
e5815

​ORIGINAL ARTICLE

Austral J Vet Sci 58, e5815 (2026) 

https://doi.org/10.4206/ajvs.58.15

Estimation of hip dysplasia heritability using a Bayesian animal model 
in Rottweiler and Golden Retriever dogs registered in the Kennel 
Club of Perú (2014-2024)
María José Pastor-Talavera1 and Jorge Luis Vilela-Velarde1*

1Facultad de Medicina Veterinaria y Zootecnia, Universidad Científica del Sur, Lima, Perú.

*Corresponding author 
jvilela@cientifica.edu.pe 
Received: 01.05.2026 
Accepted: 14.09.2026 
Published: 01.10.2026

ABSTRACT. Canine hip dysplasia (CHD) is a prevalent hereditary orthopedic disorder in which phenotypic selection 
often fails to identify silent genetic carriers, leading to stagnant genetic trends. This study aimed to obtain heritability 
estimates (h2) of CHD in Rottweiler and Golden Retriever populations in Peru to evaluate the potential for genetic 
improvement within the national registry. A Bayesian threshold animal model was applied to the pedigree and radio-
graphic records of 383 dogs (146 Rottweilers and 237 Golden Retrievers) evaluated between 2014 and 2024 by the 
Kennel Club del Perú. The h2 (mean ± standard deviation) for CHD status (binary trait) was 0.60 ± 0.15 for Rottweilers 
and 0.65±0.14 for Golden Retrievers. These high h2 values indicate that a substantial proportion of phenotypic varia-
tion is driven by additive genetic effects, exceeding estimates reported in several international populations. However, 
whether the observed lack of phenotypic progress reflects limitations of mass selection or other factors remains to be 
determined through formal genetic trend analyses. Future studies should evaluate whether implementing selection 
programs based on estimated breeding values could accelerate the reduction in CHD prevalence and improve the 
long-term welfare of these breeds in Peru.
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INTRODUCTION

Canine hip dysplasia (CHD) is one of the most prevalent 
hereditary orthopedic disorders affecting medium- and 
large-bre​ed dogs worldwide (Pinto Coelho Ribeiro Jardim 
et al., 2025; Jacobsen et al., 2024). The disease is character-
ized by joint laxity and incongruence between the femo-
ral head and the acetabulum during skeletal development, 
which may lead to progressive osteoarthritis, chronic pain, 
and impaired mobility. The etiology of CHD is complex and 
multifactorial, involving the interaction between environ-
mental factors such as growth rate, nutrition, and physical 
activity and a polygenic background that contributes to 
susceptibility to the disorder (Santana et al., 2021; Mikkola 
et al., 2021). It is well established that CHD is a polygen-
ic condition; therefore, the implementation of structured 
breeding programs aimed at reducing its incidence can be 
beneficial, as addressing only environmental factors may 
not be sufficient to control the disease (Binversie et al., 
2022; Lewis et al., 2013; Jacobsen et al., 2024).

Due to its high prevalence and the limited effective-
ness of therapeutic interventions, genetic selection has 
been considered the most effective long-term strategy 
to reduce CHD occurrence and improve canine welfare 
(Lewis et al., 2013). Breeding decisions have traditionally 
been based on phenotypic evaluation through radiograph-
ic screening systems, such as the classification established 
by the Fédération Cynologique Internationale (FCI, 2022). 
However, selection based solely on phenotypic character-

istics may result in slow genetic progress because the phe-
notype observed reflects both genetic and environmental 
influences, which can obscure an individual’s breeding val-
ue (Soo & Worth, 2015; Lewis et al., 2013). While current 
diagnostic and treatment approaches primarily focus on 
managing the disease in individual animals, genetic eval-
uation and population-based analyses seek to address the 
problem at the population level, offering a more sustain-
able strategy for reducing the prevalence of CHD in future 
generations (Lucaci et al., 2021; Soo & Worth, 2015).

Recent advances in quantitative genetics emphasize the 
importance of estimating genetic parameters such as heri-
tability in order to optimize breeding strategies. Heritabil-
ity and genetic variation of a trait provide essential infor-
mation for breeding programs as the response to selection 
is directly proportional to the heritability when selection 
is based on individual phenotypic values (Strandberg et al., 
2023). Studies using pedigree-based genetic evaluations 
have shown that genetic parameter estimates for CHD may 
vary across breeds, populations, countries, scoring systems, 
and statistical models, limiting the direct extrapolation of 
results between populations (Wang et al., 2020).

In Peru, despite the existence of pedigree records and 
radiographic evaluations in purebred dogs, there is lim-
ited information regarding the genetic parameters asso-
ciated with CHD. Although CHD is recognized as a de-
velopmental and heritable condition and family history 
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is already considered a risk factor in screening programs, 
population-specific estimates of genetic parameters rele-
vant for breeding programs remain limited, highlighting 
the need for further studies in this field (Jacobsen et al., 
2024). Rottweilers and Golden Retrievers are among the 
breeds reported to be affected by CHD (Binversie et al., 
2022). Therefore, the aim of this study was to estimate 
the heritability of CHD in Rottweiler and Golden Retriever 
dogs registered in the Kennel Club del Perú (KCP) between 
2014 and 2024. We hypothesized that CHD in Peruvian 
Rottweilers and Golden Retrievers exhibits moderate to 
high heritability, or a detectable additive genetic signal, 
supporting the future development of estimated breeding 
value (EBV)-based genetic evaluation within the national 
registry. 

MATERIALS AND METHODS 

Data source and phenotypic classification

Pedigree and CHD scoring records covering the period 
from 2014 to 2024 (year of radiographic evaluation) were 
provided by the KCP. The database included information 
on breed, sex, age at evaluation, and hip score according 
to the FCI grading system of Rottweilers (n = 146) and 
Golden Retrievers (n = 237). The official dog-level FCI 
grade recorded by KCP was used as the phenotype for 
all analyses. According to the KCP protocol, when both 
hips were evaluated, the final grade corresponded to the 
more severely affected hip. For example, if the left hip 
was graded B and the right hip was graded C, the dog 
was assigned grade C. This conservative approach ensures 
that the phenotype reflects the worst hip conformation 
observed, which is relevant for breeding decisions aimed 
at eliminating dysplasia. The dataset included 131 and 84 
sires and 185 and 178 dams for Rottweilers and Golden Re-
trievers, respectively, with age at evaluation ranging from 
7 to 83 months (median: 27 months; first quartile – third 
quartile: 21–40) for Golden Retrievers and from 10 to 91 
months (median: 25 months; first quartile – third quartile: 
20–33) for Rottweilers. Hip scores were categorized into 
five ordinal levels: A (0 = negative), B (1 = unilateral with-
out bony deformation), C (2 = bilateral with or without 
mild bony deformation), D (3 = bilateral with moderate 
bony deformation), and E (4 = bilateral with severe bony 
deformation). For binary analysis, dogs scored A were clas-
sified as non-dysplastic (negative), while those with scores 
B through E were considered dysplastic.

Estimation of variance components and heritability

A Bayesian threshold model approach was employed 
to estimate variance components and heritability for hip 
dysplasia using a univariate animal model. Separate univar-
iate Bayesian threshold animal models were fitted for each 
breed and trait definition. Two trait definitions were ana-
lyzed: (1) a binary trait (presence/absence of dysplasia) and 

(2) an ordinal categorical trait with five ordered categories 
corresponding to the FCI grades (FCI, 2022). For the bi-
nary trait definition, the sequential justification for the di-
chotomization was as follows. First, the FCI scoring system 
classifies hip joints into five grades (A through E), where 
grade A represents excellent hip conformation without 
any signs of dysplasia, and grades B through E represent 
varying degrees of hip dysplasia, ranging from mild (grade 
B) to severe (grade E). Second, from a genetic and clinical 
perspective, even mild forms of hip dysplasia (grades B and 
C) have a heritable component and can progress to os-
teoarthritis over time, making them relevant for breeding 
selection decisions. Therefore, the cut-off point was es-
tablished between grades A and B: animals with FCI grade 
A were classified as phenotypically unaffected (coded as 
0), while those with grades B, C, D, or E were classified as 
affected (coded as 1). This threshold ensures that all de-
grees of dysplasia, including mild forms, are captured in 
the binary analysis, maximizing the genetic variation avail-
able for estimation and aligning with breeding goals aimed 
at complete elimination of the condition.

For each individual, an unobserved latent liability l was 
modeled as

 
where b denotes fixed effects, a the additive genetic ani-
mal effects, and e the residual effects. The observed binary 
or ordinal CHD phenotype was linked to the latent liability 
through threshold parameters. Incidence matrices X and Z 
link the fixed and random effects to the observations. Four 
models were evaluated for each breed and trait type. Mod-
el 1: null model (no fixed effects); Model 2: including sex as 
a fixed effect; Model 3: including age as a fixed effect; and 
Model 4: including both sex and age as fixed effects. Age at 
radiographic evaluation was included as a continuous co-
variate (in months). Variance components and heritability 

	   

were estimated using Markov Chain Monte Carlo (MCMC) 
methods via Gibbs sampling. Models were fitted in R 
(version 4.5.2) using the MCMCglmm package (Hadfield, 
2010). Three independent MCMC chains were run for each 
model with different random seeds to assess convergence 
using the Gelman-Rubin diagnostic. For binary trait analy-
sis, a total of 1,200,000 iterations were run, with the first 
200,000 discarded as burn-in, and samples collected every 
100 iterations (thinning interval = 100), resulting in 10,000 
retained samples per chain for posterior inference. For 
ordinal trait analyses, longer chains were required to en-
sure adequate mixing: 3,000,000 iterations were run with 
500,000 discarded as burn-in and a thinning interval of 
1,000, yielding 2,500 retained samples per chain. Burn-in 
and thinning intervals were determined based on visual 
inspection of trace plots and autocorrelation analysis to 
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ensure adequate mixing and independence of samples
Two trait definitions were analyzed, each requiring 

specific prior specifications according to their distribu-
tional assumptions. For the binary trait (affected vs. unaf-
fected), a threshold model with a probit link function was 
fitted using the family = "categorical" option. The resid-
ual variance on the underlying liability scale was fixed at 

, which is a mathematical requirement for 
model identifiability in binary threshold models (Dre-
her et al., 2019; Sorensen et al., 1995). A moderately in-
formative inverse-Wishart prior was specified for the 
additive genetic variance with scale parameter V = 1 and 
degrees of freedom ν = 5. This specification provides 
sufficient regularization to ensure model convergence 
while allowing the data to substantially influence the 
posterior estimates (Hadfield, 2010). Heritability on the 
liability scale was calculated for each MCMC iteration as 

	  

and posterior means and credible intervals were derived 
from the resulting distribution of h² values across all re-
tained samples. Heritability on the liability scale was calcu-
lated for each retained MCMC iteration, and the posterior 
means and 95% credible intervals reported in the tables 
were then derived from this distribution of h2 values. It 
is important to note that because this transformation is 
non-linear, the posterior mean of h2 is not equal to the 
formula applied to the posterior mean of (a consequence 
of Jensen’s inequality). This is a standard property of 
Bayesian inference and does not indicate any inconsistency 
between the reported variance components and heritabil-
ity estimates. 

For the ordinal trait, a threshold model was fitted using 
the family = "ordinal" option. A moderately informative in-
verse-Wishart prior was specified for the additive genetic 
variance with V = 1 and ν = 10, consistent with the binary 
trait specification but providing additional regularization 
appropriate for the ordinal structure. The residual vari-
ance was not fixed, as the ordinal threshold model in MC-
MCglmm estimates this parameter internally alongside the 
threshold cut-points (Hadfield, 2010). Heritability on the 
liability scale was calculated for each MCMC iteration as 

	  

using the same formula as for the binary trait, since the 
residual variance on the underlying probit liability scale 
equals 1 for both model formulations (Sorensen et al., 
1995; Dreher et al., 2019). To assess the influence of prior 
specification on posterior estimates, a sensitivity analysis 
was conducted using alternative priors with ν = 2, ν = 10, 
and ν = 1000 for binary traits, and ν = 5, ν = 20, and ν = 
50 for ordinal traits. Posterior heritability estimates were 
compared across prior specifications to evaluate robust-
ness. Initial trials with more extreme specifications (ν = 

0.002 and ν = 100) were also explored but yielded poor 
convergence diagnostics and were therefore excluded 
from the final analysis.

Convergence and mixing were assessed for all main pa-
rameters, including additive genetic variance, heritability, 
fixed effects (sex and age), threshold parameters (for the 
ordinal model), and deviance, using multiple diagnostic 
criteria. Visual inspection of trace plots from the three 
independent chains was performed to assess mixing and 
stationarity. The potential scale reduction factor (Gel-
man-Rubin diagnostic, R̂) was calculated for all variance 
components, with values < 1.05 indicating adequate con-
vergence between chains. In addition, autocorrelation at 
lag 10 was analyzed for both breeds and trait definitions, 
with values below 0.20 indicating minimal dependence 
between retained samples and adequate chain mixing. To 
confirm that the posterior distributions were based on a 
sufficient number of effectively independent samples, the 
effective sample size (ESS) was calculated, with values ex-
ceeding 100 considered optimal, for all variance compo-
nents across all models. 

Posterior means, standard deviations, and 95% highest 
posterior density (HPD) credible intervals were calculated 
for all parameters from the combined posterior samples 
across the three chains. Candidate models were compared 
using the Deviance Information Criterion (DIC), interpret-
ed as a criterion balancing model fit and effective com-
plexity. Models with lower DIC were preferred, and ΔDIC 
was reported to evaluate the strength of model support 
(Spiegelhalter et al., 2002). Following the guidelines pro-
posed by Spiegelhalter et al. (2002), differences greater 
than 7 units indicate strong evidence in favor of the model 
with the lower DIC, differences between 3 and 7 units rep-
resent moderate evidence, and differences below 3 units 
suggest that the models are essentially equivalent in terms 
of fit. When competing models had ΔDIC < 3, the princi-
ple of parsimony was applied to select the simpler model.

The complete MCMCglmm model calls, including all 
fixed and random effect specifications, residual structures, 
family distributions, prior specifications, and MCMC pa-
rameters, are provided in Supplementary Material to en-
sure full reproducibility of the analyses. Prior sensitivity 
analysis, autocorrelations, and traces are also shown.

RESULTS

Pedigree structure and completeness

The pedigrees comprised 1,919 Golden Retrievers (84 
sires, 178 dams) and 1,781 Rottweilers (131 sires, 185 dams). 
Pedigree completeness was 95.21% and 88.10%, respec-
tively, with 92 and 212 founders across eight and four 
generations. The mean inbreeding coefficient was < 2% 
in both breeds. These characteristics indicate adequate 
pedigree connectivity for reliable Bayesian estimation of 
genetic parameters (Table 1).
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MCMC convergence diagnostics

Convergence was evaluated using three independent 
MCMC chains for each model to ensure a robust assess-
ment. Visual inspection of the trace plots indicated stable 
mixing for the additive genetic variance and heritability, 
with no apparent trends or multimodality. To quantify 
convergence between chains, the potential scale reduction 
factor (R̂) was calculated. All selected models yielded R̂ 
values below 1.05, confirming that the chains explored the 
same parameter space. Autocorrelation decayed rapidly 
across all parameters. By retaining samples at intervals of 
100 iterations for the binary models and 1,000 iterations 

Table 1. 
Pedigree structure of Rottweiler and Golden Retriever populations registered in the Kennel Club del Perú (2014–2024).

Parameter Rottweiler Golden Retriever

Total animals 1,781 1,919

Unique sires 131 84

Unique dams 185 178

Animals with unknown sex 1,465 1,657

Founders (≥ 1 unknown parent) 212 92

Animals with both parents known (%) 1,569 (88.10%) 1,827 (95.21%)

Number of generations 4 8

Mean inbreeding coefficient 0.0106 0.0175

Range of inbreeding coefficients 0 to 0.25 0 to 0.3125

Table 2. 
Distribution of Fédération Cynologique Internationale (FCI) hip dysplasia grades in Rottweiler and Golden Retriever dogs 
evaluated in Peru.

Dysplasia gradea Rottweiler [n (%)] Golder Retriever [n (%)]

Grade A 109 (74.7) 150 (63.3)

Grade B 23 (15.8) 54 (22.8)

Grade C 10 (6.8) 21 (8.9)

Grade D 4 (2.7) 10 (4.2)

Grade E 0 (0.0) 2 (0.8) b

Total 146 237

Note. Hip score: A (0 = Negative), B (1 = Unilateral without bony deformation), C (2 = Bilateral with/without mild bony 
deformation), D (3 = Bilateral with moderate bony deformation), E (4 = Bilateral with severe bony deformation).
a Fédération Cynologique Internationale (FCI) grades.
b For the Golden Retriever breed, the observations with grade E were combined with grade D.

for the ordinal models, we minimised the dependence be-
tween successive draws. As a result, the ESS exceeded 100 
for all variance components in every model and reached 
over 1,000 for the ordinal analyses. These results collec-
tively indicate that the MCMC chains converged reliably 
and that the posterior estimates of heritability and vari-
ance components are reproducible.

Population description, model selection and heritabil-
ity estimates

In Rottweilers, 109 dogs were graded A, 23 B, 10 C, and 
4 D, with no dogs graded E. In Golden Retrievers, 150 dogs 
were graded A, 54 B, 21 C, 10 D, and 2 E. Binary affected 
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Table 4.  
Posterior means and standard deviation of variance components and heritability of hip dysplasia in Golden Retriever in 
Peru.

Parameter Model 1 Model 2 Model 3 Model 4

Binary traits

Additive variance ( )
2.1555 (1.9334) 

(0.3025 - 5.4246)
2.3535 (2.3589) 

(0.2721 - 6.1060)
2.5413 (2.3706) 

(0.2988 - 6.5553)
3.3574 (4.8429) 
(0.3153 - 9.1118)

Heritability (h2 )
0.6148 (0.1429) 
(0.3412- 0.8796)

0.6268 (0.1454) 
(0.3488 - 0.8902)

0.6449 (0.1435) 
(0.3683 - 0.9053)

0.6773 (0.1456) 
(0.3914- 0.9405)

DIC 299.97 299.12 298.03* 296.64

Ordinal traits

Additive variance ( )
1.3103 (0.7192) 

(0.4194 - 5.7634)
1.3708 (0.7949) 

(0.4177 - 2.8010)
1.5609 (1.3621) 

(0.4688 - 3.1658)
1.6515 (1.0479) 

(0.4223 - 3.5452)

Heritability (h2 )
0.5379 (0.1059) 

(0.3468 - 0.7519)
0.5455 (0.1096) 

(0.3363 -  0.7540)
0.5720 (0.1107) 

(0.3597 - 0.7827)
0.5843 (0.1132) 

(0.3665 - 0.8022)

DIC 416.51 414.99 404.16* 404.42

DIC: Deviance Information Criterion. SD and 95% credible intervals are shown in parentheses. Model 1: no effect, Model 
2: sex, Model 3: age, Model 4: sex + age. Heritability was calculated for each individual MCMC iteration, and the poste-
rior mean and 95% credible intervals were derived from the resulting distribution. Due to the non-linear nature of this 
transformation, the posterior mean of h2 does not equal the formula applied to the posterior mean of additive variance 
(Jensen’s inequality).
* The best model, smallest DIC

Table 3.  
Posterior means and standard deviation of variance components and heritability of hip dysplasia in Rottweiler in Peru.

Parameter Model 1 Model 2 Model 3 Model 4

Binary traits

Additive variance ( )
1.8123 (1.6471) 

(0.2658 - 4.6978)
2.099 (3.1241) 

(0.2654 - 5.4181)
2.0892 (2.0537) 
(0.2719 - 5.6131)

2.6737 (8.3067) 
(0.2350 - 6.8519)

Heritability (h2 ) 0.5743 (0.1486) 
(0.2954 - 0.8525)

0.5854 (0.1536) 
(0.3050 - 0.8822)

0.5978 (0.1529) 
(0.3162 - 0.8837)

0.6016 (0.1610) 
(0.3129 - 0.9143)

DIC 160.16 160.16 157.59* 157.6

Ordinal traits

Additive variance  ( )
1.6730 (1.0577) 

(0.4066 - 3.6418)
1.7255 (1.1974) 

(0.4333 - 3.8149)
1.8158 (1.2775) 

(0.3797 - 4.1256)
1.9093 (1.6043) 

(0.4280 - 4.3480)

Heritability (h2 ) 0.5856 (0.1162) 
(0.3634 - 0.8059)

0.5880 (0.1206) 
(0.3634 - 0.8059)

0.5983 (0.1204) 
(0.3691 - 0.8332)

0.6044 (0.1223) 
(0.3760 - 0.8469)

DIC 197.71 197.93 193.48 151.80*

DIC: Deviance Information Criterion. SD and 95% credible intervals are shown in parentheses. Model 1: no effect, Model 
2: sex, Model 3: age, Model 4: sex + age. Heritability was calculated for each individual MCMC iteration, and the poste-
rior mean and 95% credible intervals were derived from the resulting distribution. Due to the non-linear nature of this 
transformation, the posterior mean of h2 does not equal the formula applied to the posterior mean of additive variance 
(Jensen’s inequality).
* The best model, smallest DIC
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status was then defined according to the analytical thresh-
old described in the Methods (Table 2). Using the strict 
A versus B–E threshold, the affected status was 25.3% in 
Rottweilers and 36.7% in Golden Retrievers. 

Heritability Estimates Posterior means of heritability 
and additive genetic variance ( ) are presented for 
both binary and ordinal analyses across the four models 
tested for both breeds (Tables 3 and 4). 

For Rottweilers, under the binary model, DIC values 
progressively decreased from Model 1 and Model 2 (DIC 
= 160.16) to Model 3 (DIC = 157.59) and Model 4 (DIC = 
157.60), with Model 3 providing the best fit (Table 3). How-
ever, the difference between Model 3 and Model 4 was 
only 0.01 units, indicating that the inclusion of sex in ad-
dition to age provided only a marginal improvement in 
model fit. For the ordinal trait, Model 4 yielded the lowest 
DIC (151.80), outperforming Model 3 by 41.68 units, which 
represents strong evidence in favor of the complete mod-
el. This suggests that for the ordinal trait in Rottweilers, 
both sex and age explain a relevant portion of the pheno-
typic variation. Consequently, heritability estimates from 
Model 3 (h2 = 0.598, binary) and Model 4 (h2 = 0.604, ordi-
nal) were selected as the most appropriate for Rottweilers.

Similar trends were observed in Golden Retrievers (Ta-
ble 4). In the binary analysis, DIC decreased progressively 
from Model 1 (DIC = 299.97) to Model 4 (DIC = 296.64), 
with Model 4 providing the best fit. The difference be-
tween Model 3 (DIC = 298.03) and Model 4 was 1.39 units, 
indicating weak evidence and suggesting that both models 
are essentially equivalent. Similarly, in the ordinal analy-
sis, Model 3 (DIC = 404.16) outperformed Model 4 (DIC 
= 404.42) by only 0.26 units. Because grade E was rare 
in Golden Retrievers, grades D and E were combined 
for ordinal analysis, as described in the Methods section. 
These results indicate that both sex and age contribute 
to explaining phenotypic variation in CHD among Golden 
Retrievers. However, Model 3 (age only) was selected for 
both trait definitions based on the principle of parsimony. 
For the binary trait, Models 3 and 4 showed essentially 
equivalent fit (ΔDIC = 1.39), whereas for the ordinal trait, 
Model 3 yielded the lowest DIC with a negligible difference 
from Model 4 (ΔDIC = 0.26). Model 3 also demonstrated 
superior convergence diagnostics, with R-hat values closer 
to 1.0, lower autocorrelation at lag 10, and higher effective 
sample sizes compared to Model 4. Accordingly, the her-
itability estimates from Model 3 (h2 = 0.645, binary; h2 = 
0.572, ordinal) were selected as the most appropriate for 
this breed, although the credible intervals remained wide.

Across both breeds, adding fixed effects generally im-
proved the model fit over the null model, as shown by 
the lower DIC values (Supplementary Material). However, 
this improvement often levelled off when both sex and 
age were included together. Contrary to initial expec-
tations, ordinal models did not consistently yield higher 
heritability estimates than binary models; the estimates 
were broadly comparable, with the binary trait producing 

slightly higher posterior means in Golden Retrievers. Ulti-
mately, while models incorporating age and/or sex consis-
tently outperformed the intercept-only model, the most 
complex specification did not always provide a meaningful 
advantage over simpler alternatives. Consequently, the 
principle of parsimony, supported by robust convergence 
diagnostics, guided the final model selection across the 
different breed–trait combinations.

DISCUSSION

This study estimated breed-specific heritability for bi-
nary CHD status and ordinal FCI grade on the latent lia-
bility scale using Bayesian threshold animal models. The h2 
for the binary trait (status) were 0.5978 ± 0.1529 for Rott-
weilers (Table 3) and 0.6449 ± 0.1435 for Golden Retrievers 
(Table 4), based on the best-supported model. Although 
the posterior mean estimates suggest moderate-to-high 
heritability, the relatively large posterior standard devi-
ations, particularly for Rottweilers, indicate substantial 
uncertainty and should be considered when interpreting 
these estimates. Additionally, these heritability values are 
considerably higher than those reported in other interna-
tional populations, which typically range from 0.11 to 0.45 
(Babá et al., 2019; Jardim, 2023; Mäki et al., 2002). These 
posterior means suggest that additive genetic effects may 
explain a moderate-to-high proportion of variation in la-
tent CHD liability in the analyzed populations. Additionally, 
the posterior mean of additive genetic variance increased 
when fixed effects were accounted for, reflecting a more 
accurate partitioning of the total phenotypic variance into 
its genetic and environmental components. This high ge-
netic variance indicates that genetic improvement may 
be feasible, although the expected response to selection 
would require additional evaluation of the EBV accura-
cy, selection intensity, and genetic trends. (Alsada, 2023). 
These findings are consistent with a detectable additive 
genetic component, while still allowing for environmen-
tal and other sources of variation (Binversie et al., 2022). 
Differences in h2 across studies may also reflect variations 
in population structure, selection intensity, management 
practices, or other population-specific factors. Whether 
the comparatively higher estimates observed in the pres-
ent study are related to these factors remains to be investi-
gated. Importantly, while these high heritability estimates 
indicate strong potential for rapid genetic gain, they do 
not imply that Peruvian populations will achieve phenotyp-
ic outcomes superior to those of other countries. Rather, 
implementing structured breeding programs could enable 
these populations to reach the same phenotypic levels as 
populations in countries with established CHD reduction 
programs, potentially in a shorter timeframe due to the 
greater available additive genetic variance.

The choice of a Bayesian threshold model was particu-
larly appropriate for these data. As noted in similar studies 
(Babá et al., 2019; Stock et al., 2011), CHD scores are cate-
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gorical and do not follow a normal distribution. Because 
CHD scores are categorical or ordinal, threshold models 
are more appropriate than Gaussian linear models for 
representing an underlying liability. The threshold mod-
el assumes an underlying continuous liability scale, which 
better represents the polygenic nature of CHD. Model se-
lection was based on the DIC, which balances model good-
ness-of-fit against model complexity, with lower values in-
dicating a better-fitting model (Spiegelhalter et al., 2002). 
A summary of the DIC differences between the competing 
models for heritability estimation is shown in Table 5. To 
interpret the magnitude of the DIC differences between 
competing models, we followed the guidelines proposed 
by Spiegelhalter et al. (2002), where differences > 7 units 
indicate strong evidence in favor of the model with the 
lower DIC, differences between 3–7 units represent mod-
erate evidence, and differences < 3 units suggest that the 
models are essentially equivalent in terms of fit. Among 
the evaluated models, Model 3 (age) was selected as the 
best-fitting model for the binary trait in both breeds and 
the ordinal trait in Golden Retrievers. For the ordinal trait 
in Rottweilers, Model 4 (sex + age) provided the best fit, 
suggesting that the inclusion of sex and age better explains 
the ordered severity of CHD in this breed. The Bayesian 
framework is a strength of the present study because it 
incorporates prior distributions and pedigree information 
when estimating variance components. Nevertheless, the 
resulting estimates may still be sensitive to the choice of 
priors and the degree of pedigree connectedness. These 
findings suggest the possibility that the Peruvian breed-
ing population for these breeds may harbor considerable 
additive genetic variance that has not yet been fully ex-
ploited through current breeding practices, although this 
interpretation remains hypothetical and would require 
further validation through the estimation of EBVs, selec-
tion response, and formal genetic trend analyses.

Despite this high heritability, preliminary observations 
of phenotypic prevalence in the KCP registry suggest that 
the proportion of dogs diagnosed with CHD has not sub-
stantially decreased between 2014 and 2024. However, 
formal genetic trend analyses based on estimated breed-
ing values were not conducted in this study, and therefore, 

whether actual genetic progress has occurred over time 
remains to be determined. In Peru, breeding decisions 
have traditionally relied primarily on individual phenotypic 
radiographic scores, whereas the use of genetic evaluation 
methods that incorporate pedigree relationships or esti-
mated breeding values (EBVs) remains limited. In general, 
selection based solely on individual phenotypes may be 
less accurate than selection based on EBVs because EBVs 
incorporate information from relatives and pedigree re-
lationships (Soo & Worth, 2015). Selection based only on 
individual phenotypic measurements generally results in 
slower genetic improvement when compared with strat-
egies that incorporate familial information, since hip con-
formation scores are strongly correlated with those of 
parents, grandparents, and siblings (Bell, 2018). 

The high h² estimates obtained in this study suggest 
that substantial additive genetic variation exists within 
the analyzed populations. However, phenotypic selection 
alone may be insufficient because individual radiograph-
ic scores cannot fully capture underlying genetic merit. 
Phenotypically normal dogs may still have unfavorable 
breeding values because individual radiographic scores are 
imperfect predictors of transmissible additive genetic risk 
(Woody, 2025). As argued by Wang et al. (2020), dogs with 
normal radiographic scores may still have unfavorable EBVs 
and contribute additive genetic risk to the next genera-
tion, highlighting a limitation of selection strategies based 
solely on pass–fail radiographic screening. This illustrates 
that for polygenic traits, selection based only on observed 
phenotype may be less accurate than selection based on 
estimated breeding values.

Furthermore, the reliance on the FCI grading system 
as a binary model used in this study (comparing Grade A 
vs. Grades B-E) provides a practical threshold for breed-
ers. This threshold ensures that all degrees of dysplasia, 
including mild forms, are captured in the binary analysis, 
maximizing the genetic variation available for estimation 
and aligning with breeding goals aimed at the complete 
elimination of the condition. Although collapsing ordinal 
categories into a binary trait may reduce phenotypic reso-
lution, this approach is commonly used in genetic studies 
of CHD because it reflects the practical pass-fail criteria 

Table 5. 
Summary of DIC differences between competing models for heritability estimation of canine hip dysplasia.

Breed Trait Best Model DIC Alternative 
Model DIC ΔDIC Evidence 

strength

Rottweiler
Binary Model 3 (age) 157.59 Model 4 (sex + 

age) 157.60 0.01 Weak

Ordinal Model 4 (sex + 
age) 151.80 Model 3 (age) 193.48 41.68 Strong

Golden Re-
triever

Binary Model 3 (age) 298.03 Model 4 (sex + 
age) 296.64 1.39 Weak

Ordinal Model 3 (age) 404.16 Model 4 (sex + 
age) 404.42 0.26 Weak

ΔDIC = difference in DIC between the best model and the second-best model. Evidence strength interpreted following 
Spiegelhalter et al. (2002): < 3 = weak; 3–7 = moderate; > 7 = strong.
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applied in many breeding programs. Similar binary classi-
fication approaches have been employed in other studies, 
in which grade A animals are considered unaffected, while 
grades B-E are grouped as affected categories to facilitate 
genetic analyses and selection decisions (Mostafa et al., 
2022). However, the absence of a clear downward trend 
in phenotypic prevalence suggests that the current level of 
selection pressure may remain insufficient, although this 
interpretation should be confirmed through formal genet-
ic trend analyses. 

In some breeding systems, dogs classified as FCI grade 
B are considered clinically normal or near-normal and are 
therefore allowed to reproduce. However, whether grade 
B animals contribute to future CHD risk should be evaluat-
ed through EBVs or longitudinal selection analyses rather 
than inferred from the present variance-component mod-
el (Tomé et al., 2026). Breed-specific differences in hip 
joint morphology and biomechanics may also influence 
radiographic evaluation, as variations in skeletal confor-
mation among breeds can affect the interpretation of the 
parameters used in FCI scoring systems (Pinna et al., 2023). 
Given the substantial additive genetic variation estimated 
in the present study, future studies should estimate annual 
phenotypic and genetic trends to determine whether this 
variation is being translated into a selection response.

These results support the development of EBV-based 
evaluations as a potentially more informative complement 
to individual radiographic scores, as EBVs incorporate in-
formation from relatives and pedigree relationships when 
estimating genetic merit (Lewis et al., 2013). The potential 
benefit of EBVs in the KCP registry should be evaluated by 
estimating EBV accuracy, monitoring genetic trends, and 
assessing breeder uptake (Pinto Coelho Ribeiro Jardim et 
al., 2025). Indeed, breeding programs that have incorpo-
rated EBVs into selection decisions since the 1980s have 
demonstrated substantial reductions in the prevalence of 
hip dysplasia across several dog populations (Thorsrud et 
al., 2025). Recent studies indicate that genomic informa-
tion can further improve selection accuracy in the future, 
but its effective implementation requires larger datasets, 
validated markers, and integration with pedigree-based 
evaluations (Ardicli et al., 2025).

Several limitations should be acknowledged. First, the 
number of animals included in the dataset may have lim-
ited the precision of the h² estimates, particularly because 
analyses were conducted separately for each breed. Previ-
ous genetic studies have shown that the number of avail-
able records can strongly influence the accuracy of heri-
tability estimates, with larger datasets generally providing 
more reliable genetic parameter estimations (Wang et 
al., 2020). The pedigree-based Bayesian animal model al-
lowed relationship information to be incorporated but did 
not eliminate uncertainty due to the limited sample size. 
Second, radiographic evaluations obtained from routine 
screening programs may introduce phenotypic variabili-
ty due to differences in positioning, radiographic quality, 

or evaluator interpretation. Diagnostic techniques based 
on imaging and metric extraction may also be affected by 
human error during probe positioning or interpretation, 
which can increase the risk of misclassification and intro-
duce additional variability into phenotypic assessments 
(Akula et al., 2022). The importance of correct position-
ing during radiographic examination has been highlight-
ed in previous studies, as small deviations in positioning 
may influence the subjective interpretation of hip joint 
conformation and introduce additional variability into 
phenotypic assessments (Franco-Gonçalo et al., 2023). 
Unmodeled measurement error in radiographic scoring 
may have contributed to residual variation and poten-
tial misclassification of the binary or ordinal phenotype. 
Third, a potential limitation of this study is that the binary 
phenotype definition used a strict threshold (grade A vs. 
grades B–E), which may not be directly comparable with 
studies using alternative thresholds such as grades A–B vs. 
C–E. Although we acknowledge that different threshold 
definitions could yield different heritability estimates, the 
A vs B-E threshold was chosen because it aligns with the 
practical breeding goal of eliminating all degrees of dys-
plasia, including mild forms. A formal sensitivity analysis 
comparing multiple binary thresholds was not conducted 
due to the limited sample size, which could have reduced 
statistical power for alternative classifications with few-
er observations per category. Future studies with larger 
datasets should evaluate the robustness of heritability es-
timates across different phenotype definitions. Finally, a 
potential selection bias may exist because dogs submitted 
for evaluation may not fully represent the entire breed-
ing population. Because participation in screening may be 
non-random, both prevalence and variance-component 
estimates may be affected by ascertainment bias. The re-
sults should therefore be interpreted as baseline estimates 
for the evaluated KCP population rather than definitive 
parameters for all breeding dogs in Peru.

The results suggest moderate-to-high heritability for 
CHD status in the evaluated Rottweiler and Golden Re-
triever populations, although the posterior uncertainty 
was substantial. These estimates indicate the presence of 
additive genetic variation that could be relevant for fu-
ture breeding programs. However, the present study did 
not estimate genetic trends, EBV accuracy, or expected 
response to selection; therefore, whether the observed 
lack of phenotypic progress reflects limitations of current 
selection practices, phenotyping methods, breeder com-
pliance, or other factors remains hypothetical. Moreover, 
radiographic screening alone may not fully capture addi-
tive genetic risk, emphasizing the potential value of more 
informative genetic evaluation tools in breeding pro-
grams (Kieler et al., 2024). Future research should evaluate 
whether EBV-based selection could improve the identi-
fication of animals with favorable additive genetic merit, 
and its impact on CHD prevalence should be evaluated 
through formal estimation of EBV accuracy, selection re-
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sponse, and long-term monitoring. While these findings 
suggest the potential for EBV-based genetic evaluation as 
a next step toward improving long-term hip health in reg-
istered Rottweiler and Golden Retriever populations, this 
hypothesis requires validation through dedicated genetic 
trend and selection response studies.
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