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ABSTRACT

The inverse association between anogenital distance
(AGD; the distance from the center of the anus to the
base of the clitoris) and fertility, its moderate heritabil-
ity, and high variability reported in dairy cattle make
AGD a promising candidate for further exploration as
a reproductive phenotype. In addition to heritability,
repeatability (i.e., consistency in measurements taken
at different time points) is important for a reproductive
phenotype to be considered useful in genetic selection.
Therefore, our primary objective was to determine the
repeatability of AGD from birth to breeding age (=16
mo) in Holstein heifer calves, and during different stages
of the estrous cycle, gestation, and lactation in Holstein
cows. We also determined the associations among AGD,
height (at the hip), and body weight (BW) at birth. In
calves (n = 48), we recorded BW (kg) and height (cm)
at birth and measured AGD (mm) at approximately 0,
2, 6,9, 12, and 16 mo of age. In cows, AGD was mea-
sured at different stages of the estrous cycle (proestrus,
estrus, metestrus and diestrus; n = 20), gestation (30,
90, 180, and 270 d; n = 78), and lactation (30-300 d in
milk in 30-d increments; n = 30). Calf height and BW
at birth had a weak positive association with AGD at
birth. The AGD increased linearly from birth to breed-
ing age, but there was no association between the AGD
at birth and at breeding age in heifers. Although any
2 consecutive AGD measurements were correlated, 6
mo was the earliest age at which AGD was moderately
correlated (r = 0.41) with that of breeding-age heifers.
The AGD was neither influenced by the different stages
of estrous cycle nor lactation and remained highly re-
peatable (r > 0.95). Although AGD measurements at
30, 90, and 180 d of gestation (126.9, 126.7, and 127.7
mm, respectively) were strongly correlated (r > 0.97)
with each other, AGD at 270 d of gestation (142.8 mm)
differed from AGD at all earlier stages of gestation. In
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summary, AGD measured at birth did not reflect AGD
at breeding age in heifers, but AGD measurements in
cows had high repeatability at all stages of the estrous
cycle, gestation, and lactation, except at 270 d of gesta-
tion. Therefore, AGD could be measured reliably at
any of the aforesaid physiological states in cows due to
its high repeatability, except during late gestation. The
earliest gestational stage when pregnancy-associated
increase in AGD occurred, however, could not be de-
finitively established in the present study.

Key words: reproductive phenotype, estrous cycle,
gestation, lactation

INTRODUCTION

A novel reproductive phenotype that is strongly asso-
ciated with fertility outcomes and has high variability,
heritability, and repeatability could be considered as a
fertility trait for genetic selection to improve fertility
in dairy cattle (Berry et al., 2014; Miglior et al., 2017).
In addition, it should be clearly defined, consistently
recorded, easily obtained at a low cost, and measurable
early in life (Shook, 1989).

Conventional fertility traits such as interval traits
(e.g., days open), binary traits (e.g., pregnant vs. non-
pregnant), and count traits (e.g., services per concep-
tion) all have low heritability estimates ranging from
0.02 to 0.04 and are affected by management decisions
(e.g., voluntary waiting period) or recording errors
(Berry et al., 2014), resulting in slow genetic progress.
Emerging fertility traits such as commencement of lu-
teal activity postpartum have greater heritability (0.16;
Veerkamp et al., 2000) than that of conventional traits.
Antral follicle count, an anatomically manifested trait,
had a moderate heritability of 0.31 (Walsh et al., 2014)
and high repeatability of 0.86 (Koyama et al., 2018) to
0.95 in dairy cattle (Burns et al., 2005). Antral follicle
count, however, is difficult to obtain as it requires skilled
personnel and specialized equipment, and its associa-
tion with fertility differs between Bos taurus and Bos
indicus cattle (Morotti et al. (2017). Other physiologic
traits, such as hormone concentrations, not only require
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frequent monitoring but are also time-consuming, often
invasive in nature, and expensive to quantify, making it
difficult to implement in commercial dairy operations.
The reproductive tract scoring system first reported in
beef cattle has a heritability estimate of 0.32 (Anderson
et al., 1991) and is positively associated with pregnancy
per Al in beef (Anderson et al., 1991) and dairy cattle
(Young et al., 2017; Madureira et al., 2020). The latter
trait, however, is subjective, labor-intensive, and has
low repeatability (Holm et al., 2009; Gutierrez et al.,
2014). Therefore, research on novel reproductive phe-
notypes is considered important for selecting cows to
improve fertility.

Anogenital distance (AGD; the distance from the
center of the anus to the genitals) is a relatively new
reproductive phenotype that has been of research and
clinical interest in many mammalian species, and more
recently, in dairy cows (Gobikrushanth et al., 2017).
Excessive exposure of female fetuses to testosterone
during prenatal development lengthens AGD in rats
(Wolf et al., 2004). Ewes treated with i.m. injections of
100 mg of testosterone propionate twice weekly from 30
to 90 d of gestation gave birth to both male and female
lambs with long AGD compared with lambs born to
control ewes (Manikkam et al., 2004). The placenta
is the major source of androgen to the bovine fetus
(Mongkonpunya et al., 1975), and its concentrations
are highly variable (Kim et al., 1972). Regardless of
the sex of the fetus carried, mean (+ SEM) serum tes-
tosterone concentrations were greater in pregnant cows
(330 + 86 pg/mL) than in nonpregnant cows (43 £ 3
pg/mL) with a great degree of variation (Kim et al.,
1972). Studies that compared the reproductive out-
comes between short- and long-AGD females reported
that short-AGD females had indicators of better fertil-
ity than those with long AGD (i.e., earlier attainment
of puberty in rats; Zehr et al., 2001), larger litter size,
and heavier pups in rabbits (Banszegi et al., 2012); ad-
ditionally, studies show improved overall reproductive
performance in gilts; that is, greater success to the first
4 breeding attempts (Drickamer et al., 1997).

Gobikrushanth et al. (2017) recently characterized
AGD in Canadian Holstein cows and reported a greater
pregnancy per Al and cumulative pregnancy risk by
250 DIM in first- and second-parity cows with short
AGD (<127 mm) than in those with long AGD (>127
mm). Other studies have also reported such inverse as-
sociations between AGD and indices of fertility in dairy
cattle (Akbarinejad et al., 2019; Carrelli et al., 2021,
2022; Grala et al., 2021). A heritability estimate of 0.37
was later reported for AGD in Irish Holstein-Friesian
cows (Gobikrushanth et al., 2019).

Repeatability is an indication of within-individual
consistency of measurements. Only traits that are con-
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sistent within the same individual but have variability
among individuals in a population can respond well to
genetic selection (Boake, 1989). Therefore, repeatabil-
ity, often determined as Pearson correlation of coeffi-
cient (Wolak et al., 2012), is an important criterion for
a reproductive phenotype before it could be considered
as a fertility trait for genetic selection. In addition, it
should have strong association with fertility and high
heritability.

We hypothesized that (1) a positive correlation exists
between AGD of a newborn calf and that of breeding-
age heifers; thus, AGD at birth could be used to predict
the AGD of breeding-age heifers; and (2) AGD is not
affected by physiological states of life, that is, stages
of the estrous cycle, gestation, and lactation in adult
cattle. Therefore, the main objectives were to deter-
mine if AGD measured at an early age could predict
AGD at breeding age (~16 mo) in heifers, and if AGD
is affected by different physiological states such as the
stages of the estrous cycle (proestrus, estrus, metestrus,
diestrus), gestation, and lactation in cows. A second-
ary objective was to determine the associations among
AGD, height, and BW at birth in the newborn calf.

MATERIALS AND METHODS
Animals and Experimental Design

The studies were conducted using Holstein cattle at
the University of Alberta’s Dairy Research and Tech-
nology Center, a 146-cow tiestall barn located in Ed-
monton, Alberta, Canada. Calves were reared indoors
in individual pens from 0 to 21 d of age, and in group
pens equipped with automatic milk feeders from 22
to 60 d of age, when weaning occurred. After wean-
ing, calves were moved to outdoor dry-lot pens with
homogeneous age groups housed together. Calves were
raised on milk, with ad libitum access to concentrates
and chopped hay, until weaning. For postweaning di-
ets, calves were offered free-choice alfalfa hay and a
mash supplement containing millrun, soybean hulls,
malt sprouts, and ground wheat grain as the main
ingredients. At approximately 13 mo of age, heifers
were moved into a breeding pen and placed on a diet
containing barley and oat silage and free-choice alfalfa
hay. Mineral supplements were given from 7 mo of age
onward, and unrestricted access to clean drinking water
was provided at all stages. From weaning until approxi-
mately 8 wk before the expected date of first calving,
heifers were housed at the Roy Berg Research Ranch
in Kinsella, Alberta. Cows were housed individually in
tiestalls provided with rubber mattresses covered with
a layer of wood shavings (changed daily) and were let
out for exercise for up to 3 h on weekdays. Cows were
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ad libitum fed a TMR of alfalfa silage, barley silage,
chopped hay, and concentrates once daily (0800 h),
formulated according to the guidelines of the National
Research Council (2001) to meet the requirement of a
650-kg lactating cow producing 45 kg of milk per day.
Cows always had free access to drinking water and were
milked twice daily in tiestalls. Calves and cows were
cared for according to the guidelines of the Canadian
Council on Animal Care (2009), and all animal use
protocols were approved by the Animal Care and Use
Committee for Livestock, University of Alberta (proto-
col no. 00002883).

All the studies were prospective longitudinal studies
with repeated measures over time. Within each objec-
tive, we measured the same set of animals at different
time points, and the change in AGD in the same animal
over time was the variable of interest. Unless speci-
fied otherwise, means (4+ SD) are presented. Sample
size requirements for each study were determined by
a priori power analysis (version 20.006; MedCalc Soft-
ware Ltd.).

AGD from Birth to Breeding Age

We defined AGD as the distance from the center of
the anus to the base of the clitoris and measured it
using 15.2-cm stainless steel digital calipers (Procise,
The Innovak Group) as previously described by Gobi-
krushanth et al. (2017). Anogenital distance was mea-
sured 3 consecutive times for each animal by resetting
the calipers to zero between each measurement, and
the mean of the 3 measurements was used. All AGD
measurements were taken by the same individual to
minimize errors. The height at the hip (from the ground
to the calf’s rump, above the hip bones) was measured
using an aluminum livestock measuring stick (Jeffers
Livestock) immediately after the first AGD measure-
ment. Both height and AGD were measured by the
same individual in all animals, with a second individual
assisting to restrain calves. The date of birth and BW
of calves at birth were obtained from the herd records.

Forty-eight calves were enrolled in the study with
AGD measurements obtained in the first week (0 mo)
of birth (3.3 + 2.1 d), then at 2 mo (62.5 4+ 4.3 d), 6 mo
(184.6 + 12.4 d), 9 mo (270.9 £+ 9.3 d), 12 mo (359.9
=+ 10.4 d), and at breeding age or approximately 16 mo
(489.0 + 31.9 d).

AGD at Different Stages of the Estrous Cycle

Twenty cows in their early lactation (33.3 + 10.6
DIM) were enrolled and subjected to transrectal ultra-
sonography using a scanner (Aloka 500, Aloka Co Ltd.)
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equipped with a 7.5-MHz linear array transducer to
determine ovarian cyclicity indicated by the presence
of at least 1 corpus luteum (CL). Upon confirming cy-
clicity, cows were subjected to estrous synchronization
using an intravaginal insert (controlled internal drug
release device; CIDR) containing 1.38 g of progester-
one (EAZI-BREED CIDR, Zoetis) and 100 pg (i.m.) of
GnRH (gonadorelin acetate; Fertiline, Vetoquinol N. A.
Inc.) concurrently. Upon CIDR removal 7 d later, cows
received 500 pg (i.m.) of cloprostenol (Estrumate, Mer-
ck Intervet Corp.) followed by a second dose 24 h later.
Ovaries were scanned by ultrasonography concurrent
with each dose of cloprostenol, and thereafter at 48-h
intervals, through one complete estrous cycle spanning
2 consecutive ovulations, and major ovarian structures
were documented. Anogenital distance was measured
in all cows at the same frequency as ovarian ultraso-
nography throughout the estrous cycle. Blood samples
were collected from a coccygeal vessel into evacuated
tubes containing sodium heparin (Vacutainer, BD Life
Sciences) on alternate days, immediately before ovar-
ian ultrasonography, throughout the cycle to quantify
progesterone. Samples were centrifuged at 1,500 x g for
20 min at 4°C no later than 30 min after collection, and
then plasma was harvested and kept frozen at —20°C
until assayed.

Plasma concentrations of progesterone were quanti-
fied at the Endocrine Services Laboratory (Veterinary
Biomedical Sciences, Western College of Veterinary
Medicine, Saskatoon, SK, Canada) using a commercial
radioimmunoassay kit (ImmuChem Progesterone'® kit;
ICN Pharmaceuticals, Inc.). All samples were quanti-
fied in a single assay with intra-assay coefficients of
variations of 7.1% for low- (mean, 0.9 ng/mL), 12.6%
for medium- (mean, 5.2 ng/mL), and 6.7% for high-
reference samples (mean, 12.5 ng/mL), respectively,
and assay sensitivity was 0.15 ng/mL.

The average estrous cycle length in the present study
was 23.4 + 2.7 d. The proestrus, estrus, metestrus, and
diestrus stages were determined retrospectively based
on established norms for the length of each stage in
a normal estrous cycle (Senger, 2005), CL dynamics,
and plasma concentrations of progesterone (Henricks
et al., 1971; Kastelic et al., 1990; Sartori et al., 2004).
As the start of estrus could not be precisely determined
in all cases, the day an ovulation was confirmed was
considered metestrus, and the preceding sampling day
was considered estrus. Based on these criteria, the
mean concentrations of progesterone and CL sizes for
proestrus, estrus, metestrus, and diestrus stages were
0.4 +0.8,0.0 £0.0, 0.1 +£ 0.2, and 3.5 + 1.4 ng/mL,
and 18.2 £+ 3.6, 9.0 + 6.5, 11.2 £ 7.1, and 24.1 + 4.1
mm, respectively.
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AGD at Different Stages of Gestation and Lactation

Seventy-eight cows confirmed pregnant at 30 to 32 d
post-Al were enrolled in the gestational stages of this
study. The AGD measurements were obtained at ap-
proximately 30 (36.6 £+ 3.2), 90 (98.6 £+ 5.0), 180 (187.9
+ 5.1), and 270 (270.5 £ 4.4) d of gestation.

Thirty lactating cows were enrolled in the lactational
stages of this study; AGD measurements were obtained
at approximately 30 (33.8 £ 2.3), 60 (64.9 £ 3.2), 90
(94.2 + 3.2), 120 (124.7 + 3.0), 150 (154.9 £ 4.2), 180
(184.1 + 3.6), 210 (212.8 £+ 3.7), 240 (242.4 £ 3.6), 270
(272.9 £ 5.7), and 300 (304.2 + 6.7) DIM.

Statistical Analysis

Data were analyzed using SAS version 9.4 (SAS In-
stitute Inc.). The descriptive statistics such as mean,
standard deviation, minimum, and maximum for the
days of AGD measurements, AGD, and calf height and
BW at birth, as well as normality for AGD in each of
the 4 objectives, were determined using the UNIVARI-
ATE procedure of SAS. The relationships among AGD,
BW, and height at hip at birth were tested by linear
regression model using the REG procedure of SAS. The
repeatability of AGD between different stages of the
estrous cycle, gestation, and lactation was determined
by Pearson correlation coefficient (r; —1 to +1) using
the CORR procedure of SAS. The difference in AGD
among different ages and stages of estrous cycle, gesta-
tion, and lactation were determined by MIXED proce-
dure of SAS (results presented as LSM + SEM). Ano-
genital distance was modeled against the fixed effects of
age (calf or heifer study) and parity (in the parous cow
studies); stages of the estrous cycle, gestation, or lacta-
tion; and their interactions. The interaction term was
excluded from the model because no interactions (P >
0.10) were evident. The experimental unit (i.e., heifer
or cow) nested within age or stage of estrous cycle,
gestation, or lactation was included as a repeated state-
ment because AGD was measured repeatedly on the
same animal at different time points. The differences
in least squares means were tested using the PDIFF
multiple comparison test and declared significant if P <
0.05 and considered a tendency if P > 0.05 but < 0.10.

RESULTS AND DISCUSSION

Anogenital distance measurements differed (P <
0.01) by age from birth until approximately 16 mo, and
were normally distributed in heifer calves and within
the stages of the estrous cycle, gestation, and lactation
in mature cows. Similarly, AGD was normally distrib-
uted in studies with larger numbers of cattle (Gobik-
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rushanth et al., 2017; Akbarinejad et al., 2019; Carrelli
et al., 2021).

Anogenital distance was positively and moderately
associated with calf BW at birth; however, only 8% of
the variation in AGD was explainable by changes in
BW at birth (Figure 1a). The AGD tended (P = 0.06)
to be positively associated with height within a week
of birth, but only 7% of the variation in AGD could
be attributed to changes in height (Figure 1b). In ad-
dition, AGD increased (P < 0.05) as the calf grew and
reached breeding age (Figure 2), following an isometric
growth pattern. In other words, the increase in AGD
was in proportion to body size, and the relative growth
was presumably at a constant rate. Weak associations
were previously reported between AGD and hip height
(r = 0.20; P < 0.01) and age (r = 0.30; P < 0.01) in
Canadian Holstein cows (Gobikrushanth et al., 2017)
and between AGD and BW (r = 0.32; P < 0.01) and
BCS (r = 0.14; P < 0.01) in Irish Holstein cows (Gobik-
rushanth et al., 2019). However, in infants, birth weight
and length (cm) were strongly correlated with AGD
(Sathyanarayana et al., 2010). Similarly, in another
human study (Thankamony et al., 2009), a positive as-
sociation with AGD and birth weight was observed in a
linear regression model.

Anogenital distance at birth was not indicative of
the adult AGD in the present study. The youngest age
at which the AGD was associated with the AGD at
breeding age was 6 mo (r = 0.41, P = 0.05), but the
measurements of AGD between adjacent age intervals
were moderately correlated (r = 0.33-0.62; Table 1). In
a human study (Priskorn et al., 2018), a significant but
low correlation (r = 0.19, P = 0.02) was found between
AGD at 3 and 18 mo of age in female infant. In another
study, AGD increased rapidly from birth to 12 mo of
age in both male and female infants with only a minor
increase after the first year until 24 mo of age (Papa-
dopoulou et al., 2013). Similarly, although the increase
in AGD was linear and relatively fast in heifers from
birth to 16 mo of age in the current study, any further
increase in AGD as an influence of parity was much
less, albeit significant, based on data available from the
parous cows used in the present study and as reported
in previous studies (Gobikrushanth et al., 2017, 2019;
Carrelli et al. 2022).

Our results suggested that AGD at 6 mo could have
some predictive value for adult AGD. Although the
sample size of 48 heifer calves was determined by a
priori power analyses, only 22 of the 48 heifers com-
pleted the study for reasons beyond our control (i.e.,
study disruption due to the COVID-19 pandemic situ-
ation), and AGD measurements at all ages from birth
to 16 mo were available only in 20 heifers. Therefore,
these findings must be confirmed in the future with
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BW at birth (R? = 0.08; P = 0.04), and (b) hip height at birth (R? =
0.07; P = 0.06) in 48 heifer calves.
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Figure 2. Bar chart showing the mean (+ SEM) anogenital dis-
tance (AGD) measurements of heifers at different ages from 0 to 16
mo. Means with different letters (a—f) differ (P < 0.05). The numbers
at the base of each bar indicate mean AGD in millimeters.

a larger number of heifers. We found no association
between AGD at 0 mo and at 6 mo of age or later,
except a tendency (P = 0.07) for an association at 9
mo (Table 1). The most rapid rate of growth in repro-
ductive organs occurs between 7 and 10 mo of age in
Holstein heifers, in preparation for puberty (Desjardins
and Hafs, 1969). Because the age at onset of puberty
varies greatly among heifers, with puberty occurring
as early as 6 mo of age in some instances (Kinder et
al., 1995; Bruinjé et al., 2021), the possible differences
in puberty-associated changes in the external genitalia
might have contributed to a greater variation in AGD
at 6 mo compared with that at 0 mo of age.

Table 1. Pearson correlation coefficients denoting the associations of anogenital distance (AGD) among the
different stages (0-16 mo of age) of development in Holstein heifers (no. of heifers given in parentheses)"

Age in mo 0 2 6 9 12 16
0 1.00
(48)
2 0.57 1.00
<0.01
(48) (18)
6 —0.09 0.33 1.00
0.95 0.02
(46) (46) (46)
9 0.32 0.3 0.54 1.00
0.07 0.08 <0.01
(32) (32) (32) (32)
12 0.24 0.35 0.36 0.62 1.00
0.28 0.09 0.09 <0.01
(22) (22) (22) (21) (22)
16 0.27 0.32 0.41 0.31 0.62 1.00
0.21 0.14 0.05 0.16 <0.01
(22) (22) (22) (21) (20) (22)

!Correlation coefficients (r) of AGD by age (mo) are shown in the top row for each age and associated P-values

are given below the r values.
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Anogenital distance was not influenced by the differ-
ent stages of the estrous cycle (Figure 3; P = 0.99) but
was strongly correlated (Table 2; r > 0.98) and thus
considered highly repeatable within the same animal.
Similarly, Barrett et al. (2015) measured AGD in wom-
en once each during early follicular phase, mid-cycle,
and the luteal phase, repeated over 3 menstrual cycles,
and found that AGD did not differ across stages of the
cycle. In contrast, Dusek and Bartos (2012) reported
that AGD in female mice was influenced by the stages
of the estrous cycle (LSM + SE for proestrus, metes-
trus, and diestrus were 7.2 + 0.1, 7.2 £ 0.1, 7.3 + 0.1
mm, respectively; P < 0.05), although the mean AGD
differed by only 0.1 mm. Nevertheless, the repeatability
of AGD measurements in the latter study was relatively
high (r > 0.66). Estrogen is the major hormone found
at a greater concentration during the follicular phase
of the estrous cycle in cattle, which gradually increases
from 3 to 10 pg/mL during proestrus and exceeds 10
pg/mL at the onset of estrus with a nondetectable
concentration of progesterone (Henricks et al., 1971).
Mild swelling of the vulva and reddening of the vulvar
mucosa are commonly observed in cows in estrus (Dis-
kin and Sreenan, 2000); therefore, we hypothesized that
swelling of the vulva would alter the AGD measure-
ment taken at estrus, as observed by Dusek and Bartos
(2012) in estrous mice, compared with other stages of
estrous cycle. Our hypothesis was not supported as we
found no evidence of any significant alteration in AGD
during estrus compared with other stages of the estrous
cycle.

The AGD was affected by the stages of gestation,
with AGD measured at late gestation (270 d) being
greater than those measured at 30, 90, and 180 d of
gestation (Figure 4, Table 3). The tissue around the

145 1
140 +
135 +
130

125 +

Anogenital distance (mm)

120 +

130.8 131.1 131.1 131.3

115 -

Proestrus Estrus Metestrus Diestrus

Stage of estrous cycle

Figure 3. Bar chart showing the LSM (£ SEM) of anogenital
distance (AGD) measurements at different stages of the estrous cycle.
Means did not differ (P = 0.99). The numbers at the base of each bar
indicate mean AGD in millimeters.
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perineal region becomes edematous with the progres-
sion of mild swelling of the vulva several days before
calving to a pronounced swelling of the vulva at im-
pending parturition, which aids in ease of parturition
(Berglund et al., 1987). Relaxin and estrogen in the
placenta of cows have a major role in the relaxation of
pubic ligaments and preparation of the maternal birth
canal for parturition (Schuler et al., 2018). The correla-
tions of AGD among 30, 90, and 180 d of gestation were
all high (r > 0.97), but were only moderate (r > 0.63)
with AGD at 270 d of gestation. Although the vulvar
enlargement during impending parturition likely altered
the AGD at 270 d of gestation, it remained moderately
correlated with the AGD at previous stages of gesta-
tion. Because results indicated a significant increase in
AGD at 270 d of gestation, we recommend that AGD
measurement be avoided during late gestation. In this
regard, AGD during the early postpartum period, say
the first 2 wk, is also likely to be affected by edema
and inflammation resulting from parturient trauma.
Given this, AGD measurement must be avoided in the
14-d periods immediately before and after calving, as
reported by Gobikrushanth et al. (2017). Moreover,
despite the strong evidence presented in this study
that AGD was not altered up to 180 d of gestation,
our study was not designed to record AGD measure-
ments between 180 and 270 d of gestation. Therefore,
we cannot be certain that AGD was not affected during
that (180-270 d) window. It is possible that gradual
increments in AGD began during this period culmi-
nating in the significant increase documented at 270 d
of gestation. Future studies must document any AGD
changes that may occur from 180 to 270 d of gestation
to conclusively determine the earliest gestational stage
when pregnancy-associated increase in AGD becomes
evident in cattle.

The stages of lactation at 30, 60, 90, 120, 150, 180,
210, 240, 270, and 300 DIM did not affect AGD (Figure
5). The correlation among AGD measured at different
stages of lactation was very high (Table 4; r > 0.95). As

Table 2. Pearson correlation coefficients denoting the associations of
anogenital distance (AGD) among the different stages of the estrous
cycle (n = 20 at each stage) in Holstein cows'

Stage of cycle Metestrus Diestrus Proestrus Estrus
Metestrus 1.00
Diestrus 0.99 1.00
<0.01
Proestrus 0.98 0.98 1.00
<0.01 <0.01
Estrus 0.98 0.98 0.98 1.00
<0.01 <0.01 <0.01

!Correlation coefficients (r) of AGD by stage of estrous cycle are shown
in the top row for each stage and associated P-values are given below
the r values.
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Figure 4. Bar chart showing LSM (£SEM) anogenital distance
(AGD) measurements in mm at different stages of gestation. Means
with different letters (a, b) differ (P < 0.05). The numbers at the base
of each bar indicate mean AGD in millimeters for the corresponding
stage of gestation.

hypothesized, AGD did not change during the differ-
ent stages of lactation. These results implied that AGD
could be measured at any phase of lactation.

The possible confounding effects of the different
physiological states on each other (for example, stages
of lactation confounded with stages of estrous cycle or
with stages of gestation) were not considered in this
study because AGD was not affected by any of the
physiological states, with the only exception being late
(270 d) gestation. The mean (£ SD) stage of gesta-
tion when cows assigned to the lactational stages study
reached 300 DIM (stage of last AGD measurement) was
164 4+ 63 d, which indicated that the stages of gesta-
tion could not have been a confounder in the lactation
study.
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Figure 5. Bar chart showing LSM (+ SEM) of anogenital distance
(AGD) measurements at different phases of lactation. Means did not
differ (P = 0.96). The numbers at the base of each bar indicates mean
AGD.
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Table 3. Pearson correlation coefficients denoting the associations of
anogenital distance (AGD) measurements among the different stages
(30, 90, 180, and 270 d) of gestation in Holstein cows (no. of cows
appear in parentheses)

Day of gestation 30 90 180 270
30 1.00
(79)
90 0.97 1.00
<0.01
(79) (79)
180 0.96 0.97 1.00
<0.01 <0.01
(78) (78) (78)
270 0.62 0.62 0.63 1.00
<0.01 <0.01 <0.01
(69) (69) (68) (69)

'Correlation coefficients (r) of AGD by day of gestation are shown in
the top row for each stage of gestation and associated P-values are
given below the r values.

In summary, to our knowledge, this was the first
study to establish the repeatability of AGD at vari-
ous ages from birth to breeding age in Holstein heifers,
and at important physiological states in Holstein cows.
Although AGD measured at birth did not reflect the
AGD of breeding-age heifers, AGD measured at 6 mo
of age did, to a certain extent. Moreover, AGD was
neither affected by any stage of the estrous cycle or
lactation nor by most stages of gestation. Our results
indicated that AGD is highly repeatable and remains
largely unaffected by postnatal physiological states in
Holstein cows. We concluded that AGD at 6 mo is a
reliable indicator of AGD at 9, 12, and 16 mo of age in
nulliparous heifers, and AGD could be measured con-
sistently through most physiological states in parous
cows, except during the last 2 wk of gestation. The
earliest gestational stage when pregnancy-associated
increase in AGD occurred, however, could not be de-
finitively established in the present study.
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Table 4. Pearson correlation coefficients denoting the associations of anogenital distance (AGD) measurements among the different stages

(30-300 d, DIM) of lactation in Holstein cows (n = 70 at each stage)'

DIM 30 60 90 120 150 180 210 240 270 300
30 1.00
60 0.95 1.00
<0.01
90 0.94 0.96 1.00
<0.01 <0.01
120 0.94 0.95 0.96 1.00
<0.01 <0.01 <0.01
150 0.94 0.97 0.96 0.97 1.00
<0.01 <0.01 <0.01 <0.01
180 0.90 0.94 0.96 0.94 0.96 1.00
<0.01 <0.01 <0.01 <0.01 <0.01
210 0.90 0.94 0.96 0.95 0.96 0.97 1.00
<0.01 <0.01 <0.01 <0.01 <0.01 <0.01
240 0.90 0.93 0.95 0.95 0.95 0.96 0.98 1.00
<0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
270 0.90 0.94 0.96 0.97 0.95 0.94 0.98 0.97 1.00
<0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
300 0.90 0.92 0.94 0.95 0.93 0.94 0.96 0.96 0.97 1.00
<0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

!Correlation coefficients (r) of AGD by DIM are shown in the top row for each stage and associated P-values are given below the r values.
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