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Abstract 

Objective: to evaluate the long-term effectiveness of dietary therapy with regular dietetic 

reinforcement for Adult Refsum disease 

Methods: Retrospective case note analysis of records of plasma phytanic acid and hospital 

admission of 13 patients with Adult Refsum Disease who attended the specialist centre and 

repeatedly received dietary instruction for a minimum of ten years. 

Results: Patients undergoing review had attended for 11-28 years totaling 237 years. Median 

baseline phytanic acid concentrations at presentation were 1631 (370- 2911) µmol/l and 

declined by 89±11% to 85 (10-1325) µmol/l. Levels of phytanic acid were completely 

normalised (<30 µmol/L) in 30%; partially normalised (30-300 µmol/L) in 50% and remained > 

300pmol/L in 15%. The time required for phytanic acid levels to halve was 44.2±15.9 months 

in patients compliant with diet. No patient required admission or plasmapheresis/apheresis 

during this period for acute neuro-ophthalmological complications despite occasional spikes in 

phytanic acid levels attributable to intercurrent illness, surgery, sudden weight loss or 

psychological illness.  

Interpretation: Dietary modification with regular reinforcement in Adult Refsum Disease can 

significantly reduce phytanic acid levels with time. 
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Introduction  

Adult Refsum Disease (ARD; OMIM 266500) is a rare autosomal recessive disorder of 

peroxisomal metabolism[1 2 3 4]. The biochemical abnormality in ARD is a substantially 

reduced ability to metabolise the alpha-methyl isoprenoid fatty acid -3R,S, 7R, 1 1R, 15- 

tetramethylhexadecanoic acid also known as phytanic acid (PA). The average intake of PA on a 

western diet is estimated to be 50-100mg per day[5]. Slow accumulation of PA occurs in neuronal 

and adipose tissue in patients with ARD from the peri-natal period and may lead to neuro-

ophthalmological presentation with night blindness and allied retinitis pigmentosa with anosmia in 

teenage years. Alternatively, if these symptoms are not noticed, PA continues to accumulate and 

patients present about 10 years later with symptoms including acute weakness, ataxia, sensory 

neuropathy, cardiomyopathy and ichthyosis. This acute presentation is usually secondary to an 

infection or other intercurrent illness. Phytanic acid is metabolised by alpha-oxidation with a 

secondary pathway of omega-oxidation[6]. Mutations affecting enzymes or transporters in the 

alpha-oxidation pathway including phytanoyl-coA hydroxylase (PhyH) or its peroxisomal import 

protein peroxin 7 are responsible for most cases of ARD[7]. In patients with ARD plasma levels 

are probably determined by the balance of intake, residual alpha-oxidation, omega-oxidation and 

renal excretion.[8]. This study describes the long-term efficacy of a diet-focused strategy on plasma 

PA levels. 

Methods 

A retrospective case note audit was conducted using a standard form. Ethical consent was not 

considered to be required for an anonymous audit survey by the institutional ethics review board. 

Inclusion criteria comprised a confirmed diagnosis of ARD including identifications of mutations 
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in the relevant genes (phytanoyl-coA hydroxylase (PhyH); peroxin 7 (Pex7) or α-methyl-acyl 

cholesteryl racemase (AMACR); attendance at the Refsum Clinic for 10 years or more; UK 

residence and current attendance. Exclusion criteria were absence of inclusion factors for 

inclusion in the study. The audit of each patient commenced at their first point of contact with 

the Refsum disease clinic, or if their first contact had occurred when admitted acutely unwell, 

after initial management, including plasmapheresis had taken place. Most patients with ARD 

attend and have attended the clinic at least every 6 months. Management at each visit consists of 

clinical and dietetic review, and counseling on the Westminster Refsum diet[9 10]. At each visit 

weight and plasma phytanic acid are measured and patients are questioned about adherence to 

the diet, any intercurrent illnesses, hospital admissions or procedures since the previous visit. 

The dietetic review is conducted over 30 minutes and includes review of recent diet including 

detailed assessment of food groups consumed, advice on use of specific supplements (Fresubin) 

and answering of any questions raised by the patient.  

For this study information on body weight, PA level, symptoms of ARD and other relevant details 

(e.g. intercurrent illness) was extracted from the case notes and recorded on standardised audit 

forms by the auditors working in parallel in pairs. Phytanic acid was measured by the same gas 

chromatographic method for the whole period of follow-up. Clinical admission data was 

obtained from patient records, including those to outside centres, and categorised as being due to 

ARD or for other medical reasons. 

The clinic uses a PA concentration >1500 µmol/L and presence of symptoms typical of acute 

ARD (weakness, sensory loss, sudden visual deterioration) as the criterion for requesting 

admission. No standardised definition of a biochemical exacerbation of ARD exists but any 
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definition should include its severity, its  frequency and the temporal course of these episodes. 

For the purposes of this study the investigators pre-specified that clinical and biochemical 

exacerbations of ARD should be diagnosed by the presence of a >50% rise in PA from the 

preceding visit and exceeding a baseline 10 x upper limit of normal (ULN) (>300 µmol/L). The 

50% rise was derived as an approximation of the Westgard criterion (one sided change) 

used in clinical chemistry to show a significant deviation from mean levels (1.96 x SD)[11] 

using the ERNDIM data for the variances of PA assays[12]. Patients were questioned regularly 

about symptoms associated with ARD.  

Data was analysed by construction of time series plots of PA for each patient. Given the 

non-normal distribution of the data median concentrations and ranges are quoted for cohort 

analyses. Plasma halving time (half life) of PA levels was calculated for each individual including 

all available data after log transformation. Good control was defined as a reduction of PA of 

>50% and/or achieving a PA<10 x ULN (<300 µmol/L). These figures are arbitrary and based on 

clinical experience that patients achieving PA levels < 300 µmol/L show no signs of progression 

of ARD.  

  
Results 

Twenty five patients attend the ARD clinic on regular basis. Thirteen patients (8 male and 5 

female) with ARD had attended the clinic for 10 years or more from 1977 to 2005 and met the 

inclusion criteria.  All patients in this cohort had mutations in PhyH or mapped to chromosome 

10. Three patients had received plasmapheresis on admission for a total of 5 exchanges over the 
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period of the first week of admission. Patients were excluded for lack of extended follow-up 

(n=10; all <5 years follow-up) and lack of compliance with regular review having being lost to 

follow-up for extended intervals (> 2 years) (n=2). Duration of follow-up was 237 patient-years 

with an average attendance of 17.9±4 years (range 11-28 years). Inactivating mutations in the 

phytanoyl-coA hydroxylase (PhyH) gene were found in 11/13 patients (87%) and the other cases 

have previously been mapped to chromosome 10[13]. Median baseline phytanic acid 

concentrations at presentation the clinic were 1631 (370- 2911) µmol/l and declined by a mean 

of 89±11 % to a median 85 (10-1325) µmol/l (table 1). One patient previously had a recorded 

higher initial PA concentration of 5888 µmol/L at another hospital assayed by another method 

prior to plasmapheresis. In this case the local PA level on admission was used. 4 patients (31%) 

achieved levels of PA in the normal range while only 2 (15%) had levels after >10 years 

exceeding 10 x ULN. Patients achieved a PA level < 300µmol/L for a median 107 (6-290) 

months or 48 (3-97) % of the time. The half life for PA was 39 (20-78) months in patients 

(n=10) achieving a >50% reduction in PA levels from baseline.  

No patient required admission for acute symptoms of ARD in the cohort. All patients stated they 

could comply with the diet. No patient described any side-effects they attributed to the diet. The 

PA level declined in all patients with time. However, a number of periods of sustained increases in 

PA levels were seen (table 2). The commonest reasons associated with these increases were sudden 

weight loss, poor compliance with diet, recurrent infections while in primary care, and admission for 

medical or surgical reasons not related to ARD. None of these was associated by patients with 

acute severe irreversible deterioration in their senses of vision, hearing, smell, balance or with gait 

problems.   
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Discussion  

Data on long-term follow-up of cohorts of patients treated with diet or other methods is scanty. 

This study of 13 patients with 237 patient years of follow-up shows that dietary therapy reduces 

PA levels by a mean of 89±11% (change in median levels: 1631 µmol/L to 85 µmol/L) and that 

30% of patients achieved levels of PA in the normal range while a further 55% achieved PA 

levels <10 x ULN. The mean half life of PA in patients receiving dietary therapy was 39 (20-78) 

months. In this cohort there were no admissions were necessary for acute stabilisation of ARD. 

The frequency and severity of biochemically defined PA exacerbations also fell with time in 

parallel with reductions in overall PA levels.  

Two different strategies exist for treatment of ARD. As PA is derived from the diet and 

transported on lipoproteins[14] concentrations can be reduced either by physical extraction of 

lipoproteins using plasmapheresis or apheresis or by dietary restriction of PA intake. Initial acute 

management of ARD revolves around supportive management of symptoms, restriction of PA 

intake and removal of PA by plasmapheresis or apheresis. Clinical observations in acute ARD 

suggest that as PA levels fall below 1000 µmol/L the ataxia, peripheral neuropathy, myopathy 

and ichthyosis all gradually resolve[15]. Controversy exists about the long-term management of 

ARD with two alternative approaches being pursued. Some groups favour life time regular 

(fortnightly- monthly) plasma exchange allied to a low phytanic acid diet [16] while others favour 

the sole use of dietary modification. There is little long-term data about the efficacy of either 

approach except for case reports [17 18]. Plasmapheresis is efficient at removing PA associated 

with lipoproteins but is inefficient in depleting total body PA, as most PA is found in adipose and 
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neural tissue, and these depots show slow exchange with plasma [15 19 20 21]. Plasmapheresis is 

expensive and carries a risk of excess morbidity due to its invasive nature. There is no large scale 

long-term data on the effectiveness of plasmapheresis in ARD though many reports show that it is 

effective in the short-term [17 18 21]. In contrast to plasmapheresis, a diet low in PA and free phytol 

is inexpensive but has generally been thought to be limited in efficacy by poor compliance. 

Current dietetic management in ARD has 4 principles:- 

1. avoidance of rapid weight loss or prolonged periods of fasting;  

2. restriction of dietary intake of PA to <10mg/day  

3. avoidance of immoderate intakes of caffeine and other adrenergic stimulants (because they 

stimulate hepatic lipolysis and PA release);  

4. institution of nutritional support, parenteral products known to contain insignificant 

amounts of PA during episodes of anorexia, starvation or on hospital admission for other 

reasons.  

Case reports of symptomatic improvement and lowering of phytanic acid levels in the blood 

in response to short term dietary treatment have been published[20 22] but these relate to one 

or two patients and the sustainability of dietary modification is not addressed. One case report 

of long–term management with diet over 42 years exists[23].  
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In contrast this study shows that long-term dietary therapy is effective in reducing PA levels. Only a 

minority of patients (n=4; 33%) were non-compliant as shown by persistent elevations over 

previous levels (>20%) and then only on an episodic basis (< 1 year). However, the data presented 

in this report are not totally internally consistent as the dietary regime used has evolved over the 

last 30 years. Historically, initial dietary management on presentation (when patients were 

commonly acutely unwell, anorexic, with low body mass index and vomiting) consisted of 

nutritional support via a liquid diet based on skimmed milk powder, a glucose polymer, safflower 

seed oil and milk shake syrup (until the advent of commercial nutritionally complete feeds)[5 15]. 

Patients were subsequently weaned on to a solid diet consisting of foods known to provide 0.5mg 

of PA per 100g to a total of not more than 10mg of PA daily. Foods known to be rich in phytol 

were excluded (all green vegetables, many fruits and nuts)[24]. Vitamin supplementation was 

provided. A more detailed account of the original Westminster diet is given by Masters-Thomas 

in 1980[25 26]. In the 1980s the dietary treatment changed to allow green vegetables after 

investigation of the effects of phytol-rich foodstuffs [10].  Phytol can be oxidised to PA exists in 

man utilising the fatty aldehyde dehydrogenase -10 [27] (FALDH-10) pathway affected in Sjögren 

–Larsson syndrome (OMIM 270200); however, this source is not clinically significant [27 28 29]. 

The diet was further modified after more comprehensive analysis of the PA content of foods in the 

1990s resulting in still fewer dietary restrictions[9].  

The importance of avoiding substantial weight loss, or extended periods of fasting had been 

suspected clinically for many years[30]. The kinetics of this response became clear when 5 

patients fasted as part of a study of omega-oxidation. In these patients PA rose acutely with a 

doubling time of 14 hours [8]. The clinical reports of side-effects in this audit confirms the 
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importance of the avoidance of weight loss and of appropriate in-patient management (including 

nutritional supplementation) as 53% of acute clinical exacerbations were attributed to sudden 

weight loss[30]. Compliance with the ARD diet has been an issue but has become easier as the diet 

has been simplified. Due to the nature of the design of this study it is difficult to disentangle 

improved adherence due to habituation to the diet from subjective feelings of improvement as PA 

levels fall. Easier adherence to the diet therapy would be expected as the dietary restrictions have 

been progressively liberalised. The majority of patients state that they manage to stick to the 

current diet without difficulty yet it still remains a major source of concern that many 

exacerbations are caused by admitted poor adherence to diet even despite regular dietetic review. 

This study is subject to a number of limitations. PA levels are a surrogate marker for outcomes 

and symptoms but the rarity of ARD makes endpoint studies almost impossible to conduct. 

Arbitrary (though clinically plausible) definitions has been made in this study for PA levels likely 

to precipitate admission, those that represent varieties of clinical control and a mathematical 

definition has been derived to identify significant changes in PA levels likely to indicate a 

potential clinical exacerbation. However, patients were unblinded with regard to PA results, no 

systematic objective disability scoring was conducted and thus the association of periods of PA 

deterioration in ARD-associated symptoms cannot be definitively confirmed.   

Conclusions   

This retrospective case note analysis demonstrates that regular dietary review and education on the 

Westminster diet is effective in producing a sustained reduction in PA over many years. None of 
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the subjects developed acute complications requiring admission or plasmapheresis during the 

period of study though many did show periods of significant deterioration in PA levels especially 

early on in treatment. Adherence to the diet was generally good though intermittent for some 

individuals. Regular review may be the key to achieving and maintaining a sustained reduction in PA 

levels, particularly during episodes of illness, and in the management of rapid weight loss. 
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Table 1 

Clinical characteristics of patients with Refsum disease 

Patient Sex Age at 

presentatio

n (years) 

Follow-

up 

(years) 

Mutation Initial 

PA 

level 

(µmol/L

Final 

PA 

level 

Decrea

se (%) 

1 F 56 18 ? (maps 10p) 1540 10 
 

99.8 

2 M 35 17 Exon 6 splice 467 80 59 

3 M 46 11 Exon 3 splice 886 55 94 

4 M 26 17 Exon 6 splice 362 85 77 

5 M 26 18 Exon 3 

splice Q40X 

2054 162 92 

6 M 30 18 Exon 3 

splice Q40X 

1129 213 81 

7 M 27 14 Exon 3 

splice Q40X 

2005 344 83 

8 F 26 15 P29S 2911 1325 55 

9 M 22 18 Exon 3 

splice Q40X 

1631 349 79 

10 F 24 19 C678+5G-T 2033 53 97 

11 F 23 21 P29S 1728 111 94 

12 F 14 18 ? (maps 10p) 1102 10 99 

13 M 31 28 Exon 3 splice 2010 15 99.8 
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Table 2. 

Causes of exacerbations in plasma PA levels resulting in a> 50% increase and exceeding a 

baseline level > 300 ìmol/L (10 x upper limit of normal). 

Cause of exacerbation Number of episodes 

Weight loss 12 

Poor dietary compliance (patient report) 10 

Surgical/medical admission 4 

Infections 3 

Unknown 4 
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