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Background

• Classical homocystinuria (HCU) is a rare metabolic 
disorder associated with a significant clinical burden—
particularly thromboembolic complications, 
developmental delay, neurological disorders, ocular 
issues, and skeletal events and abnormalities (e.g., 
osteoporosis, fracture). Classical HCU is characterized 
by elevated plasma levels of total homocysteine 
(tHcy). Guidelines recommend early intervention in 
patients with HCU, with a methionine-restricted diet 
and treatments (such as betaine and pyroxidine) to 
lower tHcy levels. However, the broad clinical 
spectrum and rarity of HCU have hindered 
understanding the incremental relationship between 
tHcy and manifestation of clinical complications.

Objective

• To comprehensively identify evidence from studies 
describing the relationship between tHcy and clinical 
outcomes in HCU.

• A systematic literature review (SLR) was 
performed on May 22, 2022, in Embase, 
MEDLINE, and the Cochrane Library for articles 
published at any time, and conference abstracts 
published from 2020 to the present, using 
comprehensive search strings.

• Studies of interest included interventional trials 
and observational studies of patients with 
classical HCU that reported any clinical outcomes 
and tHcy levels.

• Two independent reviewers screened all records, 
first as title/abstracts and then as full texts. A 
third reviewer adjudicated any screening 
decisions as necessary.

LIM IT AT IONS AND 
CO NCL USI ONS

Thirteen studies describing 

classical HCU and tHcy were 

included in the SLR.

Limited data were identified to 

quantify the association 

between tHcy accumulation and 

clinical complications (most 

studies lacked the appropriate 

design, sufficient sample size 

and follow-up duration, and/or 

statistical assessments to 

estimate associations).

Despite these limitations, the 

evidence demonstrates that 

outcome risk is related to tHcy 

levels, and supports the 

importance of early diagnosis 

and intervention to minimize the 

risk of complications.
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S Author, Year Study Design Country/ 
Region

Study 
Period

Follow-up, Y Sample 
Size, N

Mean 
Age, Y

Median 
Age, Y

Male,

%

Al-Dewik et al. 20191 Prospective observational Qatar 2016 to 2017 ≥2 126 17.4 NR 57

Allen et al. 20192 Retrospective observational Ireland 1971 to NR 1 36 26.6 NR 47

Almuqbil et al. 20193 Retrospective observational United States 1962 to NR NR 25 33.5 29.0 52

Burke et al. 19894 Prospective observational Ireland NR Mean: 8.2 (HCU
detected on newborn 
screening), 9 (HCU 
detected later)

19 9.4 8.5 53

Gahl et al. 19885 Randomized controlled trial United States NR 2 5 17.6 16.0 60

Gus et al. 20216 Retrospective observational Brazil NR NR 10 26.3 NR 70

Karaca et al. 20147 Retrospective observational Turkey 1981 to 2012 NR 26 NR NR 54

Kožich et al. 20218 Retrospective observational Europe (19 countries) 1962 to 2018 Median: 3.7 328 NR 26.0 53

Lim & Lee 20139 Prospective observational Korea 2007 to 2011 3.4 5 NR NR 40

Poloni et al. 201810 Cross-sectional survey and 
retrospective observational

Brazil NR Median: 6 72 NR 19.0 55

Weber et al. 201611 Retrospective observational United States 2002 to 2010 NR 19 11.5 NR 47

Yap & Naughten 199812 Retrospective observational Ireland 1971 to 1996 Mean: 14.3 (HCU
detected on newborn 
screening), 14.7 (HCU 
detected later)

25 NR NR 52

Yap et al. 200113 Retrospective observational Ireland, Australia, the 
Netherlands, and 
United Kingdom

NR to 1998 Mean: 17.9 158 29.4 NR NR

Table 1. Characteristics of Included Studies

Abbreviations: HCU = homocystinuria; NR = not reported

3

• From 4,377 unique records identified, 13 studies 
describing 854 patients with classical HCU were 
ultimately included in the SLR (Table 1, Figure 1):

– Study designs included retrospective (n=9), 
prospective observational (n=3), and randomized 
trials (n=1)

– The mean or median patient age ranged 8.5 to
33.5 years

– 40% to 70% of patients were male

– Sample sizes ranged from five to 328; the majority 
of studies had <50 patients

– Studies described patients from Europe (n=5), 
North America (n=3), South America (n=2), 
Eastern Mediterranean (n=2), and Western Pacific 
(n=1)

– Data collection began before 2000 for the majority 
of studies (n=8); for the remaining studies, data 
collection started after 2000 (n=3) or was unclear 
(n=2)

– Study follow-up was <2 years (n=1), two to 10 
years (n=6), >10 years (n=2), or was not reported 
(n=4)

• Four studies reported a significant relationship 
between high tHcy or being pyridoxine non-responsive 
and increased risk of adverse clinical outcomes (Table 
2):

– Almuqbil et al. 2019: tHcy and medical 
complications (including dislocated lens, 
osteoporosis, stroke, scoliosis, deep venous 
thrombosis, and/or other complications)3

– Kožich et al. 2021: pyridoxine responsiveness and 
individual central nervous system, vascular, ocular, 
and skeletal complications/abnormalities8

– Poloni et al. 2018: pyridoxine responsiveness and 
ocular complications11

– Weber et al. 2016: tHcy and lumbar bone marrow 
density11

• Other studies reported patient-level data only (n=4), 
outcomes based on different diagnostic/treatment 
subgroups (n=2), or outcomes based on the entire 
study population (n=3).

• Newborn screening was significantly1,3 or 
qualitatively4,12 associated with improved clinical 
outcomes compared to patients with later diagnoses 
(Table 2).

– In Al-Dewik et al., IQ and quality of life (via PedsQL 
4.0) were significantly higher, and tHcy and 
methionine levels were significantly lower in the 
newborn-diagnosed group.1

– In Almuqbil et al., psychiatric symptoms (such as 
anxiety, depression, attention deficit±hyperactivity, 
anger, drug abuse, and social isolation) were 
statistically less frequent in the newborn-diagnosed 
group.

– In Burke et al., no patients identified in newborn 
screening developed ectopia lentis, while all later-
diagnosed patients experienced ectopia lentis, 
despite good biochemical control.4

– In Yap & Naughten, no patients identified in 
newborn screening who were diet-compliant 
experienced complications, while newborn-
screened patients who were diet non-compliant or 
later-diagnosed patients experienced ocular issues 
and/or intellectual disabilities.12

Table 2. Relationships Between Clinical Outcomes, tHcy, and Screening

Author, Year Sample tHcy, µmol/L Outcome Types Association with tHcy and/or Screening 
Size, N

Within-study tHcy-outcome relationship

Almuqbil et al. 20193 25 NR Medical complications Fisher's exact P=0.047

Psychiatric symptoms χ2/Fisher's exact P=0.733

Newborn screening group was less likely to 
have psychiatric symptoms than late 
diagnosis group (P=0.048)

Kožich et al. 20218 328 Median at diagnosis: 230

Categorized as pyridoxine non-responder, 
partial, full, or extreme responder

Neurologic disease, 
developmental 
delay/learning difficulties, 
thromboembolic 
complication, DVT, PE, 
ocular complication, lens 
dislocation

Fisher’s exact P<0.05 for each outcome listed 

Skeletal abnormalities were also significant 

via linear-by-linear association test

Poloni et al. 201810 72 Pyridoxine responder, median: 19 

Pyridoxine non-responder, median: 212

Ocular complications χ2 P=0.013

Weber et al. 201611 19 Median (IQR): 105.2 (48.7-141.7) Lumbar bone marrow 
density

Spearman's rho = 0.499; P=0.05

Multiple linear regression (adjusted for age, 
sex, and height): β=3.04 (1.35, 4.72), 
R2=0.64; P=0.01

Patient-level outcome data

Burke et al. 19894 19 <10 µmol/L: 12 (63%)

10-15 µmol/L: 3 (16%)

>15 µmol/L: 4 (21%)

Ocular Authors state that patients identified through 
early screening had better ocular outcomes; 
significance not assessed

Gahl et al. 19885 5 Placebo: 36

Betaine: 8

Various NR

Gus et al. 20216 5 <50 µmol/L: 3 (30%)

>50 µmol/L: 7 (70%)

Ocular NR

Karaca et al. 20147 26 Mean: 293 Various NR

tHcy and outcome prevalence based on diagnostic/treatment subgroups

Al-Dewik et al. 20191 126 Newborn screening, median: 52

Family screening, median: 77.6

Late diagnosis, median: 108

Various Newborn screening group had increased 
likelihood of higher IQ and better quality of 
life than late diagnosis group (P<0.001)

Yap & Naughten 199812 25 HCU detected on screening, range: 4-48 

HCU detected on screening but non-

compliant, range: 5.5-58

HCU missed on screening, range: 4.5-8.5

Various Authors state that patient identified on 
screening had no HCU-related complications, 
while non-compliant and late-diagnosed 
patients had HCU complications; significance 
not assessed

Hypermethioninemia 
encephalopathy

NR

Bone/joint NR

tHcy and outcome prevalence reported for entire study population

Allen et al. 20192 36 Mean: 78

Lim & Lee 20139 5 Median: 50.2

Yap et al. 200113 158 NR Cardiovascular NR

Note: pyridoxine response refers to tHcy <50 µmol/L; see individual studies for additional categorization.

Abbreviations: DVT = deep venous thrombosis; HCU = homocystinuria; IQ = intelligence quotient; IQR = interquartile range; NR = not reported; PE = pulmonary embolism; tHcy
= total homocysteine
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Duplicate records removed before screening (n = 3,148)

Records excluded based on title/abstract screening (n = 4,101)
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Records screened at title/abstract level (n = 4,377)

Reports sought for retrieval (n = 276)

Reports excluded (n = 263):
General population (n = 241)

Homocysteine disorder other than classical HCU (n = 10)
Population not separable for outcomes of interest (n = 7)

tHcy levels not measured (n = 3) 
Outcomes not of interest (n = 1) 

Case report/series (n = 1)

Studies included in review (n = 13)
Reports of included studies (n = 13)
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Reports assessed for eligibility (n = 276)

Reports not retrieved (n = 0)

Figure 1. PRISMA Diagram

Records identified (7,525):
MEDLINE (n = 3,496)
Embase (n = 3,389) 
CENTRAL (n = 634)

CDSR (n = 6)

Abbreviations: CDSR = Cochrane Database of Systematic Reviews; HCU = homocystinuria; tHcy = total homocysteine
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