a
combination of selenium and Vitamin E in reducing
the incidence of RFM. However, from the data included
in our analysis cattle supplemented with Vitamin E
alone had 17% fewer cases of RFM than control cattle in
the same studies (P = 0.08). Nevertheless this analysis
has shown that there is currently insufficient published
data to establish conclusively whether Vitamin E
supplementation on its own is useful for the prevention
of RFM.

In conclusion, this meta-analysis indicates a benefit
of Vitamin E supplementation during the dry period on
reducing the risk of RFM and that synthetic Vitamin E
tends to be more effective than natural Vitamin E.
However, because there were insufficient studies which
evaluated the effect of Vitamin E alone on RFM, much
of the apparent significant benefit of Vitamin E may be
mediated by selenium. Also further work is required to
assess the relative efficacies of different sources of
Vitamin E, as no study to date has specifically compared
synthetic and natural Vitamin E. Finally, the mechanism
by which Vitamin E and/or selenium supplementation
reduces the risk of RFM in dairy cows also needs to be
determined.

Acknowledgements

The authors would like to thank Dr. Aviva Petrie for
her statistical advice. This work was supported by
funding from DEFRA and Roche Vitamins.

References

[1] Laven RA, Peters AR. Bovine retained placenta: aetiology,
pathogenesis and economic loss. Vet Rec 1996;139:465-71.

[2] Noakes DE. Infertility in the cow: general considerations, ana-
tomical, function and management causes. In: Noakes DE,
Parkinson TJ, England GCW, editors. Veterinary reproduction
and obstetrics. Harcourt Publishers Limited; 1998. p. 345-88.

[3] Esslemont P, Kossaibati M. The costs of poor fertility and disease
in UK dairy herds. Intervet; 2002.

[4] Trinder N, Hall RJ, Renton CP. The relationship between the
intake of selenium and vitamin E on the incidence of retained
placentae in dairy cows. Vet Rec 1973;93:641-4.

[5] ARC. The nutrient requirements of ruminant livestock, CAB
International; 1980.

[6] Weiss WP, Hogan JS, Todhunter DA, Smith KL. Effect of

vitamin E supplementation in diets with a low concentration

of selenium on mammary gland health of dairy cows. J Dairy Sci
1997;80:1737-8.

Politis I, Hidiroglou N, White JH, Gilmore JA, Williams SN,

Scherf H, et al. Effects of vitamin E on mammary and blood

leukocyte function, with emphasis on chemotaxis, in peripar-

turient dairy cows. Am J Vet Res 1996;57:468-72.

Politis I, Hidiroglou M, Batra TR, Gilmore JA, Gorewit RC,

Scherf H. Effects of vitamin E on immune function of dairy

cows. Am J Vet Res 1995;56:179-84.

[9] Petrie A, Bulman JS, Osborn JF. Further statistics in dentistry.
Part 8. Systematic reviews and meta-analyses. Br Dent J
2003;194:73-8.

[10] Wald A. Tests of statistical hypotheses concerning several
parameters when the number of observations is large. Trans
Am Math Soc 1943;54:426-82.

[11] Trinder N, Woodhouse CD, Renton CP. The effect of vitamin E
and selenium on the incidence of retained placentae in dairy
cows. Vet Rec 1969;85:550-3.

[12] Julien WE, Conrad HR, Jones JE, Moxon AL. Selenium and
vitamin E and incidence of retained placenta in parturient dairy
cows. J Dairy Sci 1976;59:1954-9.

[13] Eger S, Drori D, Kadoori I, Miller N, Schindler H. Effects of
selenium and vitamin E on incidence of retained placenta. J
Dairy Sci 1985;68:32119-22.

[14] Erskine RJ, Bartlett PC, Herdt T, Gaston P. Effects of parenteral
administration of vitamin E on health of peri-parturient dairy
cows. J Am Vet Med Assoc 1997;211:466-9.

[15] Arechiga CF, Ortiz O, Hansen PJ. Effect of prepartum injection
of vitamin E and selenium on postpartum reproductive function
of dairy cattle. Theriogenology 1994;41:1251-8.

[16] Segerson EC, Riviere GJ, Dalton HL, Whitacre MD. Retained
placenta of Holstein cows treated with selenium and vitamin E. J
Dairy Sci 1981;64:1833-6.

[17] Julien WE, Conrad HR, Moxon AL. Selenium and vitamin E and
incidence of retained placenta in parturient dairy cows II.
Prevention in commercial herds with pre-partum treatment. J
Dairy Sci 1976;59:1960-2.

[7

—

[8

[t}



N. Bourne et al./Theriogenology 67 (2007) 494-501 501

[18] Ishak MA, Larson LL, Owen FG, Lowry SR, Erickson ED.
Effects of selenium, vitamins and ration fibre on placental
retention and performance of dairy cattle. J Dairy Sci
1983;66:99-106.

[19] LeBlanc SJ, Duffield TF, Leslie KE, Bateman KG, TenHag J,
Walton JS, et al. The effect of prepartum injection of vitamin E
on health in transition dairy cows. J Dairy Sci 2002;85:1416-26.

[20] Kumar H, Mahmood S. The use of fast acting antioxidants for the
reduction of cow placental retention and subsequent endome-
tritis. Indian J Anim Sci 2001;71:650-3.

[21] Mueller FJ, Miller JK, Ramsey N, DeLost RC, Madsen FC.
Effects of vitamin E and excess iron on placental retention and
subsequent milk yield in dairy cows. J Anim Sci 1989;67(Suppl
1):564.

[22] Morrow DA, Thomas JW, Marteniuk JV, Stowe HD. Effects of
vitamin E and selenium on periparturient diseases and fertility in
dairy cows. J Anim Sci 1980;51(Suppl 1):382.

[23] Schingoethe DJ, Kirkbride CA, Palmer IS, Owens MJ, Tucker
WL. Response of cows consuming adequate selenium to vitamin
E and selenium supplementation prepartum. J Dairy Sci
1982;65:2338-44.

[24] Harrison JH, Hancock DD, Conrad HR. Vitamin E and
selenium for reproduction of the dairy cow. J Dairy Sci
1984;67:123-32.

[25] Pavlicek A, Misljenovic Z, Veber V. Use of selenium and vitamin
preparations to prevent placental retention in high yielding dairy
cows. Vet Glasnik 1979;33:451-4.

[26] Hidiroglou M, McAllister AJ, Williams CJ. Prepartum supple-
mentation of selenium and vitamin E to dairy cows: assessment
of selenium status and reproductive performance. J Dairy Sci
1987;70:1281-8.

[27] Campbell MH, Miller JK. Effect of supplemental dietary vitamin
E and zinc on reproductive performance of dairy cows and
heifers fed excess iron. J Dairy Sci 1998;81:2693-9.

[28] Stowe HD, Thomas JW, Johnson T, Marteniuk JV, Morrow DA,
Ullrey DE. Responses of dairy cattle to long-term and short-term
supplementation with oral selenium and vitamin E. J Dairy Sci
1988;71:1830-9.

[29] Shin S, Jo C. Effects of selenium-vitamin E administration and
serum mineral levels on incidence of retained fetal membranes in
dairy cows. Korean J Vet Res 1987;27:117-26.

[30] Kim HS, Lee JM, Park SB, Jeong SG, Jung JK, Im KS. Effect of
vitamin E and selenium administration on the reproductive
performance in dairy cows. Asia—Australian J Anim Sci
1997;10:308-12.

[31] Shigemoto BS, Stanley RW, Olbrich SE. The effect of selenium
and/or vitamin E on the incidence of retained placenta in
Hawaii’s dairy herd. Proc Western Section Am Soc Anim Sci
1980;31:280-3.

[32] Erb HN, Martin SW. Age, breed and seasonal patterns in the
occurrence of ten dairy cow diseases: a case control study. Can J
Comp Med 1978;42:1-9.

[33] Bendixen PH, Vilson B, Ekesbo I, Astrand DB. Disease fre-
quencies in dairy cows in Sweden. II. Retained placenta. Prev
Vet Med 1987:4(5/6):377-87.

[34] Kimura K, Goff JP, Kehrli ME, Reinhatdt TA. Decreased
neutrophil function as a cause of retained placenta in dairy
cattle. J Dairy Sci 2002;85:544-50.

[35] Ndiweni N, Finch JM. Effects of in vitro supplementation with
a-tocopherol and selenium on bovine neutrophil functions:
implications for resistance to mastitis. Vet Immunol Immuno-
pathol 1996;51:67-78.

[36] Chassagne M, Chacormac JP. Blood metabolites as indicators of
nutritional risk-factorsss for retained placenta in the dairy cow.
Vet Res 1994;25:191-5.

[37] Allison RD, Laven RA. Vitamin E for milk production in dairy
cows: a review. Nutr Abstr Rev Ser B: Livestock Feeds Feeding
2001;71(12):43R-52R.



	A meta-analysis of the effects of Vitamin E supplementation on �the incidence of retained foetal membranes in dairy cows
	Introduction
	Materials and methods
	Results
	Discussion
	Acknowledgements
	References


