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‭Background‬
‭Accelerating‬‭precision‬‭medicine‬‭within‬‭the‬‭learning‬‭healthcare‬‭system‬‭requires‬‭shifting‬‭how‬‭we‬
‭structure,‬‭share,‬‭and‬‭collaboratively‬‭analyze‬‭data‬‭in‬‭clinical‬‭and‬‭translational‬‭science.‬‭Data‬‭from‬
‭veterinary‬ ‭patients‬ ‭provide‬ ‭an‬‭underutilized‬‭resource‬‭for‬‭accelerating‬‭translational‬‭science‬‭and‬
‭precision‬ ‭medicine‬ ‭across‬ ‭species.‬ ‭Because‬ ‭people‬‭and‬‭their‬‭companion‬‭animals‬‭(dogs,‬‭cats,‬
‭and‬‭horses)‬‭coexist‬‭in‬‭the‬‭same‬‭household,‬‭understanding‬‭the‬‭factors‬‭driving‬‭disease‬‭trends‬‭in‬
‭animals‬‭may‬‭help‬‭reveal‬‭shared‬‭risk‬‭factors,‬‭disease‬‭pathways,‬‭and‬‭novel‬‭interventions.‬‭There‬
‭is‬ ‭growing‬ ‭awareness‬ ‭of‬ ‭the‬ ‭relevancy‬ ‭of‬ ‭cross-species‬ ‭data,‬ ‭the‬ ‭importance‬ ‭of‬ ‭the‬
‭human-animal‬‭bond,‬‭and‬‭the‬‭need‬‭for‬‭One‬‭Health‬‭approaches‬‭to‬‭health‬‭problems.‬‭1‬ ‭One‬‭Health‬
‭is‬‭an‬‭integrative‬‭multidisciplinary‬‭effort‬‭focused‬‭on‬‭achieving‬‭optimal‬‭health‬‭for‬‭people,‬‭animals,‬
‭and‬‭their‬‭shared‬‭environments;‬‭studies‬‭showing‬‭the‬‭shared‬‭risk‬‭of‬‭disease,‬‭such‬‭as‬‭diabetes‬‭in‬
‭dog owners and their pets,‬‭2‬ ‭underscore the importance of these efforts.‬

‭Driven‬ ‭by‬ ‭sedentary‬ ‭lifestyles‬ ‭and‬ ‭diet,‬ ‭companion‬ ‭animals,‬ ‭like‬ ‭humans,‬ ‭face‬ ‭an‬ ‭obesity‬
‭epidemic.‬ ‭An‬ ‭estimated‬ ‭25-50%‬ ‭of‬ ‭companion‬ ‭animals‬ ‭are‬ ‭overweight‬ ‭or‬ ‭obese.‬‭3‬ ‭Body‬‭mass‬
‭index‬ ‭of‬ ‭adult‬ ‭dog‬ ‭owners‬ ‭and‬‭body‬‭condition‬‭score‬‭of‬‭their‬‭dogs‬‭were‬‭positively‬‭correlated‬‭in‬
‭one‬ ‭study‬ ‭where‬ ‭nearly‬ ‭58%‬ ‭of‬ ‭dog‬ ‭owners‬ ‭and‬ ‭63%‬ ‭of‬ ‭dogs‬ ‭were‬ ‭overweight‬ ‭or‬ ‭obese‬
‭highlighting‬ ‭the‬ ‭cross-species‬ ‭prevalence‬ ‭and‬ ‭need‬ ‭for‬ ‭successful‬ ‭prevention‬ ‭strategies.‬‭4‬

‭Overweight‬ ‭body‬ ‭condition‬‭and‬‭obesity‬‭are‬‭the‬‭major‬‭causes‬‭of‬‭metabolic‬‭syndrome‬‭(MetS),‬‭a‬
‭cluster‬‭of‬‭phenotypic‬‭features‬‭that‬‭includes‬‭abdominal‬‭obesity,‬‭hypertension,‬‭insulin‬‭resistance,‬
‭and‬‭dyslipidemia.‬‭MetS‬‭is‬‭associated‬‭with‬‭increased‬‭risk‬‭of‬‭cardiovascular‬‭disease‬‭and‬‭Type‬‭2‬
‭Diabetes‬ ‭(T2D),‬ ‭with‬ ‭an‬ ‭estimated‬ ‭prevalence‬ ‭of‬ ‭30-34%‬ ‭among‬ ‭the‬ ‭United‬ ‭States‬ ‭adult‬
‭population.‬‭5‬ ‭Metabolic-like‬ ‭syndromes‬ ‭(MetS-like)‬ ‭are‬‭clusters‬‭of‬‭phenotypic‬‭features‬‭centered‬
‭around‬‭obesity‬‭and‬‭insulin‬‭dysregulation‬‭and‬‭have‬‭been‬‭described‬‭for‬‭horses‬‭(equine‬‭metabolic‬
‭syndrome‬‭-‬‭EMS),‬‭cats‬‭(feline‬‭metabolic‬‭syndrome‬‭-‬‭FMS),‬‭and‬‭dogs‬‭(obesity-related‬‭metabolic‬
‭dysfunction‬‭-‬‭ORMD).‬‭3,6,7‬ ‭MetS-like‬‭phenotypes‬‭have‬‭severe‬‭health‬‭consequences‬‭ranging‬‭from‬
‭osteoarthritis,‬ ‭cancer,‬ ‭cardiovascular‬ ‭disease,‬ ‭T2D,‬ ‭hyperinsulinemia-associated‬ ‭laminitis,‬
‭pregnancy‬ ‭complications,‬ ‭and‬ ‭shortened‬ ‭life‬ ‭span.‬‭6–13‬ ‭Disease‬ ‭definitions‬ ‭and‬ ‭proposed‬
‭pathophysiology‬ ‭for‬ ‭MetS‬ ‭and‬ ‭MetS-like‬ ‭are‬ ‭similar‬ ‭across‬ ‭species,‬ ‭highlighting‬ ‭their‬
‭translational relevance (Figure 1).‬

‭An‬‭Observational‬‭Medical‬‭Outcomes‬‭Partnership‬‭(OMOP)‬‭pet-patient‬‭registry‬‭for‬‭geographically‬
‭overlapping‬ ‭human‬ ‭and‬ ‭veterinary‬ ‭medical‬ ‭institutions‬ ‭enables‬ ‭investigation‬ ‭of‬ ‭the‬
‭co-occurrence‬ ‭of‬ ‭conditions‬ ‭and‬ ‭environmental‬ ‭influences,‬ ‭including‬ ‭MetS‬ ‭in‬ ‭humans‬ ‭and‬
‭related‬ ‭phenotypes‬‭in‬‭companion‬‭animals,‬‭in‬‭coincident‬‭households.‬‭To‬‭accurately‬‭capture‬‭the‬
‭rich‬ ‭phenotypic‬ ‭features‬ ‭of‬ ‭MetS‬ ‭and‬ ‭MetS-like,‬ ‭we‬ ‭are‬ ‭integrating‬ ‭open,‬ ‭community-driven,‬
‭cross-species-enabled‬‭ontologies‬‭(e.g.,‬‭from‬‭the‬‭OBO‬‭Foundry‬‭14‬‭)‬‭into‬‭the‬‭OMOP‬‭common‬‭data‬
‭model (CDM).‬
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‭Methods‬
‭To‬ ‭investigate‬ ‭the‬ ‭feasibility‬ ‭of‬ ‭creating‬ ‭an‬ ‭OMOP‬ ‭pet-patient‬ ‭registry‬ ‭for‬ ‭secure‬ ‭analysis‬ ‭of‬
‭health‬ ‭data‬ ‭from‬ ‭University‬ ‭of‬ ‭Colorado‬ ‭(UCHealth)‬ ‭patients‬ ‭and‬ ‭their‬ ‭pets‬ ‭who‬ ‭received‬
‭veterinary‬ ‭care‬ ‭at‬ ‭Colorado‬ ‭State‬ ‭University‬ ‭(CSU-VTH),‬ ‭we‬ ‭matched‬ ‭non-medical‬‭personally‬
‭identifying‬ ‭information‬ ‭(PII)‬ ‭and‬ ‭determined‬ ‭the‬ ‭total‬ ‭number‬ ‭of‬ ‭patients‬ ‭who‬ ‭had‬ ‭a‬ ‭pet‬ ‭visit‬
‭CSU-VTH.‬

‭PII‬ ‭(first‬ ‭name,‬ ‭last‬ ‭name,‬ ‭street‬ ‭address,‬ ‭city,‬ ‭5-digit‬ ‭zip‬ ‭code,‬ ‭phone‬ ‭number,‬ ‭and‬ ‭email‬
‭address)‬ ‭from‬ ‭the‬ ‭CSU-VTH‬ ‭records‬ ‭was‬ ‭delivered‬ ‭to‬ ‭the‬ ‭Google‬ ‭Cloud-based‬ ‭Health‬ ‭Data‬
‭Compass‬‭(HDC)‬‭research‬‭data‬‭warehouse‬‭(RDW)‬‭at‬‭CU‬‭Anschutz‬‭using‬‭encrypted‬‭file‬‭transfer‬
‭and‬ ‭the‬ ‭HDC‬ ‭HIPAA‬ ‭compliant‬‭virtual‬‭machine‬‭(VM)‬‭gateway.‬‭15‬ ‭CSU-VTH‬‭PII‬‭was‬‭matched‬‭to‬
‭patient‬ ‭records‬ ‭in‬ ‭HDC‬ ‭using‬ ‭a‬ ‭python‬ ‭package‬ ‭hybrid‬ ‭deterministic‬ ‭and‬ ‭probabilistic‬ ‭record‬
‭linkage method, CU Record Linkage (CURL) (Table 1).‬‭16‬

‭Table 1. Record linkage methods.‬

‭Method‬ ‭Linkage variable‬

‭Deterministic 1‬ ‭First6ofFN + First6ofLN + phone‬

‭Deterministic 2‬ ‭First6ofFN + First6ofLN + email‬

‭Deterministic 3‬ ‭First6ofFN + First6ofLN + street_address‬

‭Probabilistic‬ ‭FN, LN, Street address, Phone‬
‭●‬ ‭Blocking scheme 1: FN_Soundex + LN_Soundex‬
‭●‬ ‭Blocking scheme 2: First3ofFN + First3ofLN + state‬

‭Abbreviations: FN, first name; LN, last name‬
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‭Linkages‬ ‭identified‬ ‭using‬ ‭deterministic‬ ‭method‬ ‭1‬ ‭were‬‭removed‬‭before‬‭deterministic‬‭method‬‭2‬
‭was‬ ‭executed,‬ ‭and‬ ‭linkages‬ ‭identified‬ ‭using‬ ‭deterministic‬ ‭method‬ ‭2‬ ‭were‬ ‭removed‬ ‭before‬
‭deterministic‬‭method‬‭3‬‭was‬‭executed.‬‭Probabilistic‬‭blocking‬‭schemes‬‭1‬‭and‬‭2‬‭were‬‭sequentially‬
‭executed‬‭after‬‭deterministic‬‭method‬‭3.‬‭The‬‭threshold‬‭to‬‭declare‬‭a‬‭link‬‭was‬‭set‬‭to‬‭90;‬‭therefore,‬
‭linked‬ ‭pairs‬ ‭with‬ ‭a‬ ‭match‬ ‭score‬ ‭lower‬ ‭than‬ ‭90‬ ‭were‬ ‭not‬ ‭considered‬ ‭matches‬ ‭and‬ ‭labeled‬ ‭as‬
‭“no-matches.”‬‭16‬ ‭The‬ ‭weight‬ ‭redistribution‬ ‭method‬ ‭was‬ ‭applied‬ ‭to‬ ‭the‬ ‭probabilistic‬ ‭linkage‬
‭method‬ ‭in‬ ‭the‬ ‭presence‬ ‭of‬ ‭missing‬ ‭linkage‬ ‭data.‬‭17‬ ‭The‬ ‭linkage‬ ‭methods‬ ‭were‬ ‭adopted‬ ‭from‬
‭existing methods currently used by HDC.‬

‭We‬ ‭queried‬ ‭the‬ ‭CSU-VTH‬ ‭veterinary‬ ‭electronic‬ ‭health‬ ‭record‬ ‭(vEHR)‬ ‭system‬ ‭agnostic‬ ‭of‬ ‭the‬
‭linkage‬‭for‬‭the‬‭frequency‬‭of‬‭phenotypic‬‭features‬‭related‬‭to‬‭MetS-like‬‭in‬‭companion‬‭animals‬‭and‬
‭mapped‬ ‭them‬ ‭to‬ ‭standard‬ ‭vocabularies‬‭including‬‭SNOMEDCT‬‭and‬‭SNOMEDCT_VET‬‭and‬‭the‬
‭OBO‬ ‭Foundry‬ ‭ontologies.‬‭14‬ ‭Statistical‬ ‭differences‬‭in‬‭the‬‭prevalence‬‭of‬‭MetS-like‬‭key‬‭indicators‬
‭for each companion animal species were evaluated by the chi-squared test using R.‬‭18‬

‭Results‬
‭Data‬‭from‬‭41,081‬‭CSU-VTH‬‭clients‬‭from‬‭2019-2024‬‭were‬‭cross-joined‬‭with‬‭3,282,860‬‭UCHealth‬
‭patients‬ ‭from‬ ‭2015-2024‬ ‭within‬ ‭the‬ ‭HIPAA-compliant‬ ‭RDW.‬ ‭We‬ ‭identified‬ ‭12,115‬ ‭matches,‬
‭indicating‬‭29%‬‭of‬‭CSU-VTH‬‭clients‬‭were‬‭UCHealth‬‭patients‬‭(Figure‬‭2).‬‭Fifty-three‬‭percent‬‭of‬‭all‬
‭UCHealth human patients and 48% of CSU-VTH animal patients were female.‬

‭Query‬‭of‬‭the‬‭CSU-VTH‬‭vEHR‬‭identified‬‭a‬‭MetS-like‬‭key‬‭term‬‭in‬‭the‬‭records‬‭of‬‭13,682‬‭(43.9%)‬‭of‬
‭canine,‬ ‭3,048‬ ‭(51.0%)‬ ‭of‬ ‭feline,‬ ‭and‬ ‭1,028‬ ‭(11.8%)‬ ‭of‬ ‭equine‬ ‭patient‬ ‭records,‬ ‭with‬ ‭significant‬
‭differences‬‭in‬‭prevalence‬‭among‬‭species‬‭(p<0.001).‬‭Medical‬‭summary‬‭documents‬‭(one‬‭medical‬
‭summary‬ ‭document‬ ‭per‬ ‭animal‬ ‭per‬ ‭visit)‬ ‭were‬ ‭queried‬ ‭for‬ ‭phenotypic‬ ‭features‬ ‭and‬ ‭disease‬
‭sequelae associated with MetS-like are shown in Table 2.‬

‭Some‬ ‭of‬ ‭the‬ ‭key‬ ‭terms‬ ‭associated‬ ‭with‬ ‭MetS-like‬ ‭(e.g.,‬ ‭over-conditioned,‬ ‭cresty,‬ ‭and‬ ‭cresty‬
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‭neck)‬ ‭were‬ ‭not‬ ‭available‬ ‭in‬ ‭standard‬ ‭vocabularies‬ ‭including‬ ‭SNOMED‬ ‭CT‬ ‭and‬
‭SNOMEDCT_VET;‬ ‭OBO‬ ‭Foundry‬‭14‬ ‭ontologies‬ ‭(e.g.,‬ ‭the‬ ‭Ontology‬ ‭for‬ ‭Biological‬ ‭Attributes‬‭19‬‭)‬
‭were used in these cases.‬

‭Table 2: Discovery rate and number of animal patient visits from the CSU-VTH with‬
‭phenotypic features and disease sequelae associated with MetS-like.‬

‭Key term‬ ‭Discovery rate (%)‬ ‭Number of animal patient visits‬

‭Elevated BCS‬ ‭19.18‬ ‭33,282‬

‭Overweight‬ ‭3.94‬ ‭6,830‬

‭Diabetes‬ ‭2.14‬ ‭3,710‬

‭Obesity‬ ‭1.26‬ ‭2,186‬

‭Over-conditioned*‬ ‭1.21‬ ‭2,095‬

‭Diabetic‬ ‭0.80‬ ‭1,387‬

‭Obese‬ ‭0.56‬ ‭964‬

‭Cresty*‬ ‭0.38‬ ‭657‬

‭DKA‬ ‭0.30‬ ‭520‬

‭Insulin resistance‬ ‭0.24‬ ‭415‬

‭Metabolic syndrome‬ ‭0.19‬ ‭325‬

‭Equine metabolic syndrome‬ ‭0.17‬ ‭293‬

‭EMS‬ ‭0.07‬ ‭114‬

‭Cresty neck*‬ ‭0.04‬ ‭75‬

‭*Term not present in SNOMED CT or SNOMED Veterinary Extension (SNOMEDCT_VET). BCS, body‬
‭condition score; EMS, equine metabolic syndrome; DKA, diabetic ketoacidosis.‬

‭Conclusion‬
‭We‬‭have‬‭demonstrated‬‭the‬‭feasibility‬‭of‬‭developing‬‭an‬‭OMOP‬‭pet-patient‬‭registry‬‭utilizing‬‭EHR‬
‭data‬ ‭for‬ ‭geographically‬ ‭overlapping‬ ‭human‬ ‭and‬ ‭veterinary‬ ‭medical‬ ‭institutions.‬ ‭We‬ ‭found‬
‭significant‬‭overlap‬‭between‬‭individuals‬‭who‬‭were‬‭UCHealth‬‭patients‬‭and‬‭had‬‭a‬‭pet-patient‬‭of‬‭the‬
‭CSU-VTH: 29% of CSU-VTH clients were UCHealth patients.‬

‭The‬‭MetS‬‭and‬‭MetS-like‬‭use-case‬‭is‬‭constructive‬‭to‬‭evaluate‬‭the‬‭utility‬‭of‬‭a‬‭pet-patient‬‭registry‬
‭given‬‭the‬‭high‬‭prevalence‬‭of‬‭these‬‭conditions‬‭in‬‭humans‬‭and‬‭companion‬‭animals‬‭and‬‭the‬‭need‬
‭for‬ ‭One‬ ‭Health‬ ‭interventions.‬ ‭Using‬ ‭open,‬ ‭community-driven‬ ‭ontologies‬ ‭within‬ ‭the‬ ‭OMOP‬
‭pet-patient‬‭registry‬‭will‬‭allow‬‭integration‬‭of‬‭species-specific‬‭terms‬‭e.g.,‬‭cresty‬‭neck‬‭score,‬‭which‬
‭is an independent predictor of insulin dysregulation in ponies.‬‭20‬

‭Next‬ ‭steps‬ ‭include‬ ‭creating‬ ‭a‬ ‭HIPAA-compliant‬ ‭pet-patient‬ ‭registry‬ ‭to‬‭explore‬‭the‬‭dynamics‬‭of‬
‭diseases‬ ‭shared‬ ‭by‬ ‭people‬ ‭and‬ ‭companion‬ ‭animals‬ ‭in‬ ‭coincident‬ ‭households.‬ ‭Top‬ ‭priorities‬
‭include‬ ‭data‬ ‭governance,‬ ‭stakeholder‬ ‭engagement,‬ ‭and‬ ‭preserving‬ ‭data‬ ‭security‬ ‭and‬ ‭privacy‬
‭throughout the research cycle.‬
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