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ABSTRACT 

        Kuo, Chien-Yung. M.S. The University of Memphis. December, 2012. Patients with 
Phenylketonuria Consumed Adequate Amount of Calcium and Vitamin D. 

 
Objective:  To determine if patients with PKU at the mid south clinic are getting the  
 
recommended amount of vitamin D and calcium in accordance with the Recommended  
 
Dietary Allowance (RDA). 
 
Design:  This was a retrospective study using exiting nutrition data which were from  
 
using the MetabolicPro software to analyze the 3-day food records collected between  
 
June 30,  2010 to February 29, 2012. The means of calcium and vitamin D intake were  
 
Calculated and compared with the subject’s RDA.  Descriptive analysis was used to  
 
Determine frequency, percentages, mean, and standard deviation. T-tests were conducted  
 
to compare calcium and vitamin D intake to the RDA recommendations based on age. 
 
Subjects:  The participants had a diagnosis of PKU, were between 0-21 years old, and 

had completed the 3-day food record (N=13). 

Results:  The patients are getting sufficient vitamin D and calcium when compared to the 

RDA respectively (p=0.084 and p=0.626).  
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CHAPTER I 

INTRODUCTION 

Phenylketonuria (PKU) is an autosomal recessive inborn error of metabolism 

(IEM) which is caused by the mutation of phenylalanine hydroxylase (PAH) gene on 

chromosome 12q23.2 (1). The mutation of the gene causes deficiency of the PAH 

enzyme in the liver to convert phenylalanine (phe) to tyrosine (tyr) which causes elevated 

blood phe levels (1).  Having untreated high levels of phe in the blood is associated with 

impairments of brain function, intellectual disability, and severe behavioral and 

psychiatric disturbances (2, 3).  

Currently, neonates in the United States (US) are screened for PKU using a tool 

called tandem mass spectrometry (MS/MS) to analyze newborns’ dried blood spots 

specimen. Each year, approximately four million neonates in the U.S. undergo newborn 

screening (4).  The neonates who have a positive newborn screening test for PKU are 

referred to medical professionals to prevent further mental damage.    

To avoid being intellectually disability, the diet should be started in the first week 

of life (5). Current treatment for PKU consists of dietary therapy and restricting natural 

protein to minimize phe intake (5). In addition to restricting natural protein sources, a 

special medical supplement is added to the diet to provide sufficient vitamins, minerals, 

and other essential amino acids while remaining low in phe (5, 6). The dietary treatment 

should be adhered to for life because elevated phe levels in adulthood are shown to 

increase depression and attention problems (5, 7).  

The low natural protein diet limits the intake of meat, eggs, milk, dairy products, 

fruits, vegetables, grains and pasta due to the phenylalanine content in these foods (8). 
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Although the phe-restricted diet combined with medical supplements is effective in 

preventing intellectual disability, the diet has many burdens (9). The medical supplement 

is not palatable to many individuals which frequently causes non-compliance (5, 8). 

There are also social burdens associated with this diet. For example, children with PKU 

are taught to decline hamburgers and ice cream that may be offered at a friend’s house in 

order to avoid a spike in their serum phe level. Children must be taught to avoid many 

common foods, such as milk, cheese, and yogurts which are high in calcium (8, 10). 

Having to avoid calcium rich food and/or being non-compliant can lead to other health 

risks for these individuals. There are many reports of suboptimal growth and specific 

nutrient deficiencies, such as calcium, iron, selenium, zinc, vitamin D, and vitamin B12 

(5, 11-13). Studies have shown that patients with PKU have lower bone mineral density 

(BMD) and a greater risk of developing osteoporosis (3).  

Approximately 99% of calcium in the human body is distributed in the skeleton, 

providing support for the body’s structure. Absorption of calcium relies on vitamin D-

dependent pathway which occurs in the proximal small intestine (14). If calcium intake is 

low, the body must compensate through hormone regulation to draw the calcium the 

skeleton, where most of the calcium is stored.  The clinical implications of calcium 

deficiency are rickets, poor bone mass accrual, and poor peak bone mass (14). Since 

absorption of calcium is reliant on the vitamin D-dependent pathway, low intake of 

vitamin D negatively affects absorption of calcium in the body.  

The aim of this study was to determine if patients with PKU ages between zero to 

21 years old in the University of Tennessee Boling Center are getting the recommended 

daily amount of calcium and vitamin D in their diet.  
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CHAPTER 2 

LITERATURE REVIEW 

 Inborn Errors of Metabolism (IEM) 

The English physician, Sir Archibald Garrod, first introduced the concept of an 

“Inborn Errors of Metabolism” (IEM) (15) and described IEM as a lifetime disorder. The 

cause of these disorders is a blockage in the metabolic flow due to an impaired enzyme 

that creates accumulation in the precursor, and thus deficiency in metabolic products 

(15). Most inborn errors of metabolism are inherited from both parents through an 

autosomal, recessive gene; meaning both parents passed the defected gene to their 

children, even if both parents have no clinical symptoms. If both parents carry the gene, 

there is a 25% chance of having an affected offspring with each pregnancy (15). 

Phenylketonuria (PKU) is an IEMs.  

Newborn Screening 

Robert Guthrie developed the bloodspot screening, a technique to identify PKU in 

newborns in the early 1960’s (16, 17).  However, currently the tandem mass spectrometry 

(MS/MS) is used as a Newborn Screening tool, and has been used since the 1990’s. In the 

United States, approximately 4 million neonates are screened each year (4). All states 

have screening programs in place to screen all newborn infants within 24-48 hours of life. 

However, each state has different screening requirements for which disorders must be 

screened (18, 19). Fortunately, all states must include PKU in their newborn screenings 

(18, 19).  
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Phenylketonuria (PKU) 

PKU is an autosomal, recessive, inborn error of metabolism characterized by a 

deficiency in the liver enzyme phenylalanine hydroxylase (PHA) which causes the 

inability to convert an amino acid, phenylalanine (phe), to another amino acid, tyrosine 

(tyr) (1). Untreated patients with PKU have elevated phe which causes growth 

impairment and neurological damage with severe behavioral and psychiatric disturbances 

(2, 20). Other clinical signs include signs of pigment dilution, skin rash, and seizures 

(21). In current screening, if the plasma phe levels are > 1200 µmol/L (20mg/dL), it is 

classified as “Classic PKU”. A range between 600-1200 µmol/L (10-20mg/dL) is 

considered as “Mild PKU”, while a range between 120-599 µmol/L (2 < 10 mg/dL) is 

described as “hyperphenylalaninemias (HPA)”. Normal individual usually have plasma 

phe levels of 48-109µmol/L (0.8–1.8 mg/dL) (21, 22).  

Diet for Life 

In the 1960s, children with PKU were identified through bloodspot screening, but 

the nutrition therapy was typically discontinued after childhood (around 6 years old) (7) 

A few years later, the researchers found that if patients continued the phe-restricted diet 

longer, they would have a better mental and physical outcome (7), but were still not 

certain how long the restricted diet should be consumed. Even though there were 

evidence of better outcome of in continuing the phe-restricted diet after childhood which 

led to a philosophy of “diet for life”, health care professionals were not sure if the 

prolonged treatment was really necessary after adolescent. The rationale for 

discontinuing the diet during adolescence was that health care providers believed the 

brain was fully developed at that age, so the accumulation of serum phe would not cause 
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harm (7).  In one study, fifty seven late-diagnosed patients with PKU from 3 months to 

43 years of age (average at age 8) were followed from the Children’s Hospital of Los 

Angeles. Among the 57 patients, 28 patients started on a phe-restricted diet continuously 

after their late diagnosis. After they continued the low- phe diet, the average IQ went 

from 44 (moderately retarded) and up to 100 (normal).  Of the 28 patients who started the 

phe-restricted diet, there were 9 employed and 6 in college (23). This study showed that 

re-starting nutrition therapy to decrease serum phe levels, may improve neurological 

functioning (24). The nutrition therapy recommendations are to start therapy as early as 

possible and maintain the blood phe levels within the normal range, in order to 

demonstrate normal development (24).  The National Institutes of Child Health and 

Human Development re-evaluated the patients in 1998 to assess patients with PKU to 

determine if their medical, nutritional, psychological, genetic and socio-economic status 

was adequate or impaired. Through this follow up study, researchers were able to look at 

the long term effects of discontinuing the phe-restricted diet (7). They found that 

discontinuing the phe-restricted diet in adolescence/adulthood increases the incidents of 

anxiety, depression, attention problems, and other issues later in life (5, 9, 25). The 

current recommendation is that patients with PKU start the diet therapy in the first weeks 

of life and continue for their lifetime (5).  

Nutrition Therapy for PKU 

The Nutrition Care Manual from the Academy of Nutrition and Dietetics (AND) 

recommends specific nutrition therapy for PKU, which includes a semisynthetic, phe-free 

and tyrosine-supplemented medical supplement/formula (24). In addition, small amounts 

of natural protein are added to the meal plan. All natural protein contains phenylalanine, 
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so all high protein foods are excluded from the diet. Meat, milk, cheese, eggs, legumes, 

and nuts are all excluded from the phe-restricted diet (24). Dietary treatment for PKU can 

be complicated. Since the body cannot synthesize the phe, an essential amino acid, phe 

cannot be completely eliminated from the diet. In the meantime, high phe ingestion can 

cause negative effects on the individuals. The specific range of recommendation daily 

phenylalanine and tyrosine intake for patients with PKU is listed (Table 1) (21). The 

recommendation for daily phe intake for patients with PKU is much lower than what non-

PKU individuals’ usual daily phe intake. For example, patients with PKU age 7 to 11 

years old, the recommended phe intake is 220-500mg. Without carefully planning for the 

food, it is easily to over ingest phe because regular foods contain high amount of phe. For 

example, a slice of commonly prepared white bread contains 120 mg phe, 1 cup of 

mashed potato has 174 mg phe, 1 oz cheddar cheese comprised of 372 mg phe, and 2 oz 

turkey breast contains 447 mg phe (Appendix A).  

The Medical Research Council Working Party on Phenylketonuria provides the 

recommendation specifically for a total amino acid intake; for children under 2 years old 

is 3g/ kg body weight (BW)/day and for children over 2 years old is 2g/kg BW/day (21). 

The protein requirements for PKU patients are slightly higher than individuals without 

PKU. While most common protein foods are high in phe, getting protein through medical 

formula become crucial for patient with PKU.  Unfortunately, the medical formula of 

synthetic amino acids is not palatable to most people (10), thus the long term phe-

restricted diet could cause eating disorders. By using Eating Attitudes Test-26 (EAT-26), 

the study found 7 out of 30 subjects displayed symptoms of disordered eating (8). 

Patients with PKU must follow a strict diet for their lifetime, with only small amounts of 
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meat or milk products.  While following this diet, it is possible that they are not getting 

enough vitamins and minerals to meet the United States Dietary Reference Intake- 

Recommended Dietary Allowance (RDA) (26). 

 

Table1.  Range of Recommended Daily Phenylalanine for patients with PKU (21).   
Age                                                              Phe (mg) 
0<3 months 130-430  
3-6 months 135-400 
6-9 months 145-370 
9<12 months 135-330 
1-4 yrs old 200-320 
4-7 yrs old 200-400 
7< 11 yrs old 220-500 
11<19 yrs old 220-1000 
Adult 220-1100 

 
 
 

Calcium and Vitamin D Intake  

Having to avoid foods with high calcium can lead to other health risks for these 

individuals; calcium is a crucial component in the diet necessary for healthy bones. 

Calcium absorption is dependent on vitamin D sufficiency and dietary calcium intake 

(14).  Approximately 99% of calcium in humans is distributed in the bone to support 

body structure. The remaining 1% is present in the cell, and extracellular fluid. When 

serum calcium is low in the body, 1,25(OH)2D  is up-regulated to increase absorption in 

the small intestine through increasing Parathyroid hormone (PTH). When serum calcium 

is high, PTH activity decreases which will increase calcium absorption in to the bone. 

The serum calcium level has a strong correlation with dietary calcium intake. Therefore, 

lack of dietary calcium could potentially cause rickets in childhood, inadequate bone 

mass-for-ages, and osteoporosis (14, 27).  
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Several studies have shown a defect in bone mineralization in children, 

adolescents, and adults with PKU (28, 29). A study conducted in Athens, Greece in 1998, 

found that 22 out of 48 participants showed severe osteopenia (below 2 standard 

deviations) The researchers suggested that poor peak bone mass is possibly due to the 

dietary deficiency in protein, calcium and vitamin D.  Another study conducted in Israel 

in 2006 also found patients continuing the diet met RDAs for calcium, while only 3 out 

of 14 non diet-adherent patients met the RDA for calcium. (27). This non-adherence to 

the dietary management may have negative consequences to the bone metabolism that 

increase the risk of failure to thrive in children and poor bone mineralization in 

adolescents (27).  

Dietary Reference Intakes –Recommend Dietary Allowance (RDA) for Calcium and 

Vitamin D 

Currently, there are differences in the calcium requirement for different age 

groups according to the RDA (14).The RDA for calcium: 0- 6 months old is 200 mg/day, 

6-12 months old is 260 mg/day, 1- 3 years old is 700 mg/day, 4-8 years old is 1000 

mg/day, 9-13 years old is 1300 mg/day, 14-18 years old is 1300 mg/day, 19-30 years old 

is 1000 mg/day (30). The RDA for vitamin D for age 0-6 months old is 10 mcg/day, 6-12 

months old is 10 mcg/day, and 1-30 years old is 15 mcg/day (30) (see Appendix B).  

Besides dietary calcium, many factors influence calcium absorption, such as 

genetic, age group, physiological state, vitamin D, and the presence of a calcium binder 

in the diet (phosphate, oxalate, and phytate) (14, 31).  Appropriate calcium intake plays a 

significant role in developing strong bones in children and adolescence. Therefore, this 

study will focus on dietary intake of calcium and vitamin D on patients with PKU. 
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CHAPTER 3 

METHODOLOGY 

Research Design 

This was a retrospective cohort study investigating calcium and vitamin D intake 

in patients with classic PKU at the mid south clinic for inborn errors of metabolism. 

Since it is a retrospective study, it does not require inform consent from the patients (see 

Appendix B).  

Population 

Participants had a diagnosis of PKU, were between 0- 21 years old, and had 

completed the 3-day food record between June 30, 2010 to February 29, 2012. Thirteen 

patients with PKU met the criteria and participated in the study. 

Instrument 

The MetabolicPro is a web-based diet analysis tool, specially designed for 

metabolic nutritionists. Dietitians use this software to find out the specific nutrient intake 

the patient is receiving (i.e., number of calories, specific amino acids, vitamins and 

minerals, etc.) The MetabolicPro used in this study is owned and operated by Genetic 

Metabolic Dietitian International (32). Its terms and conditions state that the program 

should only be used for informational purposes. MetabolicPro does not intend to 

administer professional advice. Healthcare professionals should use proper judgment in 

assessing the analysis that is provided by the tool. Discretion should also be applied when 

determining which foods and the amount of foods are most comparable to the patient’s 3 

day food record. For an example of a MetabolicPro nutrition analysis, refer to Appendix 

A.  
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Procedure 

The patients with PKU routinely visited the mid south clinic as their regular check 

up. When the patients visit the clinic, the patients were required to provide a 3-day food 

record at each visit with the dietitian. The 3-day food record included the amount of food 

and drink consumed during the 3 days prior to their clinic visit. If 3-day food records are 

not provided, the dietitians conducted a 24-hour recall with these patients. The data from 

the 3-day food records and 24-hour recall were then entered and analyzed using 

MetabolicPro. When the food that patients consumed was not listed in MetabolicPro, 

dietitians searched online using a variety of websites and made a decision on which 

source to use. The dietitians reviewed the nutrient intake sheet, which is a nutrient 

analysis result from MetabolicPro. The frequency of visiting was mainly dependent on 

the patient’s age and serum phe levels. In this clinic, for patients with PKU, the adequate 

range of phe level is 2-6 mg/dL. If serum phe levels were not within the normal range 

according to the clinic, patients were be notified to consult with the dietitians.  In general, 

the younger patients saw dietitians more often than the older patients, because 

maintaining the normal phe-levels is extremely crucial to younger children for normal 

brain development. In addition, younger children are physically growing rapidly 

dietitians have to make sure they are receiving adequate amount of protein to ensure 

optimal growth.  

In this study, the author uses the existing data on calcium and vitamin D intake 

values based on the food records for each patient from their nutrition intake analysis sheet 

were compared the patients’ calcium and vitamin D intake to the RDA recommendations 

within each appropriate age group.  
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Analysis 

 The analysis was conducted with SPSS version16.0 for Mac (“SPSS for Mac, Rel 

16.0.1.”  2007). Descriptive analysis was used to determine frequencies, percentages, 

means, and standard deviations. The t-test and compared the relationship between 

calcium and vitamin D intake compared to RDA recommendations based on age. 
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CHAPTER IV 

RESULTS 

Sample Characteristics  

The total number of subjects included in the study with complete diet records and 

complete diet analysis using Metabolic Pro was 13. There were 9 boys and 4 girls in this 

study. Comparing the actual average intake of vitamin D and calcium versus RDA for 

each subject’s RDA, we found that 9 out of 13 subjects (69%) did not meet the vitamin D 

requirement and 5 out of 13 (38%) did not meet the calcium intake requirement (Table 2). 

 In this study, means and standard deviations were calculated for vitamin D and 

calcium intake (Table 3). 

Although calcium and vitamin D requirements are different for various age 

groups, a dependent t-test was conducted with all participants (Table 4). Separate t-tests 

were not conducted per age category because the sample size was too small. Results from 

the overall dependent t-test indicate vitamin D intake (x̅ = 11.43; SD= 6.83) was not 

statistically significantly different from the RDA vitamin D requirement (x̅ = 14.62, SD= 

1.39) [t (12) = -1.625; p= 0.130]. In addition, calcium intake (x̅= 1243.72; SD= 596.36) 

was not statistically significantly different from the calcium RDA requirement (x̅ = 

1123.08, SD = 334.55) [t (12) = 0.837; p= 0.419]. This study indicates that patients are 

getting sufficient vitamin D and calcium when compared to the RDA respectively 

(p=0.130 and p=0.419).  
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Table 2.  Actual Vitamin D and Calcium Intake comparing to the subject’s RDA.  

 
Subjects  

 
Vit D intake 

(mcg) 

 
Vit D RDA 

(mcg) 

 
Calcium intake 

(mg) 

 
Calcium RDA 

(mg) 

1 15 15 1110.33 1000 
2 6.9 15 952 1000 
3 12.75 15 1518.5 1300 
4 13.75 15 1738.25 1300 
5 15 15 2135.5 1300 
6 0.25 15 276.75 1300 
7 13 10 731 200 
8 28.43 15 2193.57 1300 
9 3.44 15 421.22 700 

10 12.13 15 1679.63 1300 
11 6.5 15 1000.25 1300 
12 10.67 15 1103.83 1300 
13 10.83 15 1307.5 1300 
      

 
 
Table 3.  Means and Standard Deviations for vitamin D intake, vitamin D requirement 
RDA, calcium intake, and calcium requirement RDA. (n=13) 

 

 
 
 
 

 

 x̅ (SD) 
Vit D intake (mcg) 11.43 (6.83) 
Vit D Requirement  (mcg) 14.61 (1.39) 
Calcium intake (mg) 1243.72 (596.36) 
Cal Requirement (mg) 1123.08 (334.55) 

                                                                                                                                                                                          
Table 4.  Dependent t test between Vitamin D verses Vitamin D requirement and 
between calcium and calcium requirement.  
                                      t                                   df                                  sig (2-tailed) 
Vit D vs. Vit D req -1.635 12 .130 
Cal vs. Cal req .837 12 .419 
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CHAPTER V 
 

DISCUSSION 
 

Currently, the combination of a phe-restricted diet and medical formula has been 

successful in preventing devastating neurological damage in patients with PKU. 

However, studies have shown that patients with PKU may have specific nutrient 

deficiencies, such as calcium, due to difficulty adhering to dietary treatment (5).   

To the best of the author’s knowledge, this is the first study assessing the calcium 

and vitamin D intake among patients with PKU at the mid south clinic. Though some 

studies show the nutrient inadequacy among patients with PKU, the results from this 

study indicate that patients with PKU at the mid south clinic are getting the recommended 

amount (RDA) of calcium and vitamin D based on age. Acosta et al have been shown 

that the mean calcium and vitamin D met recommended amount (33), however in 

Acosta’s study, the subjects were less than three month of age. Our subjects were wilder 

age range, between 0- 21 years old.  

There are several factors that may explain how patients with PKU at the mid 

south clinic are getting enough calcium and vitamin D. First, all patients have access to 

the medical formula, covered by private insurance, government healthcare (Medicaid), or 

non-profit organization such as NORD (National Organization for Rare Disorder). Even 

though paying co-pay for the medical formula can add up as a significant amount of 

expense over time; according to the 3-day record, participants were either be able to 

afford the co-pay or receiving medical formula which is donated from non-profit 

organization. This privilege allows patients to be able to meet their vitamin and mineral’s 

need through being compliant to their formula intake.  Second, patients may be taking 
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vitamin and mineral supplements, despites not taking the recommended amount of 

medical formula. However, author rechecked the food record; no patient was taking 

vitamin and mineral supplements during the time of the study. Third, patients may non-

compliant in lowering natural protein intake. If they are not restricting their natural 

protein, they may reach the calcium and vitamin D RDA despites not taking the medical 

formula. It is extremely dangerous to their brain development because of the high phe 

content in natural protein. Fortunately, eleven out of thirteen patients are taking assigned 

medical formula; taking more than 80% of the formula, and following the low natural 

protein restricted diet greater than 80% of the time. The other two patients are not as 

compliant as the rest of the group. One was being compliant (taking ≥ 80% of the 

formula) only 66% of the time; another did not take the formula almost always based on 

the record. Both individuals are teenagers. One of the main reasons the two teenagers 

choose being non-compliant most likely due to individual does not experience immediate 

clinical symptom after not ingesting all prescribed medical formula/food daily. The 

progress of the brain damage is slow and most of the time the individual is unaware of 

damages. Due to no immediate consequence related to non-compliance, some individuals 

may lose motivation in following the diet and taking adequate amount of medical 

formula. A study has shown that in adolescents, the non-compliant to the diet increased a 

risk in reducing bone mineralization (27).  

Some limitations of this study are its small sample size (n=13), the self-

administered 3-day food record, and limited nutrition information from MetabolicPro. 

Due to the small sample size, the average nutrient intake can be skewed by extreme 

nutrient intake values. Some patients may not accurately record their 3-day food record, 

15 
 



potentially overestimating the amount of medical formula they have been taking.  

Patients could have changed their diet habits to be more compliant the 3 days prior to the 

clinic visit since they knew their diet would be analyzed. This concern can be solved if 

the study compare food intake to actual serum phe, calcium and vitamin D level. 

However, due to financial constrain and beyond the scope of practice, serum calcium and 

vitamin D tests were not performed.  Another potential limitation is MetabolicPro does 

not contain all the foods that patients consumed. The dietitians had to use the best of their 

knowledge to estimate their nutrient intake by gathering the data online, therefore these 

data may not express the most accurate nutrition information. However, this should not 

be the main concern since most of the foods are found in the MetabolicPro System.  

   Additional research is needed with a larger number of subjects to assess the 

adequacy of nutrient intake by using separate t-tests for each age group, and possibly 

comparing nutrition analysis with the subjects’ serum calcium and vitamin D levels.  

After the Institute of Medicine’s report, Dietary Reference Intake for calcium and 

vitamin D was released in November 2010; the recommendation for vitamin D stays 

controversial. Because some studies show that a vitamin D intake greater than the 

recommendations may be associated with better health (34). In addition, following the 

RDA may not raised the serum 25-hydroxyvitamin D  (form of vitamin D) to the optimal 

level (at least 30 ng/mL). For future research, identifying the specific vitamin D 

recommendation for patients with PKU can be beneficial.  
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