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A B S T R A C T   

Background and objectives: Prevalence estimates for classical homocystinuria (HCU) are variable and likely 
underestimated due to underdiagnosis. Claims data represent a strong but seldom used resource to analyze 
prevalence of HCU. The aim of this study was to estimate a prevalence range of HCU in the US utilizing a 
combination of diagnosis codes, total homocysteine levels, and clinical presentations indicative of HCU. 
Methods: This was a non-interventional retrospective cohort study, using Optum’s de-identified Market Clarity 
Data, with a patient identification period from January 01, 2016, through September 30, 2021. An algorithm was 
developed to identify 2 cohorts of patients using broad and strict definitions of HCU. The index date was the date 
within the identification period on which the first criterion was met for the inclusion criteria. Baseline de
mographics, clinical characteristics, and complications were assessed and summarized using descriptive statis
tics. Crude and standardized prevalence estimates were calculated. 
Results: There were 3880 and 633 patients that met the relevant inclusion criteria for the broad and strict cohorts, 
respectively. The projected US prevalence of HCU was calculated to be 17,631 and 3466 based on the broad and 
strict definitions, respectively. The average annual standardized prevalence across 2016–2020 was 5.29 and 1.04 
per 100,000 people for the broad and strict cohorts, respectively. 
Conclusions: Prevalence estimates of HCU vary depending on databases or datasets used and identification 
criteria. Many patients with clinical presentations suggesting a diagnosis of HCU did not have an associated 
diagnosis, potentially indicating underdiagnosis or underreporting. Future research should study alternative 
methods, such as the identification algorithm in our analysis, to better diagnose and understand the true 
prevalence of HCU.   

1. Introduction 

Classical homocystinuria (HCU), also known as cystathionine beta- 
synthase (CBS)-deficient homocystinuria, is an autosomal recessive ge
netic inborn error of metabolism [1–3]. It is due to a deficiency in the 
CBS enzyme, resulting in elevated levels of homocysteine and methio
nine (Met) [1,3]. A clinical diagnosis of HCU is made on the basis of 
clinical features, biomarkers including total homocysteine (tHcy), and 
additional confirmation via genetic testing. Normal tHcy levels are 
typically below 15 μM, while tHcy levels above 100 μM are usually 

suggestive of HCU [3–6]. A 2020 study found that tHcy levels above 30 
μM may also be indicative of HCU in some patients, especially those with 
undiagnosed HCU [7]. 

HCU is associated with risks of complications, including thrombotic/ 
thromboembolic events, cognitive impairment and developmental de
lays, ectopia lentis and myopia, and skeletal changes, including osteo
penia, osteoporosis, pectus excavatum, and elongated arms and legs 
(marfanoid habitus) [1–3]. Early treatment and control of tHcy levels 
can prevent or limit complications [8]. 

The worldwide prevalence has been reported to be from 1:200,000 to 
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1:335,000 [3]. However, there are also geographical differences, with 
the highest estimated incidence in Qatar at 1:1800 [6,9], due to a 
founder mutation. Prior US prevalence estimates were based predomi
nantly on newborn screening and reported to be about 1 per 100,000- 
200,000 [1,10], but other methods of detection have resulted in 
different prevalence estimates [7,11]. 

The prevalence of HCU is variable and likely underestimated due to 
underdiagnosis as a result of multiple factors [12]. Newborn screening 
(NBS) for HCU began in some US states in 1968, but was not recom
mended in all US states until 2009 [13]. While screening for HCU now 
occurs in all US NBS programs [14], the method used is not sensitive and 
results in a high percentage of missed diagnoses [3,15,16]. First-tier NBS 
assesses for elevated Met, however patients with the milder form may 
not have elevated Met levels at the time NBS is performed 
[3,11,12,14,17]. Additionally, many symptoms of HCU are not specific 
to the disease (eg, cognitive impairment and skeletal abnormalities) and 
further contribute to delayed or missed diagnoses. 

The true prevalence of HCU in the US remains unknown and many 
patients may be undiagnosed. Limited published research using 
administrative claims data is available on identifying patients with HCU 
beyond the diagnosis code, and claims data represent a strong but 
seldom used resource to analyze the prevalence of HCU. To get a better 
estimate of the prevalence of HCU, there is a need to apply a more robust 
strategy that combines various modalities (eg, claims data and clinical 
parameters such as tHcy levels, clinical features, and complications) to 
identify the overall universe of likely patients with HCU. 

The aim of this study was to estimate a prevalence range of HCU in 
the US using Optum’s de-identified Market Clarity Data and by utilizing 
multiple potential means of identifying HCU, including diagnosis codes, 
homocysteine levels, and clinical presentations. 

2. Methods 

This was a non-interventional US retrospective cohort study with a 
patient identification period from January 01, 2016, through September 
30, 2021. 

2.1. Data source 

Optum’s de-identified Market Clarity Data (Market Clarity) was used 
for determination of the concepts related to homocystinuria. The Market 
Clarity dataset links electronic health record data with historical, linked 
administrative claims data, pharmacy claims, physician claims, and fa
cility claims (with clinical information) and is inclusive of medications 
prescribed and administered. Clinically rich and specific data elements 
sourced from the electronic health record include lab results, vital signs 
and measurements, diagnoses, procedures, and information derived 
from unstructured clinical notes using natural language processing. 
Natural Language Processed (NLP) Concepts are identified and created 
based on broad topics such as Medications; Signs, Disease, and Symp
toms (SDS); Measurements; Observations; etc. The data are harvested 
from the notes fields within the Electronic Medical Records provided to 
Optum from over 50 large health care systems throughout the US. 

The Market Clarity dataset is fully Health Insurance Portability and 
Accountability Act (HIPAA)-compliant and contains de-identified data. 
Institutional review board approval was not required for this study. 

2.2. Study population and participants 

While an International Classification of Disease, Tenth Revision 
(ICD-10) homocystinuria-related code (E72.11) exists, there is not an 
ICD-10 code specific for HCU. Furthermore, within the Market Clarity 
dataset, we found that among patients with an E72.11 ICD-10 code, 
there were limited data on tHcy testing and values (Supplementary 
Fig. 1). This suggested that simply looking at ICD codes was not suffi
cient to effectively classify individuals with HCU. Therefore, an 

algorithm was developed to identify 2 cohorts of patients using broad 
and strict definitions of HCU (Fig. 1). Patient cohorts were identified in a 
stepwise method, based on the presence of a homocystinuria-related 
ICD-10 code (E72.11) or a homocystinuria SDS NLP term, followed by 
the patients’ highest tHcy level at any time during the study period. For 
patients with mildly elevated tHcy, potential causes of elevated tHcy 
other than HCU (such as disorders of cobalamin metabolism and 
methylenetetrahydrofolate reductase [MTHFR] deficiency) [4,6,18] 
were also considered when creating the patient identification algorithm 
(Fig. 1). Potential secondary causes of elevated tHcy used as exclusion 
criteria, including a list of ICD codes used, are included in the Supple
mentary Material. These exclusion criteria included diagnoses such as 
chronic kidney disease, diabetes, hypothyroidism, nutritional anemia, 
vitamin B12 deficiency anemia, other megaloblastic anemia, and 
MTHFR deficiency. In addition to clinical characteristics, phenotypic 
expressions were used to further refine the cohort selection. A pheno
typic expression was considered to be present if one or more of the 
associated diagnosis codes were present. Full details on the patient 
identification algorithm are described in the Supplementary Material. 
The index date was the date within the identification period on which 
the first criterion was met for the inclusion criteria. Baseline patient 
characteristics were assessed in the 6 months prior to index. This does 
not apply to the prevalence calculations. 

2.3. Variables and outcomes 

Baseline demographics assessed included index year (2016 to 2021), 
age at index (in years), age group at index (<18, 18–44, 45–64, 65–74, 
and ≥ 75 years), gender (male, female, unknown or missing), region 
(Northeast, Midwest, South, West, Other/Unknown), Hispanic origin 
(yes, no, unknown), race (African American, Asian, White, other/un
known), and health insurance type (commercial, Medicare, Medicaid, 
other payer type, uninsured, unknown). 

Clinical characteristics assessed included highest tHcy level and 
highest Met level (at any time during the study period). Baseline com
plications/comorbidities assessed included the Charlson comorbidity 
index (CCI), Charlson comorbidities, thrombotic/thromboembolic 
events including deep vein thrombosis (DVT), pulmonary embolism 
(PE), portal vein thrombosis, renal vein thrombosis, myocardial infarc
tion (MI), and cerebrovascular thromboembolic events (stroke/transient 
ischemic attack [TIA]), ocular events (retinal detachment, lens dislo
cation, myopia), and skeletal events (osteoporosis, scoliosis, pectus 
excavatum, pectus carinatum, pes cavus, genu valgum, marfanoid 
habitus). 

Annual and across-the-study (2016–2020) estimates of the crude and 
standardized prevalence of HCU per 100,000 US population were re
ported for both the broad and strict cohorts. 

2.4. Statistical analysis 

Patient demographics, clinical characteristics, baseline complica
tions, and comorbidities were summarized using descriptive statistics. 
Categorical variables were summarized using frequencies and percent
ages. Continuous variables were summarized using means (standard 
deviations [SDs]) and percentiles (minimum, 1st quartile [Q1], median, 
3rd quartile [Q3], and maximum). Missing data were considered a 
separate category in the prevalence analysis and were described using 
frequency counts and percentages for both categorical and continuous 
covariates. Crude and standardized prevalence estimates with 95% 
confidence intervals (CIs) were reported. Crude prevalence was calcu
lated as the total number of prevalent patients (patients with a HCU 
diagnosis as defined by our identification algorithm) during the year of 
interest divided by the total number of patients in the dataset who 
contributed ≥1 person-day during the year of interest. Standardized 
prevalence was estimated using data from the US Census Bureau 2020 
and directly standardized using the age, gender, and race/ethnicity 
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distributions. Average annual estimates were calculated as the average 
of the standardized estimates from 2016, 2017, 2018, 2019, and 2020. 
Annual prevalence was not calculated for 2021 because we did not have 
a full year of data in the dataset. The total US population estimate from 
the US Census Bureau 2022 was used to extrapolate the standardized 
prevalence estimates to the current US population. 

3. Results 

3.1. Demographics and baseline characteristics 

Based on the study criteria applied to the dataset, a total of 3880 
patients met the relevant inclusion criteria for the broad cohort and 633 
patients met the relevant inclusion criteria for the strict cohort (Fig. 1). 
Baseline demographics for both cohorts are shown in Table 1. 

In the broad cohort (n = 3880), the mean age was 57.2 years and 
there was a nearly even gender distribution (48.0% female). Most pa
tients were 18 years and older at index (95.1%). The largest number of 
patients in the broad cohort were between 45 and 64 years of age 
(33.9%). The majority of patients were White (82.9%), 9.4% were Af
rican American, and 1.0% were Asian. Close to one-half (41.4%) of the 
patients in the broad cohort had commercial insurance, while 36.9% and 
16.6% were covered by Medicare or Medicaid, respectively (Table 1). 

In the strict cohort (n = 633), the mean age was 50.0 years and there 
was a nearly even gender distribution (46.6% female). Most patients 
were 18 years and older at index (94.8%). The largest number of patients 
in the strict cohort were between 45 and 64 years of age (42.2%). The 
majority of patients were White (79.3%), 12.6% were African American, 
and 1.4% were Asian. Approximately one-half (49.8%) of the patients in 
the strict cohort had commercial insurance. Most of the remainder of 
patients had either Medicaid or Medicare (23.1% and 22.9%, respec
tively) (Table 1). 

3.2. Clinical characteristics 

Maximum homocysteine levels are outlined in Table 2. The mean 
(SD) maximum tHcy level for the broad cohort was 50.1 (57.0) μM. The 
median (Q1, Q3) maximum tHcy level was 27.3 (21.8, 60.0) μM. Of the 
patients with a tHcy level in the broad cohort (n = 1700, 43.8% of the 
total 3880 in the broad cohort), the majority had a maximum tHcy level 
between 20 μM to <50 μM (62.2%) followed by 31.9% with a level of 50 
μM or greater. The mean (SD) maximum Met level for the broad cohort 
was 109.2 (247.0) μM. 

The mean (SD) CCI for the broad cohort was 1.2 (1.9) (Table 3). 
Cerebrovascular and peripheral vascular diseases were the most com
mon HCU-related baseline Charlson comorbidities reported in the broad 
cohort (n = 3880) (18.1% and 13.2%, respectively) (Table 3). In addi
tion, thrombotic/thromboembolic events during the baseline period 
were reported in 21.7% of patients in the broad cohort (who had at least 
1 acute event), followed by 9.8% for skeletal conditions and 3.9% for 
ocular disorders (Table 3 and Supplementary Table 1). 

The mean (SD) maximum tHcy level for the strict cohort was 69.8 
(77.9) μM and the median (Q1, Q3) maximum tHcy level was 52.5 (24.8, 
81.5) μM (Table 2). Of the patients with a tHcy level in the strict cohort 
(n = 582, 91.9% of the total 633 in the strict cohort), the majority 
(54.8%) had a maximum tHcy level of 50 μM or greater, followed by 
44.3% with a level between 20 μM to <50 μM (Table 2). The mean (SD) 
maximum Met level for the strict cohort was 339.4 (429.4) μM. The 
mean (SD) CCI for the strict cohort was 0.7 (1.4) (Table 3). Cerebro
vascular and peripheral vascular diseases were the most common HCU- 
related Charlson comorbidities reported in the strict cohort (n = 633) 
(both at 10.9%) (Table 3). In addition, thrombotic/thromboembolic 
events during the baseline period were reported in 21.5% of patients in 
the strict cohort (who had at least 1 acute event), followed by 6.3% for 
skeletal conditions and 3.3% for ocular disorders (Table 3 and Supple
mentary Table 1). 

Fig. 1. Classical Homocystinuria Patient Identification Algorithm. 
Abbreviations: CKD, chronic kidney disease; ESKD, end-stage kidney disease; mo, month; MTHFR, methylenetetrahydrofolate reductase; NLP, Natural Language 
Processed; SDS, signs, disease, and symptoms; tHcy, total homocysteine. 
aSecondary causes; At any time: Megaloblastic anemia, disorder of cobalamin metabolism, folate deficiency, CKD, ESKD, renal transplant, diabetes, hypothy
roidism; Within 12 mo: Myocardial infarction. 
bPhenotypic expressions: 1. Ectopia lentis AND (cerebrovascular thrombotic/thromboembolic event OR neurologic feature) exclude: Marfanoid habitus, sulfite 
oxidase deficiency (E72.19); 2. Pectus excavatum AND (cerebrovascular thrombotic/thromboembolic event OR [any thrombotic/thromboembolic event AND 
neurologic feature]) exclude: Marfanoid habitus, sulfite oxidase deficiency (E72.19); 3. Marfanoid habitus AND cerebrovascular thrombotic/thromboembolic event 
AND neurologic feature AND (ectopia lentis OR pectus excavatum) exclude: Sulfite oxidase deficiency (E72.19). 
cThe total number of patients in the broad cohort includes 3753 patients, as shown above, plus 127 patients with or without E72.11 or SDS NLP term and 2 records of 
betaine at least 12 months apart (excluding disorder of cobalamin metabolism and MTHFR deficiency). 
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3.3. Patient identification 

Among patients without a homocystinuria (E72.11) diagnosis code 
or SDS NLP term who had available tHcy levels (n = 1496), 42.1% had a 
highest value >50 μM and 33.4% had a highest value ≥100 μM. Of the 
83.7% of patients who did not have a homocystinuria (E72.11) diagnosis 
code or SDS NLP term (3247 out of 3880), 52.1% had phenotypic ex
pressions consistent with the manifestations of HCU (Fig. 1). 

3.4. Prevalence 

The projected prevalence of HCU in the US was 17,631 based on the 
broad definition and 3466 based on the strict definition. The average 
annual standardized prevalence across 2016–2020 was 5.29 per 
100,000 people for the broad cohort and 1.04 per 100,000 people for the 
strict cohort. In the broad cohort, the annual prevalence ranged from 
2.25 per 100,000 people in 2016 to 7.72 per 100,000 people in 2020 and 
in the strict cohort, the annual prevalence ranged from 0.46 per 100,000 
people in 2016 to 1.53 per 100,000 people in 2020 (Fig. 2A and B). 

4. Discussion 

This study developed an algorithm to identify patients with HCU 
based on diagnosis codes, lab values, and clinical presentations using 
both broad and strict definitions of HCU. Prior similar studies have 
stratified patients only by ICD codes or tHcy levels [7,11]. Utilizing ICD 
codes alone would likely result in an over-estimate of the true preva
lence. By excluding secondary causes and including associated clinical 
characteristics and phenotypic expressions, this algorithm therefore 
aimed to identify patients with HCU, even if a diagnosis for HCU was not 
recorded. 

The demographics of the patients in our study were similar to what is 
known about patients with HCU. As expected, there were more patients 
meeting the broad definition of HCU compared with the strict definition. 
The largest number of patients in both the broad and strict cohorts were 
between the ages of 45 and 64, which is a similar finding to another 
study assessing the prevalence of patients with homocysteine levels 
above 30 μM [7], and another similar study assessing prevalence of 

Table 1 
Baseline Demographics of the Broad and Strict Classical Homocystinuria 
Cohortsa.   

Broad cohort Strict cohort 

Total, No. (%) 3880 (100.0) 633 (100.0) 
Index year, No. (%)  

2016 1016 (26.2) 188 (29.7) 
2017 899 (23.2) 156 (24.6) 
2018 686 (17.7) 122 (19.3) 
2019 583 (15.0) 84 (13.3) 
2020 439 (11.3) 60 (9.5) 
2021b 257 (6.6) 23 (3.6) 

Age at index (continuous)  
Mean (SD) 57.2 (21.1) 50.0 (18.0) 
Median (Q1, Q3) 60.0 (44.0, 74.0) 51.0 (39.0, 63.0) 
Min-Max 0–89 0–87 

Age (categorical), No. (%)  
<18 189 (4.9) 33 (5.2) 
18–44 793 (20.4) 192 (30.3) 
45–64 1315 (33.9) 267 (42.2) 
65–74 642 (16.5) 92 (14.5) 
≥75 941 (24.3) 49 (7.7) 

Gender, No. (%)  
Female 1862 (48.0) 295 (46.6) 
Male 2016 (52.0) 338 (53.4) 
Unknown 2 (0.1) 0 (0.0) 

Region, No. (%)  
Midwest 2116 (54.5) 344 (54.3) 
Northeast 550 (14.2) 86 (13.6) 
Other/Unknown 205 (5.3) 24 (3.8) 
South 647 (16.7) 96 (15.2) 
West 362 (9.3) 83 (13.1) 

Hispanic origin, No. (%)  
Hispanic 150 (3.9) 32 (5.1) 
Not Hispanic 3382 (87.2) 549 (86.7) 
Unknown 348 (9.0) 52 (8.2) 

Race, No. (%)  
African American 363 (9.4) 80 (12.6) 
Asian 37 (1.0) 9 (1.4) 
White 3216 (82.9) 502 (79.3) 
Other/Unknown 264 (6.8) 42 (6.6) 

Insurance type, No. (%)  
Commercial 1608 (41.4) 315 (49.8) 
Medicaid 646 (16.6) 146 (23.1) 
Medicare 1433 (36.9) 145 (22.9) 
Other payer type 61 (1.6) 8 (1.3) 
Uninsured 95 (2.4) 12 (1.9) 
Unknown 37 (1.0) 7 (1.1) 

Abbreviations: Q1, 1st quartile; Q3, 3rd quartile; SD, standard deviation. 
a Because of rounding, percentages may not total 100. 
b For 2021, results were included up to September. 

Table 2 
Maximum Homocysteine Levels in the Broad and Strict Classical Homo
cystinuria Cohortsa,b,c.   

Broad cohort Strict cohort 

Total with at least 1 lab, No. (%) 1700 (43.8) 582 (91.9) 
Total with ≥2 labs ≥50 μM, No. (%) 120 (7.1) 101 (17.4) 
tHcy   

Mean (SD), μM 50.1 (57.0) 69.8 (77.9) 
Median (Q1, Q3), μM 27.3 (21.8, 60.0) 52.5 (24.8, 81.5) 
Min-Max, μM 2–877 4–877 

Maximum tHcy, categorical, No. (%)   
<20 μM, 99 (5.8) 5 (0.9) 
20 to <50 μM 1058 (62.2) 258 (44.3) 
≥50 μM 543 (31.9) 319 (54.8) 
50 to <100 μM 339 (19.9) 208 (35.7) 
≥100 μM 204 (12.0) 111 (19.1) 

Abbreviations: Q1, 1st quartile; Q3, 3rd quartile; SD, standard deviation; tHcy, 
total homocysteine. 

a In patients with at least 1 lab value. 
b At any time during the study period. 
c Because of rounding percentages may not total 100. 

Table 3 
Baseline Comorbidities in the Broad and Strict Classical Homocystinuria 
Cohorts.   

Broad Strict 

Total, No. 3880 633 
Charlson comorbidity index   

Mean (SD) 1.2 (1.9) 0.7 (1.4) 
Median (Q1, Q3) 0.0 (0.0, 

2.0) 
0.0 (0.0, 
1.0) 

Min-Max 0–15 0–15 
Charlson comorbidities, No. %   

Cerebrovascular disease 701 (18.1) 69 (10.9) 
Peripheral vascular disease 514 (13.2) 69 (10.9) 
Congestive heart failure 448 (11.5) 36 (5.7) 
Myocardial infarction 201 (5.2) 18 (2.8) 
Dementia 143 (3.7) 6 (0.9) 
Hemiplegia or paraplegia 139 (3.6) 25 (3.9) 

Occurrence of ≥ 1 acute event during the baseline 
period, No. (%)   
Baseline thrombotic/thromboembolic eventsa 841 (21.7) 136 (21.5) 
Baseline skeletal conditionsb 382 (9.8) 40 (6.3) 
Baseline ocular disorderc 152 (3.9) 21 (3.3) 

Abbreviations: Q1, 1st quartile; Q3, 3rd quartile; SD, standard deviation. 
a Included deep vein thrombosis, pulmonary embolism, portal vein throm

bosis, renal vein thrombosis, myocardial infarction, and cerebrovascular 
thromboembolic events (stroke/transient ischemic attack). 

b Included osteoporosis, scoliosis, pectus excavatum, pectus carinatum, pes 
cavus, marfanoid habitus, and genu valgum. 

c Included retinal detachment, lens dislocation, and myopia. 
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patients with HCU using administrative claims data [11]. This similar 
database study comparing patients with HCU and phenylketonuria 
found a comparable age at index to our study, with strictly defined HCU 
patients a mean of 56.8 years old at index and those with broadly 

defined HCU a mean of 55.5 years old at index in their study [11]. 
Additionally, the demographics of both cohorts in our study were 
similar, except patients in the strict cohort were slightly younger. 
However, most patients in both cohorts were over 18 years old at index. 

2016 2017 2018 2019 2020
<18, y 0.78 1.16 1.61 1.95 2.73
18-44, y 1.93 3.60 4.83 5.82 6.58
45-64, y 1.66 3.48 4.79 5.73 6.10
65+, y 5.49 9.19 12.77 15.32 16.53
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2016 2017 2018 2019 2020
<18, y 0.25 0.24 0.32 0.41 0.51
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45-64, y 0.36 0.79 1.12 1.44 1.65
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Fig. 2. Estimated Crude and Standardized Prevalence of Classical Homocystinuria per 100,000 People, by Age Group and Year for the Broad (A) and Strict (B) 
Cohorts. 
Abbreviations: y, years. Crude prevalence estimates are shown in the table and bar graph. Standardized estimates with 95% CIs are shown above the bar graphs for 
each year. 
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Due to the range in severity of symptoms and complications related to 
HCU, symptoms leading to a diagnosis do not always manifest in pedi
atric patients and can present in adults [3,6,16]. Additionally, the con
ditions assessed in our patient identification algorithm are not always 
phenotypically expressed in pediatric patients. Given this, along with 
the similar age demographics in our study and the aforementioned study 
using a different database, the disparity in prevalence by age could be 
related to the disease itself and not the specific databases used for the 
study. These results suggest that many patients with HCU are likely 
diagnosed at an older age or undiagnosed. 

The strict cohort had higher mean maximum tHcy levels and more 
patients with maximum tHcy levels above 50 μM. These results are likely 
a reflection of identifying more patients with milder cases of HCU when 
using the broad definition and more patients with severe cases of HCU 
when using the strict definition. Similarly, only a small percentage of 
patients had Met lab results available but, of those, patients in the strict 
cohort had higher mean levels compared with those patients in the 
broad cohort, likely reflecting more severe HCU in the strict cohort. 
Many patients with high tHcy levels and clinical presentations indicative 
of HCU did not have a corresponding recorded diagnosis of HCU, sug
gesting possible underdiagnosis or underreporting. 

Based on our study, using the July 2022 US Census Bureau estimate, 
the projected prevalence of HCU in the US is 17,631 based on the broad 
definition and 3466 based on the strict definition. Our estimates are 
slightly lower than those found in other similar studies which ranged 
from approximately 31,000 in a broadly defined cohort and 12,000 in 
the strictly defined cohort [11] or the estimated 31,000 patients with a 
tHcy level > 30 μM [7]. These variations could be due to differences in 
the databases or datasets used for the studies, the study period, and 
differences in the definitions and identification of HCU. However, our 
prevalence estimates were validated in a similar study using the IQVIA 
PharMetrics Plus and Ambulatory Electronic Medical Record (AEMR) 
2018–2021 databases from January 1, 2018, through May 31, 2022 
[19]. The PharMetrics Plus database is comprised of fully adjudicated 
medical and pharmacy claims, while the AEMR comprises approxi
mately 75 million US patient records from an opt-in provider research 
network [19]. In this study, a similar, but slightly lower projected 
prevalence of HCU in the US was found, 11,732 for the broad cohort and 
2800 for the strict cohort [19]. The average annual standardized prev
alence estimates (2018–2021) were also slightly lower, at 3.52 per 
100,000 (broad cohort) and 0.84 per 100,000 (strict cohort) [19]. These 
estimates do need to be interpreted within the context of limitations 
associated with the IQVIA databases due to missing data and minimal 
overlap between the PharMetrics Plus and AEMR data. The results of 
these studies suggest that HCU prevalence estimates vary depending on 
factors such as the identification criteria, cohort definitions, and data
base or dataset used. In both our study and the aforementioned study 
[19], many patients with clinical presentations suggesting a diagnosis of 
HCU did not have an associated diagnosis of HCU, potentially indicating 
underdiagnosis or underreporting. 

In our study, there was a trend noted of increasing prevalence over 
the time of the study. There are many uncertainties regarding HCU given 
that this is a rare disease. However, the cause of this is likely multifac
torial. There could be increased awareness of HCU and its diagnosis. 
There was also a decrease in the number of patients available within the 
dataset over time, possibly due to the intervening COVID pandemic 
years resulting in fewer patients seeking medical care and more patients 
without insurance. Another potential contributing factor relates to the 
dataset used for the study. It is likely that more recent patients with 
better capture of claims are included in the dataset, leading to increased 
counts in recent years. 

Future research should explore alternative methods to better di
agnose HCU (such as the relatively robust algorithm detailed in our 
analysis) and understand its prevalence. The results of our study help to 
increase awareness for HCU and advocate for improved screening, 
recognition, and diagnosis of HCU. Identifying these patients earlier 

could potentially help improve morbidity, mortality, and cost of care for 
patients with HCU. 

4.1. Limitations 

This study was limited to data in the Market Clarity data, which 
included primarily commercially insured patients, and may not be 
representative of the broader US population. Standardization of the 
prevalence estimates to the US population was performed to minimize 
this bias. Missing data or errors in detection of homocystinuria-related 
ICD-10 codes and SDS NLP terms could introduce bias, including po
tential underestimation of the US prevalence of HCU. Additionally, pa
tients with HCU may not be adequately captured in our dataset due to 
self-management through diet or vitamin intake. 

There are unavoidable limitations related to claims-based datasets 
and databases and ascertainment bias is possible. This analysis was 
restricted to more recently available data (2016–2020), so for some 
patients, the index date may not indicate the date of first HCU diagnosis. 
As a result, patients could have been diagnosed at younger ages, prior to 
data availability for this study. Additionally, if patients had undiagnosed 
diseases or had diagnoses outside the database network, they would not 
be able to be ascertained. Given the lack of an existing ICD-10 code 
specific only to HCU, exclusion of other metabolic causes of elevated 
homocysteine with the same ICD-10 code (E72.11) could not be guar
anteed. However, the patient identification algorithm used in this study 
aimed to accurately identify patients with HCU by using a combination 
of diagnosis codes, lab values, and clinical presentations. 

The limited number of tHcy levels reported in the dataset used makes 
it difficult to assess if patients have consistently high tHcy levels. 
However, this could also be related to variations in clinician testing 
preferences, as they may only require one elevated tHcy test in combi
nation with clinical symptoms consistent with HCU to make the diag
nosis. Additionally, very few patients in both cohorts (<1%) had 
methionine levels available, which may be driving the average levels up. 

The higher age of our study population is thought to be due to higher 
rates of underdiagnosis in the pediatric population. However, the higher 
age of the study population could impact the event rates in diseases such 
as cardiovascular disease, where age is a risk factor. 

5. Conclusion 

Estimates of prevalence of HCU vary depending on factors such as 
the identification criteria, cohort definitions, and database or dataset 
used. Many patients with clinical presentations suggesting a diagnosis of 
HCU did not have an associated diagnosis of HCU, potentially indicating 
underdiagnosis or underreporting. Future research should explore 
alternative methods (such as the algorithm detailed in our analysis) to 
better diagnose and understand the true prevalence of HCU. 
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