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Abstract

Background: Limited data exist so far on cardiovascular disease biomarkers

in patients maintained on a protein-restricted diet for inborn errors of pro-

tein metabolism. The present study aimed to analyse plasma cholesterol,

lipoproteins, triglycerides and total homocysteine in patients with various

inborn errors of protein metabolism in comparison with healthy controls.

Methods: A cross-sectional study of cardiovascular disease biomarkers was

conducted in a cohort of patients with inborn errors of protein metabolism:

nine phenylketonuria, nine urea cycle defect, six branched chain organic

acidaemia and two tyrosinaemia type I patients compared to 30 healthy

controls. All patients were on a strict natural protein diet for a mean (SD)

period of 5.37 (2.30) years (range 2–9 years). Dietary assessment, plasma

cholesterol, triglycerides, lipoproteins and total homocysteine levels were

obtained.

Results: There were no significant differences in blood lipid studies and

total homocysteine levels between patients and controls.

Conclusions: The results obtained in this pilot study suggest that cardiovas-

cular disease biomarkers are not increased in patients with inborn errors of

protein metabolism. This may be explained by the possible protective effect

of a mono- and polyunsaturated fat rich Mediterranean diet. Additional

studies with a larger number of patients are needed to confirm this finding.

Introduction

Inborn errors of protein metabolism (IEPM) are enzy-

matic disorders of the intermediary metabolism pathways.

These include disorders of amino acid metabolism, such

as phenylketonuria (PKU) (OMIM 261600) and tyrosina-

emia type I (TYR-I) (OMIM 267700), as well as disorders

of organic acid metabolism, such as maple syrup urine

disease (MSUD) (OMIM 248600), isolated vitamin B12
unresponsive methylmalonic acidaemia (MMA) (OMIM

251000) and isovaleric acidaemia (IVA) (OMIM 243500),

and the urea cycle, such as ornithine transcarbamylase

deficiency (OTC) (OMIM 300461), citrullinaemia (CIT)

(OMIM 215700) and argininosuccinic aciduria (ASA)

(OMIM 207900). All these IEPM belong to the intoxication

type group of inborn errors of metabolism (Saudubray

et al., 2006), where one or more ‘offending’ amino acid

mainly accounts for the related clinical signs. These disor-

ders can be diagnosed in the neonatal period by newborn

screening or at an older age when clinical symptoms

appear; they may mainly affect the neurological and/or

digestive system, as well as kidney and/or liver function.

Long-term therapy for IEPM is based on restricting one

or more offending amino acids, which warrants a low

natural protein intake. Consequently, total dietary protein

requirements are met by daily supplementation with

semi-synthetic formulas containing specific amino acids,

trace elements and vitamins. Allowed natural proteins in

IEPM diet are mainly from vegan sources, which account

for a decreased saturated fat and increased fibre intake;

therefore, such a diet has been described as ‘non-athero-

genic’ (Schulpis et al., 2004) and is possibly protective for
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cardiovascular diseases (CVD). CVD risk factors assess-

ment relies mainly on the evaluation of dietary habits,

blood lipid profile and homocysteine, in addition to

other biomarkers of inflammation, anthropometric mea-

surements and blood pressure, as well as genetic and

psychosocial factors. Furthermore, dyslipidaemia and

hyperhomocystinaemia were shown to be major CVD risk

factors (Perk et al., 2012). In PKU patients, variable CVD

risk factors have been studied, including dyslipidaemia

(Agostoni et al., 2001, 2003; Colome et al., 2001; Moseley

et al., 2002) and plasma homocysteine levels (Schulpis

et al., 2002; Hvas et al., 2006) with contradictory results.

However, there are only few reports on plasma lipid levels

(Colome et al., 2001; Ald0amiz-Echevarr0ıa et al., 2006)

in patients affected with other categories of IEPM, such

as urea cycle defects and branched chain organic

acidaemias.

The present pilot study aimed to assess major CVD risk

factors in patients with various IEPM, maintained on a

restricted natural protein diet and in comparison with

healthy controls.

Materials and methods

Subjects

A total of 26 patients (11 females and 15 males) were

recruited from the inborn errors of metabolism (IEM)

clinic. Patients [mean (SD) age 9 (8.65) years] were diag-

nosed and followed from the time of diagnosis at the

IEM and dietary clinics for variable IEPM: nine PKU,two

TYR-I, nine urea cycle defects (including six OTC, two

CIT and one ASA) and six patients with branched chain

organic acidaemia (two IVA, two MSUD and two

MMA). All patients were therapeutically maintained on a

natural protein-restricted diet. The mean (SD) duration

of this diet at the time of recruitment in the study was

6.57 (7.22) years (range 2–39 years). Clinical data were

obtained for all patients. Half of the recruited patients

(13/26) were diagnosed by newborn screening and thus

received a natural protein-restricted diet from the first

month of life onward, whereas late-diagnosed patients

started their diet at older ages with variable clinical

symptoms (Table 1). All recruited patients had normal

liver and renal function at the time of recruitment in the

study and no family history of genetic dyslipidaemia or

CVD.

Nutritional assessment

Dietary therapy for all patients with IEPM consisted of

natural protein restriction (daily protein intake in the

range 0.8–1.4 g kg�1). Patients were receiving a high cal-

orie, protein-free nutritional supplement consisting of

carbohydrate and fat with an energy distribution of 59%

and 41%, respectively. All patients, except those with

urea cycle defects, were also supplemented with a semi-

synthetic fat-free formula containing specific amino

acids, trace minerals and vitamins. Patients with OTC

deficiency were maintained on arginine supplementation

(200 mg kg�1 per day) and patients with IVA and MMA

were on L-carnitine (100 mg kg�1 per day). Patients

were supplemented as well, when needed, with multivita-

mins to meet their recommended dietary allowance.

Recommended amounts of carbohydrate, fat, total pro-

tein intake and vitamins were calculated according to the

Recommended Dietary Allowance (Food and Nutrition

Board, Institute of Medicine, 2004). Assessment of die-

tary compliance with achievement of an acceptable meta-

bolic control for each specific IEPM was based on a

7-day food record, which was administered to all

recruited subjects and/or their caregivers by the same

trained dietitian. Calculation of the daily dietary intake

of fat, carbohydrate and protein was carried out using

NUTRITIONIST PRO diet analysis software (AXXYA systems,

Stafford, TX, USA).

Controls

The control group consisted of 30 healthy subjects [mean

(SD) age 12.13 (8.54) years], age and sex-matched, pre-

senting for a routine check-up, with no family history of

genetic dyslipidaemia or CVD. All controls were on a reg-

ular diet, free of chronic diseases and were not receiving

any medications.

Cardiovascular disease risk biomarkers

Biological assessment of CVD risk included measure-

ment of blood level of total cholesterol (TCh),

triglycerides (TG), high-density lipoprotein-cholesterol

(HDL-C), low-density lipoprotein-cholesterol (LDL-C)

and total homocysteine (tHcy). Venous blood was col-

lected after 10–12 h of fasting in serum separation tubes

and centrifugation was performed in <2 h after with-

drawal of sample. These were analysed in serum using

enzymatic assays on a Modular analytics SWA (Roche

Diagnostics GmbH, Mannheim, Germany). Friedewald’s

formula was used to calculate LDL-C when the TG level

was below 250 mg dL�1. Otherwise, it was determined

by direct surfactant reagents from Diazyme (Diazyme

laboratories, Powey, CA, USA) and application was

adapted to the the Modular analytics SWA (Roche

Diagnostics GmBH). Homocysteine was measured in

serum by fluorescence polarisation immunoassay on the

Axsym analyser (Abbott Diagnostics, Abbott Park, IL,

USA).
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Statistical analysis

A comparison of daily dietary intake of energy, fat, pro-

tein and carbohydrates between IEPM patients and con-

trols was conducted. In addition, CVD biomarkers of

patients were compared with those of controls and to the

laboratory normal reference values.

SPSS, version 16.0 (SPSS, Chicago, IL, USA) was used

for data analysis. Descriptive analyses were carried out for

comparison of means using a two-sample t-test. P ≤ 0.05

was considered statistically significant.

The study was approved by the Institutional Review

Board (IRB) at the American University of Beirut and

written informed consent and/or assent was obtained

from all recruited subjects.

Results

Nutritional assessment

Total daily energy intake was not significantly different

between patients and controls. The average energy dietary

intake from carbohydrate of IEPM patients was higher

than that of controls but did not reach statistical signifi-

cance (54% of energy versus 49%). Total fat was compara-

ble in both groups (37% of energy versus 38% in

controls), with a mean (SD) polyunsaturated fat (PUF) to

saturated fat intake ratio in patients of 1.045 (0.60) versus

0.771 (0.41) in controls. The difference was not statistically

significant (P = 0.06). The mean (SD) mono-unsaturated

fat (MUF) to saturated fat intake ratio was significantly

higher in patients [1.91 (0.83)] compared to controls

[1.47 (0.62)] (P = 0.030). Energy intake from natural pro-

tein was significantly lower in patients (9% versus 13%;

P < 0.05). Furthermore, vitamin B12, vitamin B6 and folate

intake was within the recommended ranges for all subjects,

with no statistical difference between the two groups.

Cardiovascular disease risk biomarkers

Blood levels of TCh, HDL-C and LDL-C, TG and tHcy

were found to be within the recommended ranges in all

studied categories of IEPM patients. Mean levels of all

studied biomarkers in patients were comparable to those

of control subjects and to the normal reference range lab-

Table 1 Clinical data of patients with inborn errors of protein metabolism (IEPM)

Patient Gender IEPM Age (years) Age at diagnosis Duration of diet (years) Clinical signs at diagnosis

1 F PKU 5 10 days* 5 Asymptomatic

2 F PKU 15 10 days* 15 Asymptomatic

3 F PKU 2 10 days* 2 Asymptomatic

4 F PKU 2 10 days* 2 Asymptomatic

5 F PKU 40 1 year 39 Mild mental retardation

6 F PKU 11 6 years 5 Moderate mental etardation

7 M PKU 3 10 days* 3 Asymptomatic

8 M PKU 6 2 years 4 Mild mental retardation

9 M PKU 9 2 years 7 Psychomotor delay

10 F OTC 5 1 year 4 Acute liver failure

11 F OTC 3 1 year 2 Acute liver failure

12 M OTC 30 27 years 3 Somnolence, migraine

13 M OTC 16 13 years 3 Reccurent vomiting

14 M OTC 13 8 years 5 Hyperammonaemic coma

15 M OTC 8 1 year 7 Acute liver failure

16 M ASA 7 2 days 7 Hyperammonaemic coma

17 M CIT 3 10 days 3 Psychomotor delay

18 M CIT 2 10 days 2 Asymptomatic

19 F TYR 8 1 year 7 Increased liver enzymes

20 M TYR 5 1 year 4 Increased liver enzymes

21 F IVA 6 10 days* 6 Asymptomatic

21 F IVA 8 10 days* 8 Asymptomatic

23 F MMA 9 10 days* 9 Asymptomatic

24 F MMA 5 10 days* 5 Asymptomatic

25 F MSUD 9 10 days* 9 Asymptomatic

26 F MSUD 6 1 year 5 Hypotonia

Mean (SD) 9 (8.65) 2.51 (5.82) 6.57 (7.22)

ASA, argininosuccinic aciduria; CIT, citrullinaemia; F, female; IVA, isovaleric acidaemia; M, male; MMA, methylmalonic acidaemia; MSUD, maple

syrup urine disease OTC, ornithine transcarbamylase deficiency; PKU, phenylketonuria; TYR, tyrosinaemia type I.

*Detected by newborn screening.
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oratory values, with no statistically significant differences

(Table 2). Sub-analysis of two patients aged >18 years

was also carried out (Table 3), although no statistical

conclusion could be made as a result of the small number

of subjects.

Discussion

The therapeutic diet for IEPM is usually based on a natu-

ral protein-restricted carbohydrate rich, low-fat diet

(Przyrembel et al., 2000). The Mediterranean diet is char-

acterised by the high consumption of fruits, vegetables,

whole cereals and olive oil (rich in MUF), with a moder-

ate consumption of dairy products and a low consump-

tion of red and processed meat, cream and pastries

(Willett et al., 1995). Thus, the recommended IEPM diet

has many similarities to a vegan diet (Feillet et al., 2010)

and to the Mediterranean diet, which has been shown to

decrease CVD risk factors in adults (Pitsavos et al., 2003;

Panagiotakos & Polychronopoulos, 2005; Hardin-Fanning,

2008). Recent studies have shown that the Mediterranean

diet was able to improve the lipid profile also in children

affected with chronic diseases, such as type 1 diabetes

(Cadario et al., 2012) and hypercholesterolaemia (Gian-

nini et al., 2014). In PKU patients, the impact of the

IEPM diet on various CVD risk factors was described in

some studies from Mediterranean countries, such as

Greece (Schulpis et al., 2002), Italy (Galluzzo et al., 1985)

and Spain (Colome et al., 2001), in addition to Europe

(Hvas et al., 2006), Australia (Wilcox et al., 2005) and

the USA (Moseley et al., 2002). The plasma lipid profile

was reported in some studies with contradictory results.

TCh level and lipoproteins were found to be lower com-

pared to controls in some studies (Galluzzo et al., 1985;

Agostoni et al., 2001) with an increase in plasma TG level

(Schulpis & Scarpalezou, 1989; Colome et al., 2001;

Moseley et al., 2002), whereas no difference was found

in mean plasma TCh and lipoproteins in other studies

(DeClue et al., 1991; Galluzzo et al., 1985; Hvas et al.,

2006; Schulpis et al., 2004, 2002). However, the data

available so far are scarce with respect to the plasma lipid

profile in patients with IEPM other than PKU. In a total

of 22 patients with IEPM, including 11 patients with vari-

ous organic acidaemias, seven with urea cycle defects and

four with cystathionine b synthase deficiency (OMIM

236200), Moseley et al. (2002) found a significantly

higher level of plasma TG and lower TCh in patients

compared to controls, whereas Ald0amiz-Echevarr0ıa et al.

(2006) found no difference in plasma TCh between four

patients with MMA and controls. In this pilot study, six

patients with branched chain organic acidaemias, nine

with a urea cycle defect and two with TYR- I had a nor-

Table 2 Plasma levels of biomarkers of cardiovascular disease risk factors in patients with inborn errors of protein metabolism and controls

PKU (n = 9) UCD (n = 9) OA (n = 6) TYR (n = 2)

All patients

(n = 26) Controls (n = 30) P*

Total cholesterol (mg dL�1) 150.22 (35.81) 142.56 (32.32) 160.33 (25.38) 109.50 (2.12) 146.77 (32.24) 158.57 (57.53) 0.341

HDL-cholesterol (mg dL�1) 43.76 (10.64) 41.78 (12.80) 57.50 (18.92) 43.50 (12.02) 46.22 (14.37) 49.87 (12.78) 0.324

LDL-cholesterol (mg dL�1) 88.67 (30.44) 91.78 (26.82) 82.67 (28.93) 43.00 (11.31) 84.85 (29.38) 94.33 (55.55) 0.42

Cholesterol/HDL 3.52 (0.89) 4.00 (1.94) 3.03 (1.21) 2.63 (0.77) 3.51 (1.40) 3.36 (1.50) 0.697

Triglyceride (mg dL�1) 89.67 (32.97) 95.33 (57.40) 100.83 (71.46) 115.00 (11.31) 96.15 (49.78) 74.57 (66.11) 0.17

Total homocysteine (lM) 5.83 (1.86) 10.96 (4.92) 10.75 (5.33) 5.95 (2.62) 8.75 (4.61) 10.13 (3.45) 0.217

OA, branched chain organic acidaemias; PKU, phenylketonuria; TYR, tyrosinaemia type I; UCD, urea cycle defects; LDL, low-density lipoprotein;

HDL, high-density lipoprotein.

All values are expressed as the mean (SD).

*P value for test of significance between means of all patients and controls.

Table 3 Plasma levels of biomarkers of cardiovascular disease risk factors in adult patients with inborn errors of protein metabolism and in sex

and age-matched controls

Subjects

(age in years)

Total cholesterol

(mg dL�1)

HDL-cholesterol

(mg dL�1)

LDL-cholesterol

(mg dL�1) Cholesterol/HDL

Triglycerides

(mg dL�1)

Total Homocysteine

(lM)

PKU (40) 213.0 46.0 139.0 4.63 138.0 9.7

UCD (30) 172.0 38.0 112.0 4.52 112.0 8.6

Mean 192.50 42.0 125.50 4.57 125.0 9.15

Control (40) 132.0 32.0 77.0 4.12 113.0 14.7

Control (30) 181.0 43.0 118.0 4.20 98.0 8.8

Mean 156.50 37.50 97.50 4.16 105.0 11.75

PKU, phenylketonuria; UCD, urea cycle defect; LDL, low-density lipoprotein; HDL, high-density lipoprotein.
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mal lipid profile comparable to that of controls. Our

findings may be partially explained by the higher MUF

and PUF intake in the Mediterranean diet, in addition to

possible contributing genetic factors.

Plasma tHcy, a thrombotic factor, has been reported as

an independent risk factor for CVD (Perk et al., 2012). In

a group of dietary compliant PKU patients, the tHcy level

was elevated, which was related to vitamin B6, B12 and

folate deficiency, whereas it was normal in the dietary

noncompliant group (Schulpis et al., 2002). However, the

plasma tHcy level was found to be normal and compara-

ble to controls in another study of PKU patients on a

strict diet (Hvas et al., 2006). No data exist so far on

plasma homocysteine levels in IEPM patients other than

PKU. In the present study, the mean tHcy level of IEPM

patients, other than PKU was in the normal range and

comparable to healthy controls. This can be explained by

the strict adherence to the diet in the study group with

no deficiency in vitamin B12 and folic acid intake.

Conclusions

A natural protein-restricted diet prescribed for IEPM

patients did not significantly increase their CVD biomar-

kers risk factors, including plasma lipid profile and tHcy

concentration. Possible genetic factors and strict adher-

ence to a protein-restricted Mediterranean diet might

explain these results. Future studies including a larger

number of patients, from each category of IEPM, aiming

to evaluate a possible correlation between genetic predis-

position, dietary compliance and CVD risk factors in

IEPM patients, are needed to confirm our findings.
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