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CONCLUSIONS

Despite geographic and 
cultural differences, there 
were broad similarities in 
dietary management in HCU 

Dietitians experienced in 
treating patients with HCU 
agreed on the importance of 
restricting methionine while 
providing a personalized diet 
for patients with HCU

Despite intensive dietary 
management, patients 
frequently had poor 
adherence with a 
methionine-restricted diet

Improved tracking/testing 
tools, more palatable 
medical and low-protein 
foods, financial coverage 
of medical food, and low-
protein food options may 
improve adherence and 
outcomes in patients 
with HCU

Continued exploration of 
improved treatments would 
be beneficial for patients
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Table 1. Tools and Resources Available to Help Track Patients’ Protein Intake

Figure 1. Dietary Management Planning 

*DRI: 0.8 g/kg for adults; 0.9 g/kg for adolescents.
AA, amino acids; DRI, dietary reference intakes; 
Met, methionine; tHcy, total homocysteine.

Met levels not increasing: 
Maintain betaine and attempt 

increasing natural protein

Met levels increase and can’t reduce 
betaine: Reduce Met from food and 
increase medical food to compensate

Dose betaine according to physician recommendation No change

Define clinical presentation and administer vitamin B6/assess for responsiveness                           
while maintaining usual diet

Biochemical control not achieved or poorly compliant with dietStable biochemical control

Vitamin B6 Responder Vitamin B6 Partial Responder Vitamin B6 Non-Responder

Ongoing maintenance and monitoring

B12/folic acid 
supplementation 

3-6 month check-ins for 
patient support and 
monitoring of protein 
requirements and AA 
supplement compliance

Goals:
tHcy <50 µM or <100 µM (patient-specific)

Met: Normal range (no betaine); <1000 µM (on betaine)

Stable metabolites, B12/folate

Optimize natural protein intake and lifelong compliance

No change in diet; continue 
vitamin B6 

Reduce animal protein intake/achieve 
lower protein diet that does not exceed 

intact protein DRI*; ± vitamin B6

Protein-restricted, 
Met-calculated diet

recommended; ± vitamin B6

BCAA, branched chain amino acids; PKU, phenylketonuria.

Figure 3. Dietitians’ Opinions on Laboratory Markers to Assess Nutritional Outcomes 

Advisors consider plasma amino acids “gold 
standard” for measuring overall protein status/protein 
intake at time of blood draw

Some groups annually/routinely assess zinc, 
copper, and selenium as indicators of general 
health and enzyme synthesis

We measure all amino acids regularly to see whether the 
protein supplement is matching the need of protein and to make 

sure that catabolism is not the reason for high levels of methionine

There is no single
measure to indicate 

recent protein intake

As we know from PKU, high levels
of BCAA can be a parameter for 

catabolism in treated PKU

Urinary nitrogen indicative of
protein intake but not routine 

and can be difficult to collect

Tools and Resources to Track Protein Intake

› 24-hour recalls

› Food diaries/tracking apps 

› Food photographs and weight

› Food Frequency Questionnaire (FFQ; adapted from 
other diseases) 

› Information from caregiver

› Nutritional information from food companies

› Analysis packages (eg, MetabolicPro in US; Prodi in 
Germany; Nutritics in UK and Ireland)

› Resources such as working groups for pediatric dietitians 
(eg, ADP, Germany)

Figure 5. Impact of Dietary Compliance and Non-compliance 

› Better physical health

› Lower risk of HCU complications

› Successful pregnancies

› Good study habits/academic outcomes

› “How well family handles diet has most impact 
on how patients will handle it as they become 
adults”

› Poor physical health 

› Higher risk of HCU complications

› Guilt, which can lead to disordered eating

› Pressure from family to be compliant

› Allows patients to feel the same as others

› Lack of immediate impact of non-compliance 
diminishes perceived dietary management 
importance

Impact of Diet Compliance Impact of Diet Non-compliance

Patients

› The dietitians who participated in this expert panel worked with a total of approximately 130 patients at 
the time of this virtual meeting

› Most patients managed by this expert panel were non-responsive to vitamin B6

Establishing Dietary Management

› General methods for establishing dietary management were similar across dietitians, sites, and countries 
represented in the panel (Figure 1), although each patient received a highly individualized diet

› Dietary management plans varied in terms of vitamins B6, B12, folic acid, and betaine administration 

• Target levels of tHcy and Met were similar across all dietitians

› Frequency, evaluation, and follow-up management for clinic visits for each dietitian had broad similarities 
(Figure 2)

Dietary Management Assessments

› Dietitians provided their opinions on laboratory markers available to assess nutritional outcomes for 
patients with HCU (Figure 3)

Challenges with Food Tracking and Dietary Compliance

› Dietitians expressed that inaccurate recording of diets was a challenge due to lack of accurate diet 
recording tools, omission of diet record by patient/family, and/or lack of detail or genuine reporting 

• Sufficient support to provide records should be provided to patients (eg, reminders, phone calls, 
coaching)

• Provision of guidance/equipment for food measurement may be helpful

• New tools/apps could enhance data collection (Table 1)

› Numerous challenges with and impact of dietary management compliance were identified (Figures 4, 5)
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› Homocystinuria (HCU) is a slowly progressive genetic 
disease due to mutations in the cystathionine β-synthase 
(CBS) gene, which leads to elevated homocysteine in the 
body1

› HCU leads to complications in the eye, skeleton, brain, 
and vasculature1

› Current standard-of-care includes protein-restricted diet 
(±formula), betaine, and vitamin B6 when appropriate2

› Current guidelines recommend keeping total 
homocysteine (tHcy) levels below 100 μM2; despite 
treatment, many patients are unable to achieve this 
threshold

› Objectives of this expert panel were to obtain insights on: 

• Dietary management of HCU across different 
treatment centers

• Challenges associated with dietary management (for 
both dietitians and patients) 

• Definitions of successful dietary management 
outcomes

› Eight metabolic dietitians who manage 
patients with HCU from four countries 
(USA, UK, Ireland, Germany) met virtually 
to discuss real-world treatment practices 
and challenges for HCU dietitians and 
patients 

• Dietitians received open-ended 
questions regarding items such as 
clinical characteristics of patients, 
specific practices used during 
treatment, challenges related to diet, 
and definitions of successful dietary 
management outcomes

• Experts were encouraged to answer 
questions in their own words and 
answers were transcribed and grouped 
by topic

› Six of the eight dietitians participated in 
follow-up discussions for additional insights

Successful Dietary Management Outcomes and Compliance

› Dietitians use biochemical markers and diet components to define an optimized 
diet as well as compliance

• A stabilized diet would maintain tHcy, methionine (Met), B12, folate, and 
amino acid (AA) levels in acceptable target ranges; in contrast, most patients 
do not have stable tHcy levels

• Variations in laboratory markers can occur due to illness, changes in 
routine, and in fasting versus fed states

› Compliance was defined as a flexible term, but with an ultimate aim of minimizing 
risk in an achievable way

• Consistent compliance is cumbersome, burdensome, and difficult to 
achieve; it requires patient understanding and acceptance of the  importance 
of dietary restrictions

• Many dietitians felt most patients have either moderate-good or moderate-
poor control, but do not fluctuate between good and poor control

• A fully optimized diet would be one in which the patient can have a good 
variety of foods, enjoy what they are eating, eat outside their home, and 
have good biochemical control of tHcy and Met

Successful Drug Response 

› Limited side effects 

› Normal Met levels, without Met deficiency  

› Ability to increase natural protein intake and 
decrease synthetic protein after metabolic targets 
are reached

› Most felt natural protein could be added once 
patients reached tHcy <50 µM, with 1 advisor 
indicating a threshold of <80 µM and 2 advisors 
indicating a threshold of <100 µM

› “Free” patients from close diet surveillance

› With current dietary management, it is often not 
possible to reduce tHcy levels without reducing 
Met to potentially dangerous levels, thereby 
indicating the need for new management 
alternatives 

Figure 4. Challenges with Dietary Management in HCU

› Different diet than unaffected 
family members

› Creating meals all family 
members can eat is difficult

› Restrictions impact social 
interactions

Social Burden

› Inappropriate consumption of 
protein (over and under)

› Difficulties adhering to strict 
low-Met diet, vegan diet or 
long-term medical formula 

› Getting back on formula after 
being off is almost impossible

› Late-diagnosed patients 
struggle with new diet and 
protein substitution

Adherence Difficulties

› Low protein diet challenges: 
taste, preference, convenience, 
financial

› Food restriction resentment

› Dislike of low protein products, 
limited choices

› Synthetic proteins difficult to 
comply with (eg, cause GI 
disturbances, poor taste)

Food Dissatisfaction

› Betaine doesn’t confer benefit of 
increased exchanges expected

› Polypharmacy (eg, vitamin 
cofactors, betaine)

Other Management Issues

› Lack of understanding of 
importance of diet compliance, 
especially at transition to 
adulthood

› Teenage independence reduces 
compliance

Adolescent Considerations

› Specialty food cost

› Lack of specialty food financial 
support

› Variability of medical food/low 
protein foods coverage by state/ 
country

Financial Burden

GI, gastrointestinal.
AA, amino acids; CV, cardiovascular; Met, methionine; tHcy, total homocysteine.

Figure 2. Typical Clinic Visit

Management

›Provide dietary 
counseling

›Review/adjust 
management 
goals

Evaluation

Lab results

›Routine 
bloods, plasma 
AA, tHcy, B12, 
folate, iron, 
zinc, selenium, 
magnesium

Dietary 
review

›Review 
protein/Met, 
calories, 
compliance, 
challenges

Physical exam

›Body weight/ 
composition; 
developmental, 
skeletal, 
ocular, and CV 
health

Medications

›Review 
medication 
compliance, 
challenges

Frequency

›Physician and 
dietitian meet 
with patient 
every 3-6 
months
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