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Analysis of salivary cortisol is increasingly used to assess stress responses in horses.
Because spontaneous or experimentally induced increases in cortisol concentrations are
often relatively small for stress studies, proper controls are needed. This requires an un-
derstanding of the factors affecting salivary cortisol over longer times. In this study, we
have analyzed salivary cortisol concentration for 6 mo in horses (n ¼ 94) differing in age,
sex, reproductive state, and housing. Salivary cortisol followed a diurnal rhythm with the
highest concentrations in the morning and a decrease throughout the day (P < 0.001). This
rhythm was disrupted in individual groups on individual days; however, alterations
remained within the range of diurnal changes. Comparison between months showed
highest cortisol concentrations in December (P < 0.001). Cortisol concentrations increased
in breeding stallions during the breeding season (P < 0.001). No differences in salivary
cortisol concentrations between nonpregnant mares with and without a corpus luteum
existed. In stallions, mean daily salivary cortisol and plasma testosterone concentrations
were weakly correlated (r ¼ 0.251, P < 0.01). No differences in salivary cortisol between
female and male young horses and no consistent differences between horses of different
age existed. Group housing and individual stabling did not affect salivary cortisol. In
conclusion, salivary cortisol concentrations in horses follow a diurnal rhythm and are
increased in active breeding sires. Time of the day and reproductive state of the horses are
thus important for experiments that include analysis of cortisol in saliva.

� 2015 Elsevier Inc. All rights reserved.
1. Introduction

Analysis of salivary cortisol concentrations is increas-
ingly used to assess the adrenocortical response of horses
to potentially stressful situations, and several cortisol as-
says have been validated for equine saliva [1–4]. From
horses accustomed to routine handling by humans, saliva
can be collected easily, repeatedly, and without restraint of
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Aurich).

. All rights reserved.
the animal. Salivary cortisol mirrors the unbound, that is,
biologically active fraction of total plasma cortisol while
plasma cortisol is largely bound to carrier proteins [5].

In horses, as in other species including humans [6] and
rhesus monkeys [7], cortisol release into blood follows a
diurnal rhythm with the highest concentrations in the
morning andanadir in the late afternoonandevening [8–10].
This rhythm can be disrupted by even minor perturbations
resulting in a damping of the daily oscillations and elevated
cortisol concentrations, especially around the time of the
daily nadir [10]. The diurnal rhythm in cortisol release iswell
reflected by concentrations in saliva [11–14]. However,
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salivary cortisol concentrations have previously been deter-
mined in horses during specific experiments only, not
allowing the comparison of undisturbed cortisol release
patterns among different horse groups or times of the year.
Cortisol release into blood or saliva may be physiologically
influenced also by reproductive state and the sex of the in-
dividuals (humans [15] and dog [16]). Althoughmost phases
ofpregnancywerewithout effectonplasmacortisol inhorses
[17], salivary cortisol increased in mares shortly before foal-
ing [18]. Elevated plasma cortisol concentrations have also
been demonstrated in pregnant women [19].

Marked increases in salivary cortisol concentrations as
occurring in mares at foaling [20], in horses transported by
road [21–23], or in foals at weaning [11] clearly indicate
increased adrenocortical activity. However, experimentally
induced increases insalivarycortisol concentrationsareoften
relatively small and hardly exceed the range of physiological
diurnal changes. This is especially true for studies aimed at
assessing stress in horses submitted to equestrian training
[3,24–26]. Whether such increases, although statistically
significant, indicate that horses perceive a particular chal-
lenge or procedure as an acute stressor often can be doubted,
thus, for stress studies, proper controls are required. The ac-
curacy of studies evaluating adrenocortical activity in horses
could be improved by a better understanding of the factors
affecting salivary cortisol concentrations.

In this study, we have analyzed salivary cortisol concen-
tration in horses of the same breed and genetic background
and kept on the same premises over a 6-mo period from
December to May. Horses have a seasonal sexual activity
(reviewed in [27]), and the study period included the
nonbreeding season and the breeding season. Horses were
divided by age, sex, sexual activity, and reproductive state.
We hypothesized that basal cortisol concentrations not only
follow a diurnal but also a circannual rhythm. We further
tested if salivary cortisol is affected by age of the horses, their
reproductive state, andby the housing systemwith increased
cortisol release in single housed vs group-stabled horses.

2. Materials and methods

2.1. Animals

A total of 94 warmblood sport horses of the Branden-
burg State Stud at Neustadt (Dosse), Germany, were
Table 1
Horse groups included in the study.

Group Number (n) Age (

1. Adult breeding sires 11 6.8 �
2. Nonpregnant, adult mares 6 9.5 �
3. Pregnant, adult mares 7 8.8 �
4. Adult geldings 12 12.8
5. 1-yr-old stallions 8 1a

6. 1-yr-old stallions 8 2a

7. 3-yr-old geldings 8 3a

8. 1-yr-old mares 11 1a

9. 2-yr-old mares 11 2a

10. 3-yr-old mares 12 3a

Abbreviations: AI, artificial insemination; SEM, standard error of the mean.
Values are mean � SEM.

a Horses of groups 5 to 10 were born between January and May of their respe
included into the study. They were kept either in group
stables on straw or in individual loose boxes on straw or
wood chippings. Horses were fed oats, concentrates, and
mineral supplements 3 times daily and hay twice daily.
Water was freely available at all times. From December to
April, all group-housed horses had daily access to a
paddock for 4 to 5 h. Horses housed in individual boxes had
either access to individual paddocks or were ridden for
approximately 1 h every day. Except adult breeding stal-
lions and adult geldings, all groups were turned out on
pasture in May. On pasture, broodmares received oats,
concentrates, and mineral supplements twice daily,
whereas all other groups were not given any additional
feed. Details on horses included into the study are sum-
marized in Table 1. Adult breeding stallions were used
exclusively for artificial insemination, and semen was
collected once daily 4 to 6 times per week. Geldings had
been orchidectomized at least 8 mo before the start of the
study.

2.2. Experimental procedures

Saliva for cortisol analysis was taken from December to
May on 1 d/mo at 6 AM,12 noon, and 6 PM (sampling days:
17–20 December, 14–17 January, 11–14 February, 18–21
March, 15–18 April, and 13–16 May, all horses in 1 group
were sampled on the same day). The sampling day was
always kept apart from any management-related changes
in the husbandry system (eg, start of pasture period). In
contrast to all other groups, late pregnant mares were
sampled only until February (19 December, 16 January, and
13 February). Mares foaled between February 16 and April
18; and thus, no homogenous group of late pregnant mares
was available after February.

Saliva was collected with a cotton-based swab (Saliv-
ette cortisol; Sarstedt, Nümbrecht-Rommelsdorf, Ger-
many). The Salivette was inserted at the angle of the lips
into the mouth of the horse and placed gently onto the
tongue for 1 min until it was well soaked. After centrifu-
gation for 10 min at 1,000g, 1 mL of saliva was aspirated,
transferred into polypropylene tubes (Sarstedt), and
frozen at �20�C until analysis. Collection of saliva was
tolerated by the horses of all groups without resistance. In
addition, after the last saliva sample on each sampling day,
1 blood sample was taken from a jugular vein into
yr) Housing Remarks
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Fig. 1. Daily salivary cortisol concentrations (sampling at 6 AM, 12 noon, and
6 PM) in all horses included into the study (n ¼ 94) from December to May.
Values are means � SEM. Significant differences within days (P < 0.001) and
between months (P < 0.001, GLM). Different letters indicate individual dif-
ferences between months (P < 0.01, post hoc comparisons). GLM, general
linear model; SEM, standard error of the mean.
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heparinized vacutainer tubes (Becton Dickinson, Heidel-
berg, Germany) for analysis of testosterone in stallions and
progesterone in mares. Blood samples were centrifuged
within 20 min at 1000g, and the supernatants were
transferred into polypropylene tubes and frozen at �20�C
until hormone analysis.

2.3. Hormone analysis

Cortisol concentrations were determined with a direct
enzyme immunoassay as described [22,28]. Cross-
reactivity of the antiserum determined at 50% binding
was 100% with cortisol, 6.2% with corticosterone, 4.6% with
5a-dihydrocortisol, 0.8% with allotetrahydrocortisol, and
<0.1% with all other steroids tested. The intra-assay coef-
ficient of variation determined from duplicates of a control
saliva in each assay was 4.5% and the interassay coefficient
of variation was 11.7% (mean 1.04 ng/ml). The minimal
detectable concentration defined as 2 standard deviations
from zero binding was 0.05 ng/mL. Progesterone concen-
trations in plasma of mares were determined with a com-
mercial enzyme immunoassay (ADI-900–011; Assay
Designs, Ann Arbor, MI, USA) as described [18]. The intra-
assay coefficient of variation was 7.3%, the interassay
coefficient of variation 14.1%, and the minimal detectable
concentration 0.01 ng/mL. Testosterone concentration in
male horses was determined by direct enzyme immuno-
assay without extraction (Testosterone ELISA; Demeditec
Diagnostics, Kiel, Germany) as described for bovine plasma
[29]. The assay was validated for equine plasma in our
laboratory. Recovery of testosterone standards added to
plasma was 100%, and serial dilution of plasma samples
resulted in changes in optical density parallel to the stan-
dard curve. All samples were assayed in duplicates. The
intra-assay coefficient of variation was 7.4%, the interassay
coefficient of variation was 8.4%; and the minimal detect-
able concentration was 0.01 ng/mL.

2.4. Statistical analysis

For statistical analysis the SPSS statistics package
(version 20.0; IBM SPSS, Armonk, NY, USA) was used. All
data were normally distributed (Kolmogorov–Smirnov
test). Changes in salivary cortisol concentrations over time
were analyzed by analysis of variance (ANOVA) using a
general linear model for repeated measures with animal
group as between subject factor and month and time of
day as within subject factors. In the case of overall sig-
nificant effects, post hoc individual comparisons between
times were made by testing for least significant differences
with Bonferroni correction for multiple comparisons. In
addition, salivary cortisol concentrations at 6 AM on each
sampling day were compared between months by general
linear model ANOVA for repeated measures and compar-
isons between groups for individual months were made by
1-way ANOVA. For stallions, Pearson’s coefficient of cor-
relation was calculated for correlations between mean
daily cortisol concentrations in saliva and testosterone
concentrations in plasma. A P value < 0.05 was considered
significant. All data given are means � standard error of
mean.
3. Results

When data from all 94 horses irrespective of group and
housing system were combined, cortisol concentrations in
saliva followed a diurnal pattern with the highest concen-
trations in the morning and a decrease throughout the day
(P<0.001). Comparisonbetweenmonths showedsignificant
differences over time (overall effect P < 0.001) and post hoc
tests revealed higher cortisol concentration in December vs
all other months (P < 0.01) except March (Fig. 1).

Salivary cortisol concentrations in 1-, 2-, and 3-yr-old
young mares differed slightly but significantly between
groups with average values lower in 2-yr-old vs 1- and
3-yr-old mares (P < 0.05). An overall diurnal rhythm in
salivary cortisol concentrations was evident (P < 0.001),
although disrupted in individual groups on individual days
(eg, 3-yr-old mares in March). Cortisol concentrations
differed significantly between months with the lowest
values in April (Fig. 2A).

Cortisol concentrations in saliva did not differ between
1-yr-old stallions, 2-yr-old stallions, and 3-yr-old geldings,
but within these groups, decreased throughout the study
period (P< 0.01). Post hoc tests revealed the highest values
in December and the lowest in May. As in mares of the
same age, a diurnal rhythm (P < 0.001) was disrupted in
individual groups on individual days (eg, 1-yr-old stallions
in April; Fig. 2B).

When data for 1- to 3-yr-old mares and 1- to 3-yr-old
stallions and geldings were combined and peak daily
cortisol concentrations at 6 AM compared between sexes,
no significant differences between female and male young
horses existed except for May (P < 0.001). Differences be-
tween months (P < 0.001) could again be demonstrated
(P < 0.001; Table 2).

Cortisol concentrations in adult horses over 3 yr of age
differed between months (at least P < 0.01; Table 2). Sig-
nificant differences existed also between groups with



Table 2
Salivary cortisol concentrations (ng/mL) in the morning (6 AM) in horses of different groups from December to May.

Group P over time December January February March April May

1- to 3-yr-old horses
Female (n ¼ 34) <0.001 1.8 � 0.2 1.7 � 0.1 1.9 � 0.1 1.3 � 0.1 1.0 � 0.1 1.7 � 0.2
Male (n ¼ 24) <0.001 2.0 � 0.2 1.5 � 0.2 1.5 � 0.2 1.2 � 0.1 1.2 � 0.1 0.7 � 0.1
P between groups d NS NS NS NS NS <0.001

Adult male horses
Stallions (n ¼ 11) <0.001 1.3 � 0.2 1.0 � 0.1 0.7 � 0.1 1.1 � 0.2 2.1 � 0.3 2.6 � 0.6
Geldings (n ¼ 12) <0.01 1.5 � 0.2 1.7 � 0.2 1.0 � 0.1 1.0 � 0.1 1.3 � 0.2 0.9 � 0.1
P between groups d NS <0.05 <0.05 NS <0.05 <0.05

Adult mares
Pregnant (n ¼ 7) NS 2.0 � 0.4 1.4 � 0.3 1.0 � 0.2 d d d

Nonpregnant (n ¼ 6) <0.01 1.1 � 0.8 0.9 � 0.1 1.0 � 0.2 0.8 � 0.1 1.2 � 0.2 0.4 � 0.1
P between groups d <0.05 NS NS d d d

Nonpregnant maresa

Progesterone �1 ng/mL (n ¼ 2–22) d 1.8 � 0.3 1.4 � 0.2 1.7 � 0.2 1.2 � 0.1 0.9 � 0.1 1.9 � 0.4
Progesterone >1 ng/mL (n ¼ 18–38) d 1.5 � 0.1 1.7 � 0.1 1.8 � 0.2 1.2 � 0.1 1.1 � 0.1 1.5 � 0.2
P between groups d NS NS NS NS NS NS

Adult geldings
Individual housing (n ¼ 12) <0.01 1.5 � 0.2 1.7 � 0.2 1.0 � 0.1 1.0 � 0.1 1.3 � 0.2 0.9 � 0.1
Group housing (n ¼ 8) <0.001 1.9 � 0.3 2.1 � 0.3 1.7 � 0.3 1.1 � 0.1 1.2 � 0.1 0.6 � 0.1
P between groups d NS NS <0.05 NS NS NS

Abbreviations: NS, not significant; SEM, standard error of the mean.
Values are means � SEM.

a No comparisons over time because of different numbers of animals in different months.
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Fig. 2. Daily salivary cortisol concentrations (sampling at 6 AM, 12 noon, and 6 PM) in (A) 1- (n ¼ 11), 2- (n ¼ 12), and 3-yr-old mares (n ¼ 11) and (B) 1- (n ¼ 8)
and 2-yr-old stallions (n ¼ 8), and 3-yr-old geldings (n ¼ 8) from December to May. Values are means and SEM. For (A) significant differences within days
(P < 0.001), between months (P < 0.001), and between groups (P < 0.05), for (B) significant differences within days (P < 0.001) and between months (P < 0.001),
not significant between groups (GLM). For (A) and (B) different letters indicate differences between individual months (P < 0.01) and groups (P < 0.05, post hoc
comparisons). GLM, general linear model; SEM, standard error of the mean.
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higher cortisol concentrations in sexually active stallions
during the breeding season than in adult geldings (April
and May P < 0.05 between groups) and in pregnant
compared with nonpregnant mares in December (P < 0.05;
Table 2).

For all nonpregnant mares irrespective of age (n ¼ 40)
grouped by plasma progesterone concentration (�1 ng/mL
and >1 ng/mL), significant differences between these 2
groups could be demonstrated at no time (Table 2). The
number of mares with a plasma progesterone concentra-
tion >1 ng/mL was 29, 18, 18, 23, 24, and 38 in December,
January, February, March, April, and May, respectively.

Plasma testosterone concentrations in yearling, 2-yr-
old, and adult stallions showed seasonal variations (P <

0.001) with the lowest values from January to March, no
differences between groups but significant interactions
group � time (P < 0.05; Fig. 3). When mean daily salivary
cortisol concentrations for all stallions irrespective of age (n
¼ 27) were calculated and correlations with plasma
testosterone concentration analyzed for all 6 mo (n ¼ 162
data pairs), a weak, although significant positive correla-
tion could be demonstrated (r ¼ 0.251, P < 0.01).

Effects of type of housing were compared between adult
geldings in single loose boxes and in group housing. Except
for February (P < 0.05), no significant effect of the housing
system existed, whereas differences between months were
significant (P < 0.01; Table 2).

4. Discussion

In this study, effects of season, time of day, age, sex and
reproductive stage, andgrouphousingvs individual stabling
on cortisol concentrations in saliva of horseswere analyzed.
As could be expected from nontreated control group horses



Fig. 3. Plasma testosterone concentrations fromDecember toMay in stallions
of different agegroups. Values aremeans�SEM. Significant changes over time
(P < 0.001) and interactions group� time (P < 0.05), not significant between
groups (GLM). GLM, general linear model; SEM, standard error of the mean.

J. Aurich et al. / Domestic Animal Endocrinology 52 (2015) 11–16 15
in previous studies [11–14], salivary cortisol concentrations
showeda cleardiurnal rhythmwith thehighest values in the
morning and a nadir in the late afternoon and evening. A
diurnal rhythm in salivary cortisol concentrations existed
also in geldings. This is in contrast to results from rhesus
macaques [30], indicating species differences between
horses and rhesusmonkeys. However, it cannot be excluded
that the diurnal rhythm might have been subsided initially
after orchidectomy but was re-established after several
months. Deviations from this diurnal rhythm in individual
horse groups indicate that the inherent diurnal rhythm can
be easily disturbed by apparently minor challenges that
were not evident to the investigators. Damping of the
diurnal rhythm by evenminor perturbations has previously
been demonstrated for total cortisol in blood plasma of
horses [10]. The management of horses in our study
excluded known stressors that might affect cortisol release
such as transport [21–23,31,32], change of stable or group
mates [14,33], equestrian exercise [3,12,34–36], or veteri-
nary procedures [37]. Factors such as weather, ambient
temperature, insects, or interactions within the horse
groups are apparently sufficient to cause transient alter-
ations in the diurnal cortisol release pattern. Because these
alterations remainedwithin the rangeof diurnal changeswe
consider them variations within a physiological range and
not indicative of a distress situation.

Cortisol in saliva of late pregnant mares in the present
study remained clearly lower than that in mares in the
immediate peripartum period [18,20], although in part, it
was higher than that in nonpregnant mares. Cortisol in
blood plasma of women [19] but not blood plasma of horse
mares [17] is elevated during the last months of pregnancy
compared with nonpregnant control subjects. This might
not be a true species difference because in women, free,
that is, unbound cortisol [19] and in horse mares, total
cortisol [17] in plasma was measured.

Increased cortisol release in stallions at the height of the
breeding season in April and May indicates a moderate
chronic stress situation in these animals. In a previous
study [38], semen collections were not perceived as an
acute stressor in sexually experienced and well-trained
stallions, based on a lack of acute changes in heart rate,
heart rate variability, and salivary cortisol concentrations.
We therefore suggest that not the regular semen collec-
tions to which the stallions were accustomed but the
housing of sexually active stallions in adjacent boxes in the
stable represents a stress-like challenge. Housing of adult
stallions in boxes with visual, auditory, and olfactory con-
tact to their neighbors resembles the situation in bachelor
stallions, that is, stallions without contact to mares. In
contrast, sexual activity at semen collections represents a
situation as in harem stallions, which express a certain
degree of aggressiveness to fight of rivaling other stallions
and to round up their herd [39]. A discrepancy between
semen collections, that is, sexual activity as in harem stal-
lions and housingwith only stallions in adjacent boxes, that
is, a situation as in bachelor stallions might explain
increased basal cortisol concentrations in these horses. It is
unlikely that the increase in salivary cortisol concentrations
is linked to a seasonal increase in testosterone release
because between concentrations of these steroid hormones
only a weak correlation existed.

No association could be demonstrated between pro-
gesterone and salivary cortisol concentrations in mares. It
might be expected that estrus in group-housed mares in-
creases locomotion leading to higher cortisol concentra-
tions. Puberty in mares is attained at approximately 12 mo
of age, that is, in the breeding season after the year of birth
[40]. Thus, at least from March to May, all nonpregnant
mares in our study should have been cyclic and those
without a corpus luteum thus in estrus; however, this did
not affect cortisol release. Our data do not exclude that
male and female horses may respond differentially to
explicit stressors; however, with regard to baseline cortisol
release, data from geldings, nonpregnant mares, and non-
sexually active stallions kept under identical conditions
can be combined for many studies.

A decrease in salivary cortisol concentrations from
December to May was evident in several groups and most
pronounced in male young horses. Whether this is directed
byphotoperiod cannot be concluded fromourdata.Horses of
the 1-, 2-, and 3-yr-old groups were together in their
respective groups since weaning at approximately 6 mo of
age. Because the decrease in cortisol concentrations occurred
inall 3 agegroups to the sameextent, effects of habituation to
the other groupmembers causing less stimulation of cortisol
release with ongoing time can be excluded.

Our data allow only a limited comparison of group
housing and individual stabling with regard to cortisol
release because groups were not evenly distributed over
housing systems. To exclude effects of reproductive stage,
comparisons between types of housing were restricted to
geldings. Individually stabled and group-housed geldings
did not differ with regard to salivary cortisol concentra-
tions. The transfer of horses from group housing to indi-
vidual boxes is associated with an acute and transient
increase in salivary cortisol concentrations. With habitua-
tion of horses to their new stable, cortisol concentrations
return to baseline values within a few days [14]. Geldings in
the present study were kept in the respective stables and
groups for several months before the start of the study and
were thus habituated to their environment.
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In conclusion, salivary cortisol concentrations in horses
follow a clear diurnal rhythm. Time of the day is thus
important for experiments that include analysis of cortisol
in saliva. Experimentally induced increases in cortisol
release that stay within this diurnal range should not be
overinterpreted. Cortisol concentrations also depend on
the season, but these changes were not evident in all
groups. Although housing system and separation of horses
from conspecifics acutely stimulate cortisol release in blood
[33] and saliva [14], horses habituate to the new situation,
and these factors do not have long-term effects on the
diurnal cortisol rhythm. Rapid habituation of horses has
also been found to repeated road transport with the cortisol
response decreasing with each transport [22]. Sex and age
of the horses was without apparent effect on basal cortisol
concentrations in saliva. Basal cortisol concentrations were
elevated in active breeding sires used for semen collection.
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