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Abstract
Nutritional management is essential for patients with inborn errors of metabolism, such as urea
cycle disorders (UCDs). Lack of appetite is common in these patients and can lead to
underconsumption of calories, catabolism, and subsequently loss of metabolic control. The
etiology of anorexia in these patients is largely unexplored. The neuroendocrine hormone peptide
tyrosine tyrosine (PYY), secreted postprandially from endocrine cells of the ileum and colon,
induces feelings of satiety and decreases food intake. While plasma PYY levels have been
characterized in a number of populations, they have not been examined in UCD patients. In a
retrospective study, plasma PYY concentrations were measured in UCD (n=42) patients and
controls (n=28) via an ELISA to determine if levels of this anorexigenic hormone are altered in
this patient population. Median PYY levels were significantly higher in UCD patients compared to
controls (p=3.5×10−5). Body mass index was significantly associated with increased PYY levels in
controls (p=0.02), while UCD diagnosis subtype was associated with PYY levels (p=1×10−3) in
cases. Median PYY levels were significantly lower in ornithine carbamoyltransferase deficient
patients compared with all other UCD subtypes (p=9×10−3), but significantly higher compared to
controls (p=1.6×10−3). Overall, this study demonstrates that UCD cases have increased PYY
levels compared to controls, suggesting that regulation of PYY may be altered in these patients.
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These observations may lead to a better understanding of the development of anorexia in UCD
patients.
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1.0 Introduction
Nutrition is the foundation of both the acute and chronic management of patients with
inborn errors of amino acid metabolism, such as urea cycle disorders (UCD) [1]. Feeding
problems, including lack of appetite, are common in UCD patients [2] . Poor appetite can
lead to reduced caloric intake resulting in catabolism and subsequently, a loss of metabolic
control [3,1]. While historically attributed to hyperammonemia, the etiology of anorexia
observed in UCD patients remains poorly understood.

Studies report that levels of appetite regulating hormones, such as ghrelin, may be altered in
some patients with inborn errors of metabolism [4,5]. The neuroendocrine hormone peptide
tyrosine tyrosine (PYY), secreted from the L cells of the ileum and colon in response to
ingested nutrients, plays a role in appetite regulation as well, inducing satiety postprandially
[6]. This peptide also inhibits gastric acid secretion, delays gastric emptying, and slows gut
motility, rendering it a mediator of the ileal brake [7,8]. Studies have shown that
administering exogenous PYY decreases food intake in mouse and human [9,10]. As a
result, this peptide has garnered much attention in recent years as a potential therapeutic
target for obesity.

PYY is widely studied for its role in energy homeostasis, and consequently circulating levels
have been characterized in multiple healthy and diseased populations. Plasma PYY levels
are higher in infants [11,12], compared to children [13,14] and adults [15,16,17], and
increased PYY levels are thought to contribute to the weight loss observed in patients who
have undergone gastric bypass surgery [18,19]. Additionally, multiple studies report
increased PYY levels in individuals with anorexia nervosa, suggesting PYY may play a role
in the pathogenesis of this disease [20,21].

PYY levels have not been previously examined in patients with UCDs, a population in
which anorexia is commonly observed. To determine if levels of this anorexigenic hormone
are altered in this group we measured plasma PYY concentrations in UCD patients and
controls. Furthermore, we explored the relationship between PYY levels and a number of
demographic and epidemiological variables among UCD patients versus controls.

2.0 Materials and Methods
2.1 Study Populations

De-identified surplus plasma samples from infant, child, and adult urea cycle disorder
(UCD; n=66) patients undergoing clinical testing were collected from the Vanderbilt
Pathology Lab. UCD diagnoses included: carbamoyl-phosphate synthase 1 (CPS1; MIM#
237300), ornithine carbamoyltransferase (OTC; MIM# 311250), argininosuccinate synthase
1 (ASS1; MIM# 215700), and argininosuccinate lyase (ASL; MIM# 207900) deficiencies. A
subset of the patients had multiple plasma samples available for study; the most recent
sample was used in the analysis. Given that plasma PYY levels are increased in infants
compared with children and adults [11,12] samples from UCD patients less than one year of
age were excluded from analysis. The control group consisted of fasted, normal weight, and
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obese children ages 7-11 years from a previously published prospective study examining
PYY levels in prepubertal children [13]. Surplus plasma samples from these subjects were
retrieved for analysis in the present study.

Relevant demographic and clinical patient data were gathered for this study, including age,
sex, race/ethnicity, and body mass index (BMI). This study was approved by the
Institutional Review Board at Vanderbilt University Medical Center (IRB# 081080).

2.2 Plasma PYY determination
Total PYY was measured for all samples by ELISA (Millipore, EZHPYYT66K). This assay
measures human PYY1-36 and PYY3-36, and does not cross-react with neuropeptide Y or
pancreatic polypeptide. Samples were measured in duplicate. If the difference between
duplicate results of a sample was greater than 15% coefficient of variation (CV), the sample
was assayed again in duplicate. Because surplus plasma samples were collected for this
study, a proportion of the samples did not have an adequate volume available to perform the
assay multiple times. Therefore, if the % CV was greater than 15 for duplicate results of a
sample and the sample could not be assayed again, it was excluded from the analysis.

2.3 Statistical Analysis
Statistical analyses were performed using STATA 10.1. Data are summarized as median and
interquartile range (IQR). Sex and race differences between groups were determined by
Fisher’s exact test. Age, BMI, and plasma PYY concentrations were not normally
distributed; therefore a Wilcoxon rank-sum test was used to test for between-group
differences in these variables.

To test for differences in PYY levels by UCD diagnosis subtype, the patients were stratified
by ornithine carbamoyltransferase deficiency (OTCD, n=28) and compared to all other UCD
subtypes (CPS1 (n=2), ASS1 (n=8) and ASL (n=4)). A Kruskal-Wallis test was used to test
for differences in PYY levels among controls, OTCD patients, and patients with all other
subtypes of UCDs. A Wilcoxon rank-sum test was used to perform pair-wise comparisons
between groups. P-values were not adjusted for multiple testing and were considered
significant at p ≤ 0.05. Additionally, linear regressions were performed to identify variables
significantly associated with log-transformed PYY levels in both UCD patients and controls.

3.0 Results
Study population characteristics are given in Table 1. Overall, sex differed across study
groups (p = 5×10−4) as the control group was mostly male (82%) compared with the UCD
group (38%). There was no difference in the percent of European Americans between
controls (68%) and cases (82%). Neither the distributions of age, nor the distributions of
BMI were significantly different between UCD cases and controls. As illustrated by Figure
1, median plasma PYY levels were significantly higher in UCD patients (146 pg/mL)
compared to controls (82 pg/mL, p = 3.5×10−5).

We also identified variables significantly associated with PYY levels in UCD cases and
controls (Table 2). Age, sex, and race/ethnicity were not significantly associated with PYY
levels in either the UCD group or the controls. BMI was significantly associated with
increased PYY levels (β = 0.47; p = 0.02) in the control group, while diagnosis (β = 0.319; p
= 5×10−4) was significantly associated with PYY levels in the UCD group.

Ornithine transcarbamylase deficiency (OCTD) is the most common UCD subtype, and it
differs from other UCD subtypes in that it is an X-linked, partially dominant disorder with
highly variable clinical phenotypes [22]. Consequently, we stratified the UCD cases based
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on OTCD status to compare PYY levels between patients with OTCD and those with other
UCD subtypes. While the median PYY level in the OTCD group (128 pg/mL) was
significantly higher compared to controls (Figure 2; p = 1.6×10−3), it was significantly lower
compared to all other UCD diagnoses (Figure 2; p = 9×10−3). As expected, the median PYY
level in the non-OTCD UCD patients (235 pg/mL) was significantly higher than that of
controls (Figure 2; p = 1×10−4).

4.0 Discussion & Conclusions
In this study, we determined that PYY levels were significantly increased in UCD patients
compared to a control group. It is unclear why PYY levels are increased in UCD patients,
but one possible explanation relates to control of nitrogen intake and co-regulation of the
genes for PYY and N-acetylglutamate synthase (NAGS). NAGS supplies the co-factor for
CPS1, the first and rate-limiting step of the urea cycle. The genes for PYY and NAGS are
divergently transcribed, an arrangement consistent with coordinate regulation [23,24]. In
such a model, PYY and NAGS are both upregulated in response to dietary protein; PYY
induces satiety, while NAGS is critical for urea cycle function [25,26,16]. Thus, co-
regulation of PYY and NAGS is a potential mechanism linking suppression of nitrogen
intake via PYY to processing of waste nitrogen through the urea cycle, which in UCD
patients could result in prolonged satiation manifesting as a lack of appetite. Additional
studies are needed to confirm this hypothesis.

Among our UCD patients, diagnosis subtype was associated with PYY levels. Patients with
OTCD had significantly lower PYY levels compared with patients of all other UCD
diagnoses; however PYY levels in OTCD patients were significantly higher than controls.
These findings may relate to the clinical variability of OTCD and the inclusion of carrier
females in the OTCD study population. Urea cycle function is less compromised in OTCD
carrier females than in patients with other UCD diagnoses and this could explain why PYY
levels are lower in this group.

Increased body mass index (BMI) was significantly associated with increased PYY levels in
the control group but not in the UCD group. The reasons for this are unclear, however the
relationship between BMI and PYY is inconsistent in the literature with some studies
showing a negative correlation [17,10], some a positive correlation [27], and still others no
correlation at all [28]. The control group, which was ascertained from a previously published
study, includes both normal weight and obese children [13]. In comparison, there were few
patients within the UCD (n=8) group that were overweight or obese (BMI ≥ 25). Small
sample size and a relative lack of overweight and obese patients in the UCD patient group
may contribute to our inability to detect an association of BMI with PYY levels in this
group.

This is the first study to examine PYY levels in UCD patients. Due to the retrospective
nature of this study, there are some limitations. First, cases and controls were not matched
for demographic variables such as age or sex, since controls were drawn from a previous
study [13]. Additionally, we did not have access to fasting status for UCD patients.
Minimally, these patients were fasted for two hours prior to sample collection whereas
control subjects were fasted overnight. While this is a potential confounder, we believe, it is
unlikely to drive the significant effect to the degree observed in our UCD patients given that
plasma PYY levels typically peak approximately 60 minutes after eating[29,10], and nearly
half of our UCD cases have PYY levels greater than peak levels reported by Hill et al in a
study of diurnal variation of PYY[30]. Despite these limitations, this study reveals that
regulation of PYY may be altered in UCD patients, and increased levels of PYY may
contribute to the anorexia often observed in these patients.
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In conclusion, we demonstrate that PYY levels are significantly elevated in our UCD
patients compared with controls. Factors associated with PYY levels include BMI in the
control group and diagnosis subtype in the UCD patient group, an association that has not
been previously reported. Larger, prospective studies are needed to gain a better
understanding of how appetite regulating hormones such as PYY impact the nutritional
management of UCD patients.
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Highlights

• First study examining plasma PYY levels in urea cycle disorder patients

• PYY levels are increased in urea cycle disorder patients compared to controls.

• PYY levels are associated with urea cycle disorder subtype.

• Propose a gene regulatory mechanism linking appetite regulation and the urea
cycle.
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Figure 1. Median plasma PYY concentration in UCD patients compared with controls
Median plasma PYY concentrations (pg/mL) are reported; bars represent the IQR for each
group (control IQR = 70.6 and UCD IQR = 122.0). A Wilcoxon rank-sum test was
performed to determine if the distributions of PYY levels are significantly different between
UCD patients and controls. * p = 3.5 × 10−5

PYY = peptide tyrosine tyrosine, UCD = urea cycle disorder, IQR = interquartile range
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Figure 2. Median plasma PYY levels in OTCD patients and all other UCD patients compared
with controls
Median plasma PYY concentrations (pg/mL) are reported; the bars represent the IQR for
each group (control IQR = 70.6, OTCD IQR =68.1, other UCDs IQR =292.0). A Kruskal-
Wallis test was performed to determine if median PYY levels differ across the three groups
(p = 1×10−4), and a Wilcoxon rank-sum test was performed for pair-wise comparisons.
*OTC vs controls (p = 1.6 × 10−3), **OTC vs other UCDs (p = 9 × 10−3)
PYY = peptide tyrosine tyrosine, OTCD = ornithine transcarbamylase deficiency, non-
OTCD UCDs = urea cycle disorders other than ornithine transcarbamylase deficiency
(includes CPS1, ASS1 & ASL deficiencies), IQR = interquartile range
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Table 1

Study Population Characteristics

Controls
(n=28)

UCD patients
(n=42)

p-value

% Male 82 38
<5.0×10−4*

% European American 68 82 0.25*

Median Age, years
(IQR)

9.7
(2.1)

9.5
(13)

0.98**

Median BMI
kg/m2(IQR)

22.9
(10.1)

18.8
(6.7)

0.14**

Abbreviations: Body mass index (BMI), Interquartile range (IQR).

*
Fisher’s exact test

**
Wilcoxon ranksum test
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