Plasma neuropeptide-Y levels, monoamine metabolism,
electrolyte excretion and drinking behavior in children with
attention-deficit hyperactivity disorder
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Abstract

Against a background of (a) increased drinking behavior in children with attention-deficit hyperactivity disorder
(ADHD); (b) the parallel between some behaviors associated with ADHD and hypertension; (c) the use of the
spontancously hypertensive rat as a model for ADHD; and (d) similarities in the changes of neuropeptide Y (NPY)
and in studies of ion and drinking, NPY, catecholamines and electrolyte balance were
compared in the plasma and urine of healthy children and those with ADHD. Drinking was monitored during 3 h of
neuropsychological tests over 2 days in 14 ADHD and nine healthy children. Patients drank four times as much water
and showed twice the levels of NPY found in controls. In controls there were positive and in pz ts there were
negative relationships for NPY with drinking and restless behavior. Patients’ plasma levels of norepinephrine (NE)
and epinephrine were slightly elevated, but urinary levels of NE and the serotonin metabolite were markedly
increased. Urinary excretion rates for sodium (not potassium), phosphate and especially calcium were decreased in
patients even after covarying for less urine production in the ADHD group. NPY levels were inversely related to
calcium excretion and drinking was inversely related to circulating sodium. Increases of drinking and circulating NPY
in ADHD children and decreased electrolyte excretion may reflect a common disturbance in metabolic homeostasis.
© 1998 Elsevier Science Ireland Ltd. All rights reserved.
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1. Introduction

In 1987, in the context of a workshop on atten-
tion-deficit disorder in children (Sagvolden and
Archer, 1989), RDO was asked about the basis of
the widely remarked but scarcely documented
increased dnnkmg behavior of this group of Chll-
dren (I. Col personal

essential hypertension can show changed platelet
alpha-2 binding and increased sodium retention
even with normal blood pressure (Lettgren et al.,
1992). Second, hypertensive adult humans, where
increased NPY may mark increased sympathetic
nervous activity (Erlinge et al., 1992), show some
behavioral features that are reminiscent of the

The lack of study of this is one

ADHD synd: [e.g. increased when

reason why we decided to monitor the thirst of a
group of children with attention-deficit hyperac-
tivity disorder (ADHD) during a neuropsychologi-
cal study and explore some potential physiological
correlates.

With regard to the potential biological con-
comitants of this behavior, it had already been
suggested (Oades, 1987) that there may be as-
pects of the interactions between angiotensin IT
(AII) and norepinephrine (NE) that are relevant
to ADHD symptoms. Animal studies have shown
that mutual interactions between AIl and NE are
integral to the control of thirst, drinking and
cardiovascular regulation (Fontes et al., 1994; Xu
and Herbert, 1994; Fregly and Rowland, 1995).
AIl and neuropeptide Y (NPY) interact in
medullary nuclei including the noradrenergic Nu-
cleus Tractus Solitarius (Aguirre et al., 1992).
NPY activity has also been implicated in cardio-
vascular regulation, the increase of drinking and
enhanced sodium excretion (Dumont ct al., 1992).
As it would be difficult to rccord meaningful
indices of central AII activity from peripheral
measures, but NPY, which is frequently colocated
with NE in noradrenergic neurons (Dumont et
al., 1992), can be assayed as a marker for neuro-
blastoma (Rascher et al., 1993), we decided to
look at indices of NPY and catecholamine activity
in the drinking behavior of ADHD and healthy
children.

Two aspects of the function/dysfunction of NE
and NPY add to the interest in their measure-
ment in ADHD children. First, abnormal activity
of NE and NPY contributes to the characteristics
of the spontaneously hypertensive rat (Sato et al.,
1995) that itself is studied as a putative animal
model for ADHD (Oades, 1989; Sagvolden et al.,
1993). Children with hypertension may show 50%
increases of NPY, and children of parents with

is withheld (Rascher, persona] com-
)J; furthermore, i

activity in hypertensive adults is associated with
increases of NPY production (Pruszczyk and
Chlebus, 1995) and these subjects may also be
slightly impaired on verbal learning and memory
(Schmidt et al., 1991).

Finally, we decided to monitor electrolyte cx-
cretion that can reflect mechanisms operating in
the control of thirst and blood pressure. [In ex-
treme cases, urinary measures of electrolytes and
creatinine reflect changes associated with blood
pressure regulation (Guyton et al., 1981).] These
were compared with clinically routine measures
taken from blood samples from the patients.

2. Methods
2.1. Subjects and procedure

From the original sample of 16 children with a
primary diagnosis of ADHD (DSM-III-R and
ICD-9) and 16 age-matched healthy controls,
there were 14 patients who were given the revised
ICD-10 diagnosis F90.x (AD) and nine healthy
control subjects (CN) that also provided blood
and urine samples for analysis. The AD group
were all inpatients and naive to medication. Sub-
ject characteristics and problem ratings on the
Conners short parent—teacher scale (CPTQ, here
rated by parent and nurse) are shown in Table 1.
Mean Tanner ratings of secondary sexual devel-
opment for all subjects was 2.0 or less. Cases with

ndary d that were bid with the
primary diagnosis of ADHD included conduct
disorder (F91.x, n = 4), social and emotional dis-
turbance (F92x, n =4), enuresis-encopresis
(F98x, n=1), speech (F80x, n=1) or motor
developmental disorder (F82.x, n =2).







