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Abstract

Equestrians report a high rate of chronic pain (CP), which can disrupt horse-rider movement patterns, communication,
and safety. Equestrian-related risk factors (i.e., participation level) for reporting CP are well established, while demographic
predictors remain underexamined in American equestrians. The purpose of this study was to examine demographic pre-
dictors of self-reported CP in American equestrians. This study was a secondary analysis of cross-sectional survey data
from adult American equestrians (n =1,968) that included self-reported CP status (no formal definition or diagnosis) and
demographicvariables. All variables were categorical. Chi-square tests (P < 0.25) informed forward-selection binary logistic
regressions to estimate odds (ORs) of reporting CP across demographic variables, with significance set at P < 0.05. Approx-
imately 45% of the sample reported general CP. The sample was predominantly female (96%). Participation level was a
significant predictor of reporting general CP and chronic back, pelvic, and lower leg pain, with professionals having 1.71-1.95
greater odds (P < 0.05) than recreational equestrians, and 1.39-1.80 greater odds than amateur equestrians (P < 0.05). Body
mass predicted general CP and chronic back pain, with riders weighing <91 kg having lower odds of reporting general
and back CP (ORs = 0.45-0.60, P < 0.05). Model discrimination was modest across analyses (c-statistics: 0.58—0.63). Par-
ticipation level remains significantly associated with reporting. Body mass emerged as a potential predictor, while other
demographic predictors (e.g., age and sex) remain uncertain with regard to reporting CP in American equestrians. Future
research should examine body mass, riding biomechanics, and joint-specific load distribution across disciplines with con-
sideration of horse and human health.
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1. Introduction coordination between the horse and rider, such that the
rider's posture, balance, and movement directly influence
the horse's gait and movement patterns [5-8]. Beyond the
physical demands of the sport, participation also involves a
human-animal bond that contributes to improved mental,
social, and physical well-being [9-11].

Equestrian activities provide a unique form of lifelong
physical engagement across a variety of disciplines, each
with distinct rules and performance objectives. They are
considered an "early-start” and "late-specialization” sport,
which supports participation across the lifespan, including
childhood development and later career and family phases
[1-4]. Equestrian activities are highly inclusive, with males
and females competing together across all levels of partic-
ipation (e.g., recreational, amateur, and professional) [2,3].
Successful riding relies on a high degree of biomechanical

Participation in equestrian activities is associated with sev-
eral benefits, including improved balance, strength, physi-
cal well-being, mood, self-esteem, and social connectedness
[12-19]. These benefits often coexist with a high risk of acute
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and overuse injuries. Horses, as large sentient animals, are
responsive to environmental and human stimuli and can be-
have unpredictably, increasing the risk of injury during rid-
ing and handling [20-22]. Equestrians are also susceptible
to overuse injuries due to the accumulation of musculoskel-
etal strain over time from repetitive biomechanical forces
during riding and routine barn work [23-28]. The accumu-
lation of repetitive forces and the high risk of acute injuries
can lead to long-term health consequences for equestrians.

Such injuries may progress to chronic pain (CP), defined as
pain that persists or recurs for more than half of the days per
week for three months or longer [29]. CP imposes a substan-
tial societal burden when considering the cost of disability,
medical losses, and decreased productivity [30,31]. In the
general population, risk factors for CP include age, seden-
tariness, obesity, manual labor, low socioeconomic status,
sleep disturbances, and psychosocial strain [32,33]. One of
the most prominent risk factors for chronic musculoskele-
tal pain is sedentariness (i.e., prolonged waking time spent
sitting or reclining), coupled with low engagement in mod-
erate-to-vigorous physical activity (i.e., not meeting physical
activity guidelines) [34]. Together, these factors can facilitate
weight gain, which is a concern, as obesity also significant-
ly increases the risk of developing chronic musculoskeletal
pain [34,35]. Finally, patterns of older-aged individuals and
females experiencing a higher prevalence of musculoskele-
tal pain have surfaced within current literature [33].

Previous studies reveal that 24-87% of equestrians report ex-
periencing CP, with low back pain being the most prevalent
[36-43]. This high rate of CP in equestrians is not only con-
cerning from a human health perspective, but also from a
horse welfare and safety standpoint. Balance and coordinat-
ed movement patterns are essential for communication be-
tween the horse and rider [44-48]. Equestrians experiencing
CP may adopt compensatory movement patterns that alter
posture and loading on the horse's back, which could nega-
tively impact equine movement and welfare [49]. Therefore,
understanding potential risk factors that increase the rate
of CP in equestrians is critical to both horses and humans.

Studies have identified that participation level, discipline,
hours spent riding, barn chores, and saddle fit are related to
overuse injuries, acute pain, and CP in equestrians [26,36—
41,43,50,51]. Across the literature, participation levels consis-
tently emerge as a strong and reliable factor relating to acute
pain and CP, with professionals reporting a higher frequen-
cy of pain than recreational and amateur riders [43,52,53].
While participation level and other equestrian-related risk
factors provide important context, identifying demographic
patterns of CP is a critical step that remains underdeveloped
in the equestrian literature.

Previous work has yielded inconsistent findings regarding
demographic risk factors for reports of pain in equestrians.
With respect to age, one study identified younger riders at
greater risk of reporting low back pain, while others have re-
ported a higher risk among older riders [53,54]. Two studies
specifically report that riders over 35 years old are most like-
ly to report experiencing pain [37,39]. In contrast, one study
reported no association between age and pain [38]. While

studies report varying findings, the balance of evidence sug-
gests a trend toward greater reporting of pain with increas-
ing age, similar to that observed in the general population.

Evidence regarding sex differences is similarly mixed. Lewis
and Baldwin [37] reported that female event riders were
more likely than males to report pain, a pattern echoed in
later work showing that females were more likely to have
experienced pain in the previous two years than their male
counterparts [37,39]. Another study also found a higher risk
of low back pain among females [55], whereas Ferrante et al.
[53] reported no association between sex and low back pain.
Despite some inconsistency, findings more commonly indi-
cate higher pain reporting among female equestrians.

Anthropometric characteristics (e.g., height, body mass,
and body mass index (BMI)) have likewise produced con-
tradictory findings. Some studies have found no associa-
tions between anthropometric variables and reporting pain
and pain-related functional limitations [25,53,54,56,57].
However, other studies have reported that higher BMI and
body mass are associated with greater pain-related disabil-
ity and an increased risk of low back pain across the lifes-
pan [53,54,56,57]. Taken together, there is some evidence to
suggest that greater body mass may be associated with in-
creased pain risk. Considering these inconsistencies, which
are derived predominantly from European samples, it is
critical to examine demographic factors associated with re-
porting CP in American equestrians.

The general American population exhibits higher obesity
rates, lower physical activity engagement, and worsening
mental health trends compared to many European countries
[58,59]. In this context, understanding how demographic
risk factors relate to self-reported CP in American equestri-
ans is crucial for identifying targets for prevention and ear-
ly intervention to decrease CP rates. American equestrians
represent a wide range of individuals across the lifespan.
Identifying demographic factors associated with CPis a crit-
ical step toward improving long-term participation, safety,
and overall well-being. Therefore, the purpose of this study
was to examine demographic predictors of self-reported CP
in American equestrians. We hypothesized that (1) partici-
pation level would be significantly associated with reporting
CP, with professionals at greater risk of reporting general
and regional CP, and (2) equestrians with higher body mass,
who were female, and were of older age would be at greater
risk of reporting general and regional CP.

2. Methods

2.1. Study Design and Data Source

Data collected and stored from a cross-sectional survey in
2020-2021 were leveraged for a secondary analysis of demo-
graphic variables and their associations with self-reported
CP.The original dataset was used to evaluate physical activity
across participation level [17] and to assess the relationships
between self-reported acute injury and CP status across par-
ticipation level [43]. The data have also been used to evaluate
relationships between physical activity engagement and re-
porting CP in equestrians [60]. These data analyses were ap-
proved by the University of Kentucky's Institutional Review
Board under protocol number 56488.
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2.2. Dataset Inclusion and Validation

The current study used a new set of inclusion criteria com-
pared to the previous studies [17,43,60]: included responses
were from (1) active equestrians 18 years or older, (2) who
completed the CP section of the survey, and (3) provided de-
finitive answers for demographic and CP questions (e.g., not
"prefer not to answer").

2.3. Questionnaire Details

All variables extracted for the secondary analysis were cate-
gorical. Questions included general demographics that de-
termined sex, height, body mass, region of the United States
(US), race, and age. Questions regarding equestrian partic-
ipation included the participation level (professional, ama-
teur, and recreational), number of years spent participating
in equestrian activities, how often they engaged in eques-
trian activities in the 6 months prior to taking the survey
(monthly, 1-2 days/week, 3—4 days/week, 5-6 days/week, or
daily), and if they participate year-round (Y/N). Professional
equestrians were defined as individuals receiving payment
for riding/training/grooming. Amateur equestrians were
defined as individuals who are competitive but do not re-
ceive financial compensation. Recreational equestrians
were defined as individuals who engage in noncompetitive
activities [17]. If they selected "no" to whether they partic-
ipated year-round, branching logic asked them to select
which seasons they engaged in equestrian activities. Finally,
individuals were asked if they currently experience any CP
(Y/N) without a formal definition or diagnosis. If they se-
lected "yes", then they were asked to select all the anatomical
regions they experience pain in, with the options including
head/face, neck, chest, back, breasts, abdomen, arms, hands,
pelvis, genitals, upper leg, lower leg, and feet.

2.4. Data Cleaning

Data cleaning and analysis were completed in SAS 9.4. The
original dataset comprised 2,579 initiated responses. Based
on the inclusion criteria, data from 115 minors (younger than
18 years old) were excluded, 416 individuals were excluded
for not completing the CP section, and 79 were excluded for
not providing definitive responses to key items (including
missing data). Following data cleaning, data were examined
for duplicates (n = 0) and response validity, which included
checking for implausible values, such as participants report-
ing years of experience in equestrian activities greater than
their age (n =1). The final dataset for this analysis included
1,968 responses.

To address categories with sparse counts, response catego-
ries were generally collapsed to preserve ordinal structure
and to satisfy standard assumptions for contingency analy-
ses (i.e., ensuring that at least 5% of the sample contributed
to each combined category). Two variables warranted excep-
tions to this 5% rule. For height, collapsing all categories with
fewer than 5% of responses would have reduced six levels to
only two, eliminating meaningful distinctions and limiting
interpretability. Instead, we collapsed low-frequency cate-
gories at the shortest and tallest ends of the distribution, ac-
knowledging that the resulting categories still did not reach
the 5% threshold. Similarly, for years of equestrian experi-
ence, there were low frequencies in the two categories repre-
senting <5 years of experience. Rather than combining these

with a third category and creating an overly broad grouping
of <10 years of experience, we collapsed only the two catego-
ries to retain a more meaningful distinction for early years
of equestrian activity. Table 1 presents the frequencies and
percentages for each category before and after collapsing.

For individuals who did not report riding year-round, a vari-
able was created by summing the number of seasons in which
they reported riding (range: 1-3). Participants who indicated
riding in all four seasons were reclassified into the "yes" (par-
ticipates in equestrian activities year-round) category.

Table 1: Frequency and percentage of responses in categories
before and following collapsing.

Pre-collapsing categories Post-collapsing categories

n % n %
Age (y)
18-24 283 14.3 18-24 283 14.3
25-29 227 11.4 25-29 226 11.4
30-34 222, 11.2 30-34 222 11.2
35-39 216 10.9 35-39 215 10.9
40-44 161 8.1 40-44 161 8.1
45—49 120 6.0 45-49 120 6.1
50-54 146 7.4 50-54 146 7.4
55-59 146 7.4 55-59 146 7.4
60-64 204 10.3 60—64 204 10.3
65—69 147 7.4 65-69 146 7.4
70-74* 88 4.4 >70% 112 5.7
>754 26 13
Height (cm)
<137* 5 0.3 <1524 33 17
137-150* 28 1.4 152165 1010 51.0
152-165 1011 50.9 168-180 877 44.3
168-180 878 44.2 >181% 61 3.1
183-196" 61 3.1
>197° 3 0.2
Body mass(kg)
<45* 9 0.5 <574 264 13.3
45-56" 256 12.9 57-68 618 31.2
57-68 618 31.1 68-79 533 26.9
68-79 533 26.8 79-90 319 16.1
79-90 320 16.1 91-102 146 7.4
91-102 148 7.5 >103" 101 5.1
103-113° 55 2.8
114-124" 20 1.0
125-136" 17 0.9
>137° 10 0.5
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Pre-collapsing categories Post-collapsing categories

n % n %

Years of experience in equestrian activities (y)

<14 5 0.3 <sB 52 2.6
14 48 2.4 5-9 125 6.3
5-9 125 6.3 10-14 203 10.3
10-14 203 10.2 15-19 263 13.3
15-19 263 13.2 20-24 255 12.9
20-24 256 12.9 25-29 218 11.0
25-29 218 11.0 30-34 221 11.2
30-34 221 11.1 35-39 128 6.5
35-39 128 6.5 4044 103 5.2
40-44 104 5.2 45-49 100 5.1
45-49 100 5.0 >50 313 15.8
=50 315 15.9

Superscript letters (A, B) demonstrate categories combined from the
pre-collapsing categories and their respective post-collapsing categories.

2.5. Statistical Analysis

All analyses were conducted in SAS 9.4. Statistical signifi-
cance was defined as P < 0.05. Frequencies and descriptive
statistics were calculated for all variables. Correlations
among ordinal variables were evaluated using Kendall's
Tau correlation coefficients.

Associations between demographic variables and (1) par-
ticipation level, (2) reporting any CP (general CP), and (3)
reporting CP in specific anatomical regions (regional CP)
were examined using chi-square tests. Chi-square analy-
ses were conducted only when at least 80% of cells had ex-
pected counts of >5. Using this criterion, regional CP anal-
yses were only completed for the back, pelvis, neck, upper
leg, and lower leg, while the other eight regions did not
have high enough counts to run analyses. These regional
analyses evaluated reporting CP (Yes/No) across demo-
graphic variables. All demographic variables (including
collapsed variables) met chi-square assumptions except
for race and the number of seasons ridden if not riding
year-round.

For general CP and the five regional CP outcomes, vari-
ables with P < 0.25 in chi-square analyses were entered
into the forward-selection binary logistic regression mod-
els, consistent with purposeful selection approaches [61].
Variable retention for models was set at P < 0.05. The de-
pendent variable in each model was reporting CP (gener-
al or regional), coded with "yes, experiencing CP" as the
reference category so that odds ratios (ORs) reflect the
increased or decreased likelihood of reporting CP. Model
results are reported as ORs with 95% confidence intervals
(95% CIs) and P-values for retained variables, along with
the c-statistic (area under the receiver operating charac-
teristic curve).

The Akaike Information Criterion (AIC) provides a measure-
ment of overall model fit while penalizing the complexity of
the predictor variables added. AIC is dataset-specific and
does not provide interpretable results without comparison
to other models from the same dataset. Therefore, we pro-
vide AIC, , . (AIC,), which provides a value comparing the
models with added variables relative to the null model, de-
fined as AIC, =AIC_, - AIC__, . The values of AIC, should be
interpreted such that larger positive values indicate greater
improvement over the null model, while o indicates no im-
provement, and negative values indicate worse fit compared
to the null model. To aid interpretation, we also present ORs
from significant models using alternative reference groups,
as specified in the results.

3. Results

The final dataset included 1,968 American adult equestri-
ans. The sample was predominantly female (96.0%) and
Caucasian (94.0%), with representation across all adult
age ranges and regions of the US. Professionals comprised
20.1% of the sample, while amateur (39.1%) and recre-
ational (40.8%) equestrians were evenly represented. Most
participants (87.7%) engaged in equestrian activities on
a year-round basis. Among those who did not ride year-
round, 91.4% reported participating in three seasons per
year, with the majority indicating they did not participate
during the winter. Regarding riding frequency in the past
6 months, 17.5% of participants reported riding inconsis-
tently (only riding monthly), while the remaining 82.5%
reported riding each week consistently. Nearly half of the
sample (44.9%) self-reported experiencing general CP, and
the most frequently reported region of CP was the back
(27.1%), followed by the pelvis (10.1%), lower leg (9.2%), neck
(9.1%), and upper leg (7.2%). No other region had a percent-
age greater than 5% of the sample, and therefore, no other
models were run for these regions. Among the 884 individ-
uals reporting CP, 49.5% reported experiencing CP in one
anatomical region, 26.7% in two regions, 12.8% in three re-
gions, and 11.0% in four or more regions. Table 2 presents
the frequencies and counts for sex, age, height, body mass,
equestrian engagement, and general and regional CP by
participation level with chi-square results.

Kendall Tau correlations revealed only three significantly
correlated ordinal variables with a | T | > 0.20. Age had a
weak negative correlation with participation level of T =
-0.21, P < 0.001, meaning that as age increased, the level
of participation decreased from professional (3) to recre-
ational (1). Age also had a strong positive correlation with
years of equestrian experience, with T = 0.55, P < 0.001.
Body mass and height showed a weak positive correlation,
with t=0.30, P < 0.001.

3.1. Chronic Pain Models

For general CP, participation level (P = 0.0001), body mass
(P =0.0002), sex (P =0.161), experience in equestrian activ-
ities (P = 0.249), and year-round participation (P = 0.106)
fell within the P < 0.25 cutoff used in the binary logis-
tic regression. The final binary logistic regression mod-
el retained participation level (P = 0.0001), body mass (P
= 0.0002), and sex (P = 0.0086) as significant predictors
for reporting general CP. The overall fit of the model, in-
cluding both predictors, was significantly better than the
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intercept-only (null) model (likelihood ratio x*(7) = 49.7, P
< 0.0001; AIC, = 33.71), with modest model discrimination
(c-statistic = 0.58). Forest plots depict ORs and 95% CIs that
are presented in Figure 1 for participation level and Figure
2 for body mass categories. Professionals were more likely
to report general CP than both amateur and recreational

riders, whereas there was no significant difference in the
likelihood of reporting general CP between recreation-
al and amateur equestrians. Riders weighing <91 kg were
less likely to report general CP than those weighing >91 kg.
Females had 1.91 greater odds of reporting general CP than
males (95% CI: 1.17-3.12, P = 0.01).

Table 2: Frequencies and counts for self-reported demographics, anthropometric characteristics, equestrian engagement
details, and chronic pain by participation level in equestrian activities. P-values represent results of chi-square tests
between the variable and participation level, with significance set at P < 0.05.

Recreational Amateur Professional P-value
n % n % n %
Sex
Female 750 97.5 772 96.1 368 92.9 <o0.01*
Male 19 2.5 31 3.9 28 7.1
Age (y)
18-24 53 6.9 159 19.8 70 17.7 <o0.01*
25-29 75 9.8 76 9.5 73 18.4
30-34 74 9.6 84 10.5 63 15.9
35-39 76 9.9 86 10.7 52 13.1
40-44 56 7.3 69 8.6 34 8.6
45-49 46 6.0 48 6.0 25 6.3
50-54 65 8.5 54 6.7 26 6.6
55-59 68 8.8 61 7.6 16 4.0
60-64 109 14.2 76 9.5 18 4.6
65-69 79 10.3 55 6.9 10 2.5
70+ 68 8.8 35 4.4 9 2.3
Height (cm)
<152 9 12 17 2.1 7 1.8 <o0.01*
152-165 416 54.1 412 51.3 173 43.7
168-180 326 42.4 355 44.2, 192 48.5
>181 18 2.3 19 2.4 24 6.1
Weight (kg)
<57 90 11.7 120 14.9 53 13.4 0.06
57-68 229 29.8 252 314 134 33.8
68-79 213 27.7 224 27.9 92, 23.2
79-90 128 16.6 121 15.1 67 16.9
91-102 55 7.2 58 7.2 31 7.8
=103 54 7.0 28 3.5 19 4.8
Participates in equestrian activities year-round
No 148 19.3 70 8.7 24 6.1 <o0.01*
Yes 621 80.8 733 91.3 372 93.9
Number of seasons individuals participate in, if not year-round
1 7 0.9 2 0.3 1 0.3 NA
2 9 1.2 4 0.5 o 0.0
3 131 17.0 64 8.0 23 5.8
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Recreational Amateur Professional P-value
n % % n %
Engagement frequency on average over the past 6 months
Monthly 235 30.6 9.1 36 9.1 <o0.01*
1-2 days/week 194 25.2 138 17.2 38 9.6
3—4 days/week 253 32.9 336 41.8 116 29.3
5-6 days/week 78 10.1 226 28.1 126 31.8
Daily 9 1.2 3.7 80 20.2
Experience chronic pain
No 450 58.5 453 56.4 181 45.7 <o.01"
Yes 319 415 350 43.6 215 54.3
Experience chronic back pain
No 590 76.7 583 72.6 261 65.9 <0.01*
Yes 179 23.3 220 27.4 135 34.1
Experience chronic pelvic pain
No 702 91.3 730 90.9 337 85.1 <o.01*
Yes 67 8.7 9.1 59 14.9
Experience chronic neck pain
No 705 91.7 735 91.5 349 88.1 0.10
Yes 64 8.3 8.5 47 1.9
Experience chronic lower leg pain
No 717 93.2 723 90.0 348 87.9 <0.01*
Yes 52 6.8 10.0 48 12.1
Experience chronic upper leg pain
No 711 92.5 755 94.0 361 91.2 0.17
Yes 58 7.5 6.0 35 8.8

*Indicates a statistically significant chi-square test (P < 0.05).

Participation level (P = 0.0004), body mass (P = 0.001), en-
gagement frequency (P = 0.052), sex (P = 0.034), geograph-
ical region (P = 0.194), and year-round participation (P =
0.237) met the cutoff to be entered into the chronic back
pain model. The final forward-selection binary logistic re-
gression model retained participation level (P = 0.0001),
body mass (P = 0.0001), and sex (P = 0.002) as significant
predictors for chronic back pain. The final model, including
participation level, body mass, and sex, showed adequate fit
compared to the intercept-only (null) model (likelihood ratio
X*(7) = 35.1, P < 0.0001, AIC, = 30.5). Model discrimination
was modest (c-statistic = 0.59). Forest plots depicting ORs
and 95% CIs are presented in Figure 1 for participation level
and in Figure 2 for body mass categories. Females were at
2.67 greater odds of reporting chronic back pain than males
(95% CI: 1.43-4.97, P = 0.002). ORs were significant between
all participation levels (P < 0.05). Similar to our general CP
results, individuals in the lower body mass categories were
less likely to report chronic back pain than those in the high-
er body mass categories.

Participation level (P=0.002), age (P=0.008), sex (P =0.136),
body mass (P=0.134), and years of experience (P=0.152) met

the cutoff for the chronic pelvic pain model. Participation
level (P =0.002) and age (P = 0.008) were retained in the fi-
nal model to predict experiencing chronic pelvic pain, and
showed adequate fit compared to the intercept-only model
(likelihood ratio x*(12) = 36.3, P = 0.0003, AIC, =12.3). Model
discrimination was modest (c-statistic = 0.63). Forest plots
depicting ORs and 95% CIs are presented in Figure 1 for
participation level. Professionals were at greater odds of re-
porting chronic pelvic pain than amateurs and recreation-
al equestrians, while there was no significant difference in
odds between amateurs and recreational equestrians. There
was no clear-cut age range that demonstrated an increased
risk of reporting chronic pelvic pain. Compared to individ-
uals 18—24 years old (y/o), those who were 35-39 y/o had 1.76
(95% Cl: 1.01-3.07) greater odds, and those 65-69 y/o had 1.95
(95% CI: 1.04-3.64) greater odds of reporting chronic pelvic
pain. Similarly, compared to those who were 25-29 y/o, par-
ticipants who were 35-39 y/o (OR: 2.28, 95% Cl: 1.22-4.26),
50-54 y/o (OR: 2.3, 95% CI: 1.16-4.55), and 65-69 y/o (OR: 2.52,
95% CI: 1.26-5.02) were at greater odds of reporting chronic
pelvic pain.
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Forest Plot for Odds of Reporting Experiencing Chronic Pain by
Participation Level in Equestrian Activities
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Figure 1: Forest plots depict odds ratios (colored circles) and 95% confidence intervals (horizontal bars) for reporting
"yes" to experiencing each chronic pain (CP) outcome (general CP, chronic back, lower leg, and pelvic pain) in relation to
participation level in equestrian activities. Significant odds ratios are represented by bolded lines and circles (P < 0.05).
For each row, the group listed first is compared with the reference group in parentheses. For example, data should be
interpreted as "Amateurs have 1.3 higher odds of reporting chronic back pain than recreational equestrians.”

Forest Plot for Odds of Reporting Experiencing Chronic Pain by Body
Mass (kg) in Equestrians
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Figure 2: Forest plots depict odds ratios (colored circles) and 95% confidence intervals (horizontal bars) for reporting "yes"
to experiencing each chronic pain (CP) outcome (general CP, chronic back, and lower leg pain) in relation to body mass
(kg). Significant odds ratios are indicated by bolded lines and circles (P < 0.05). For each row, the group listed first is
compared with the reference group in parentheses. For example, data should be interpreted as "Equestrians reporting they
weigh <57 kg were 53% (1.0-0.47 = 0.53) less likely to report experiencing general CP than those weighing 91-102 kg."

For chronic lower leg pain, participation level (P = 0.006),
body mass (P = 0.011), age (P = 0.097), and height (P = 0.205)
met the cutoff to be included in the model. The final binary
logistic regression model retained both participation lev-
el (P =0.006) and body mass (P = 0.005) with adequate fit
compared to the intercept-only model (likelihood ratio x2(7)
= 24.4, P = 0.001, AIC, = 10.4). The model also demonstrat-
ed modest model discrimination (c-statistic = 0.61). Forest
plots depicting ORs and 95% CIs are presented in Figure 1
for participation levels, and in Figure 2 for body mass cat-
egories. Professionals and amateurs were at greater odds

of reporting chronic lower leg pain than recreational rid-
ers, with no difference between professional and amateur
equestrians. Individuals weighing <90 kg were less likely to
report lower leg pain than those weighing >103 kg.

For chronic neck pain, participation level (P = 0.099) and
sex (P = 0.10) met the cutoff to be included in the model. No
variables were maintained in the binary logistic regression
model for reporting chronic neck pain. Similarly, for chron-
ic upper leg pain, participation level (P = 0.171) was the only
variable that met the cutoff, and no variables were main-
tained in the binary logistic regression model.
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4. Discussion

This study examined demographic risk factors associated
with self-reported CP among adult American equestrians.
We hypothesized that participation level would be signifi-
cantly associated with reporting CP, with professionals
at higher odds of reporting general and regional CP than
amateur and recreational equestrians. This hypothesis was
supported in the current study for general CP and chronic
back, lower leg, and pelvic pain. Our second hypothesis was
that equestrians with higher body mass, who were female
and of older age, would have higher odds of reporting gen-
eral and regional CP. Body mass was significantly associated
with reporting general CP, chronic back pain, and chronic
lower leg pain, with heavier individuals being more likely to
report CP than lighter individuals. Sex was associated with
general CP and chronic back pain, with females at greater
odds of reporting chronic back pain than males. However,
sex differences were not identified in general or other re-
gional CP. Despite a significant association between age
and chronic pelvic pain, greater odds were not confined to a
specific age range. As foundational information, these data
represent participants across the US, the adult lifespan, and
participation levels. While the current study provides foun-
dational information regarding demographic factors associ-
ated with reporting CP in American equestrians, these find-
ings should be interpreted with consideration of the study's
limitations. These include the use of a pre-existing dataset
for secondary analysis, the absence of a standardized defi-
nition of CP in the original survey, and modest model dis-
crimination across analyses, indicating a limited ability to
distinguish between participants who did and did not report
experiencing CP.

The current study aligns with previous literature supporting
that professionals have a greater likelihood of reporting CP
than recreational and amateur equestrians. This relation-
ship was identified for general CP and chronic back and
pelvic pain. Participation level consistently emerges as a key
factor associated with CP in equestrians. Financially, pro-
fessionals rely on training horses, managing boarding facil-
ities, providing lessons and clinics, and working in numer-
ous environments as their primary income. Therefore, their
higher odds of reporting CP are associated with greater cu-
mulative exposure to equestrian demands [12,17,23,24,62].
Higher workload increases musculoskeletal stress and the
risk of developing overuse injuries and CP in regions such
as the low back, pelvis, and shoulder [40,63,64]. As a primary
source of income, professionals lack the ability to reduce or
modify workload to accommodate pain, which may contrib-
ute to the higher reports of CP in this group. Research in oth-
er occupational settings reports that the flexibility to modi-
fy work tasks is positively associated with reduced levels of
disability related to CP and recurrence of CP [65]. Notably,
the current study indicates that participation level remains
a significant predictor of reporting CP after accounting for
demographic and anthropometric characteristics. The el-
evated reports of CP in professionals across the literature,
paired with the current study's findings, highlight the need
for future research to focus on the occupational demands
and environmental settings (i.e., arena type, stable design,
equipment, frequent travel, etc.) [66-69].

Participation level also reflects both the number and the
training level of horses ridden regularly [17]. Younger,
"greener” horses, defined as horses with limited training and
inconsistent responses, are more likely to react unpredict-
ably to environmental stimuli and rider cues [20,21,70,71].
While performing these job demands, professionals are
more likely to ride greener horses than amateurs and rec-
reational equestrians, creating a greater risk of acute injury
[27,72-76]. A majority of equestrians who have sustained a
severe equestrian-related injury report experiencing long-
term health impacts, including CP [64]. Consistent with
this pattern, experiencing a previous acute injury increased
the odds of reporting CP in the same region across most
anatomical sites in equestrians [43,52]. Finally, equestrian
culture is known for the minimization of human injury, in-
cluding disregarding injury completely, not seeking medical
attention, and not adhering to rehabilitation, all of which
could be heightened for professionals who rely on equestri-
an activities as their primary income [43,77-80]. Financial
stress is a key motivator for individuals to continue work-
ing despite pain [80-82]. Taken together, the current study
extends and reinforces prior work by demonstrating that
participation level remains a significant and independent
contributor to reports of CP.

Within the equestrian community, the body mass of the
rider is commonly discussed in relation to the health, wel-
fare, and movement of the horse [83-85]. Most CP research
in equestrians has focused on anthropometric measures
in relation to back pain, as this is the most reported region
for CP. However, the association between body mass and
chronic back pain remains inconsistent across the litera-
ture [26,36-40,53,54]. One study reported similar findings
to the current study, with body mass being associated with
reports of low back pain episodes across the participants'
lifetime in Italian equestrians [53]. However, the same study
reported no relationship between body mass and experienc-
ing low back pain in the past year [53]. Similar findings are
echoed in another study comprised of Portuguese equestri-
ans [54]. While the current study did not collect information
regarding BMI, one study reported that increased BMI was
associated with higher disability scores [54]. Taken togeth-
er, the variability between the current and previous studies
likely reflects differences in study design, measurement
approaches, definitions (or lack thereof) of CP, and how an-
thropometric variables were captured.

An important divergence between the current study and pri-
or work is the difference in body mass distributions. Previous
literature reported an average body mass between 60.1 and
76.5 kg for both females and males [53,54]. When extrapolat-
ing the reported body mass ranges based on reported means
and standard deviations, these samples only marginally ap-
proach the o1 kg threshold identified in the current sample.
In contrast, our study collected body mass categorically and
included a larger body mass range, with ~15% of the current
sample reporting body mass >91 kg. Although the use of cat-
egories is a limitation in terms of measurement precision, it
offers practical advantages by reducing social desirability bias
related to self-reported body mass. Individuals are generally
more willing to select an accurate range than to provide an
exact number, particularly if they perceive their body mass
to fall outside of socially desirable norms [86]. This tendency
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may be amplified within equestrian sports, as some eques-
trian disciplines rely heavily on aesthetic-based scoring and
the body mass of the rider is often discussed in terms of horse
welfare [5,87-90]. With consideration of the categorical ap-
proach and modest model discrimination, the observed as-
sociations between body mass and CP should be interpreted
with appropriate caution, as these associations likely capture
only a portion of the factors contributing to CP in equestrians.

Differences in body mass between the current sample and
those in previous studies likely arise from two main factors:
national obesity rates and equestrian participation level. Prior
work has focused on European equestrians, who come from
populations with lower national obesity rates than the United
States (e.g., 15.8-23.7%in Italian adults vs. 40.3% in U.S. adults)
[91,92]. These differences suggest that a larger proportion of
individuals who meet diagnostic criteria for obesity may be
engaging in equestrian activities in the United States than
in some European countries. Two recent studies evaluating
body mass and pain were distributed through national eques-
trian federations and therefore likely over-represent compet-
itive, registered riders, whereas the current study included
equestrians outside these structures [53,54]. As a result, ear-
lier findings may be less generalizable to recreational riders
who are not members of a national federation and may expe-
rience less pressure related to aesthetic-based scoring. With
consideration of these differences, the present study suggests
a potential body mass threshold at which CP may increase in a
broader, more recreational equestrian population.

Understanding how body mass may influence CP is crit-
ical, particularly given its direct implications for equine
welfare [93]. Prior work demonstrated that a higher rider-
to-horse body mass ratio and rider position in the saddle
(which changes with body mass) can impair equine gait
and increase the risk of lameness occurring [94]. The study
emphasized the importance of future research to quantify
rider body weight and anthropometric characteristics (e.g.,
leg and torso length), as they alter weight distribution, bal-
ance, and dynamic loading on the horse's back [93,94]. When
arider is heavier and experiencing CP, it is plausible that the
rider uses compensatory movement patterns, which may ex-
acerbate asymmetrical movement and load distribution on
the horse. This concern is further supported by research in
the general population demonstrating that individuals with
low back pain exhibit greater asymmetry in pelvic and trunk
motion while sitting and standing compared to individuals
without low back pain [95]. Synthesizing findings from pre-
vious and current work reveals the vitally important direc-
tion of future research in examining how body mass, CP, and
asymmetrical movement of the rider influence the horse.

The current study identified a relationship between body
mass and reporting chronic lower leg pain. While low-
er-extremity pain is not commonly reported in equestrian
literature, show jumpers reported experiencing pain most
frequently in the back (62%), knee (47%), and ankle (36%)
[38]. While our survey design precluded joint-specific and
discipline-specific comparisons, previous research supports
that different disciplines and riding styles (i.e., rising versus
sitting trot) impose distinct biomechanical demands on the
lower extremities and spine [13,28,38,47,96,97]. Based on the
literature, the mechanical demands of different riding styles

may help explain the observed association between body
mass and lower-extremity pain and inform targeted preven-
tion strategies. Therefore, future research should examine
joint-specific CP across equestrian disciplines.

While the sample collected in this study included a substan-
tially higher proportion of female than male participants, it
is broadly representative of the national American eques-
trian population [55,98,99]. Current literature in the gen-
eral population reveals that females are disproportionately
impacted by CP compared to males [33,100]. Specifically,
higher rates of chronic low back pain and chronic neck pain
are observed in females [33,100,101]. Within the equestrian
population, a recent systematic review reveals inconsistent
findings regarding sex differences in relation to back pain
[26]. One study evaluating amateur equestrians reported
that females are at a higher risk of reporting low back pain
compared to males [55]. In contrast, two studies of Italian
and Portuguese equestrians found no association between
sex and low back pain [26,53]. In the current study, sex was
associated with chronic back pain and general CP. However,
these findings should be interpreted with caution, given
the substantial imbalance in sex distribution, which limits
variability, reduces statistical power to detect differences in
males, and may result in unstable estimates.

Female equestrians reporting higher rates of experiencing
chronic back pain may reflect a combination of anatomical,
physiological, and psychological factors, although these in-
terpretations remain speculative. For example, females have
a higher prevalence of scoliosis in the general population,
which may influence spinal alignment during riding [102].
Non-neutral spinal alignment resulting from scoliosis or
anterior pelvic tilt in the saddle could plausibly affect force
attenuation and increase susceptibility to persistent pain.
Psychological factors, such as depression and anxiety, are
associated with chronic low back pain in the general popu-
lation [103,104]. Rates of anxiety and depression are higher
in females, which may contribute to the sex differences ob-
served in the current study [105]. However, these variables
were not assessed in the current study, and their role in
equestrian populations is unclear. While equestrian activity
has been associated with mental health benefits [14,15,18,19],
future studies should evaluate how both psychological risk
factors and potential protective effects of riding interact to
influence CP within this population.

Older age is often associated with increased risk of experi-
encing CP, due to joint deterioration, muscle weakening, and
reduced engagement in physical activity [33]. In the current
sample, older age was not consistently associated with a high-
er likelihood of reporting general or regional CP. Prior work
indicates that aging equestrians maintain or exceed age-
matched normative grip strength, suggesting that continued
engagement in horse-related activities may support mus-
culoskeletal function across the lifespan [16]. Maintaining
grip strength in older adults is linked to better quality of life,
greater independence in daily activities, and reduced risk of
disability [106-108]. Collectively, these findings suggest that
continued equestrian participation may support musculo-
skeletal health. However, aging and its relationship with re-
porting CP remain unclear based on the current findings, and
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future work should focus on longitudinal health implications
and benefits of engaging in equestrian activities.

The literature examining age and CP in equestrians remains
inconsistent, in part due to variability in how acute and
chronic pain are defined and measured [26]. Few studies use
a formal definition of CP, defined as pain present for more
than half of the days in the past three months, to determine
the presence of CP [29]. One study that used this definition
also examined the number of episodes of low back pain
across multiple time frames (e.g., past 1 month, 3 months, 6
months, 1 year, and lifetime) and reported conflicting find-
ings [53]. Younger age was associated with lifetime and one-
year incidence of low back pain, but not with chronic low
back pain within the same cohort [53]. Another study report-
ed higher pain intensity ratings among equestrians aged
18-35 years compared with those over the age of 36, although
this difference was not statistically significant [37].

Contrary to previous findings, one study identified old-
er age as a risk factor for low back pain-related disability
among riders who had experienced low back pain in the past
12 months [54]. However, the effect size was modest, with a
10-year increase in age corresponding to only a 1-point in-
crease on the Roland-Morris Disability Questionnaire. The
small magnitude of this effect and the complexity of the ana-
lytical model make direct comparison with the current study
difficult. Notably, the same study found no significant asso-
ciation between age and the likelihood of reporting low back
pain in the past 12 months [54]. Additional studies fail to clar-
ify this relationship, as they report limited or no consistent
associations between age and back pain outcomes, includ-
ing prevalence, pain intensity, and disability [109]. Given the
modest model discrimination observed in the current study,
age-related findings should be interpreted with caution, as
these models do not fully capture the factors influencing the
reporting of CP. As current literature remains inconclusive,
future research should explore age-related participation fac-
tors, including participation level and workload, which may
provide clearer insight than aging itself.

4.1. Limitations

The current study relies on self-reported CP status rather
than requiring a formal diagnosis from a healthcare provid-
er. Additionally, participants were not provided with a stan-
dardized definition of CP or asked to describe their pain (i.e.,
pain rating intensity, interference with daily activities, etc.).
These limitations could result in participants reporting CP
without meeting diagnostic criteria, whereas others who met
criteria may not have identified themselves as having CP.
Furthermore, insight into the pain experience of American
equestrians cannot be inferred from the information gath-
ered in the current study. Since anatomical selections provid-
ed were based on regions rather than joints, participants may
have experienced confusion when choosing which region to
select for joint pain. For example, it may have been unclear to
participants whether to select either the pelvis or the upper
leg region, or both regions, when experiencing chronic hip
pain. These factors limit the generalizability of the current
study. Regardless, the current study provides valuable data on

the relationship between body mass and CP in equestrians,
especially in a group with a large recreational proportion.

While the dataset comes from a convenience sample collect-
ed online, the sample's demographics aligned with those
reported in the last American Horse Council report [110].
With consideration of the alignment in demographics and
the current study having a distribution across the adult lifes-
pan and from all regions of the US, including Hawaii and
Alaska, it provides meaningful information and highlights
areas for future research. Due to participants being able to
self-select multiple disciplines, we were unable to determine
discipline-specific relationships, which limits the insights
available into reporting differences between disciplines.
This limitation may have minimal impact as equestrians of-
ten shift between disciplines throughout their lifespan.

4.2. Future Research

The current study highlights areas for future research to fur-
ther evaluate risk and protective factors for experiencing CP
in equestrians, especially within the American equestrian
population. Future studies should focus on evaluating the
body mass of equestrians regarding CP development and
persistence, and how the combination of body mass and CP
might impact rider movement asymmetry and thereby neg-
atively impact horse welfare. Considering the current study
adds to contradictory findings regarding demographic risk
factors and reporting CP, future research should utilize stan-
dardized definitions of pain, clearly define recall periods,
distinguish between recurring episodes of pain versus the
presence of CP, and use multidimensional pain question-
naires. A greater focus on modifiable factors associated with
the development and maintenance of CP in future research
is likely to facilitate implementable strategies to address the
high prevalence of CP within the equestrian population.

5. Conclusion

The findings of the current study provide a new perspective
on CP risk factors regarding demographics in equestrians
by evaluating a large nationwide sample, including all levels
of equestrian participants. American equestrians reported a
lower prevalence of chronic back pain than some European
samples. The current study reports that higher body mass
categories (>91 kg) were associated with greater odds of re-
porting general and region-specific CP (back and lower leg).
These findings suggest a potential threshold effect; however,
this should be interpreted as a preliminary association that
requires confirmation in studies using continuous measures
of body mass, rather than categorical data. Additionally, given
the cross-sectional design and modest model discrimination,
these associations should not be interpreted as strong or in-
dependent predictors. Engagement in equestrian activities
across the lifespan may be associated with improved muscu-
loskeletal health in older adults; however, its relationship with
CP cannot be determined from the current data. Our study's
findings represent preliminary associations of potential risk
factors related to reporting CP rather than causal relation-
ships. Additional research is needed to confirm our findings,
particularly using longitudinal designs and continuous vari-
ables to elicit more detailed relationships. In addition, future
research should focus on evaluating the relationships be-
tween body mass, CP, and movement patterns in equestrians
and how these factors influence horse movement and welfare.
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