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Folic acid and mental symptoms in children
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SUMMARY 312 children resident at a hospital school received a neuropsychiatric examination and
information was provided on their IQ status. Children with a fall in their IQ were identified. Serum
and red cell folate values were estimated and the relationship between neuropsychiatric disturbances
and folate disturbances explored. Patients with a fall in IQ, neurotic disturbance and depression all
had significantly lower serum folic acid levels than the rest of the population, and the children with
neurotic disturbances and depression had significantly lower red cell folate values. The relationship
between folic acid metabolism and the neuropsychiatric disturbances is discussed in the light of
these findings.

For some years there has been a growing interest
in the association between folic acid abnormali-
ties and neuropsychiatric symptoms. Particular
attention has been focused on observations that
subnormal levels of serum folic acid are
frequently found in epileptic patients, particularly
those taking phenytoin.1 Patients with anticonvul-
sant-induced folate deficiency associated with
neuropsychiatric illness such as dementia, or a
schizophrenia-like psychosis have been described,
who have responded to folic acid therapy.2 3
Further observations have shown that epileptic
patients with abnormal mental states are more
likely to have folate deficiency than those with-
out,4 and the lowest levels are seen in patients
with psychosis and dementia.' All the studies on
epileptic patients to-date have been on adults, and
apart from giving an overall psychiatric diagnosis
little attempt has been made to quantify the
behaviour observed. In addition the majority of
papers have only reported on serum folic acid
levels, although Reynolds et a15 studied both
serum and red cell folate levels in epileptic
patients with psychiatric distubances and found
that the red cell values were also disturbed. In
order to explore this problem further a study was
undertaken on a population of children with
epilepsy resident at a hospital school. Serum and
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red cell folate was estimated, as were the serum
anticonvulsant levels. Attempts were made to
evaluate the relationship between folic acid
abnormalities and neuropsychiatric abnormalities.

Materials and methods

The investigation was carried out on 312 of 314
epileptic children resident at Lingfield Hospital
School. The majority were on anticonvulsant therapy
with two or more drugs. They received a neuro-
psychiatric examination and the presence of psycho-
motor slowing, depression and distractability was
noted. These were scored on a four-point rating
scale. In the analysis of the results a score of 0 to 1
was regarded as indicating that the abnormality was
absent, and a score of 2 or 3 (that is moderate or
severe) that it was present. Prior to the main study,
a pilot study was carried out on 40 children to test
the inter-observer reliability of these clinical ratings.

Additional information on the neuropsychiatric
status of the children was obtained by two methods.
First, the resident psychologist provided information
on the IQ of the children. Of the 312 children, 204
had received more than one estimate of their IQ, and
a small group whose IQ had actually deteriorated
while they had been resident at the school were
detected. The criterion for "fall in IQ" was a fall of
greater than 10 points on two estimates of IQ (WISC
or equivalent) done at an interval of more than one
year. In addition, behaviour was rated using the
Rutter A and B scales., These scales, the reliability
and validity of which have been tested elsewhere,3
were scored in the standard way and provided esti-
mates of behaviour deviance. Taking established cut-
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off points it was possible to select a group of children
rated as deviant, and, by analysing the individual
items, the deviance was scored as either neurotic
disorder or conduct disorder.6 Neurotic disorder
refers to behaviour where abnormality was manifest
by symptoms of anxiety, depression, obsessions, com-
pulsions or phobias. On the questionnaire children in
this category would tend to provoke a reply of "yes"
to such questions as "worries about many things" or
"tends to be fearful or afraid of new things or situa-
tions". Conduct disorder is used to describe situations
where anti-social symptoms, such as stealing, truant-
ing, destructiveness and lying are prominent.
An early morning blood sample was taken in the

fasting state on a date as near as possible to the
neuropsychiatric examination. Serum folic acid was
assessed by radio-immunoassay (Bio-Rad Laboratories,
Quanta-count Folate Radioimmunoassay). For red
cell folate values, a 1 in 20 dilution of whole blood
was made in a 1% solution of ascorbic acid and the
whole blood folate estimated. The results were then
determined by applying a correction factor based on
the haematocrit as measured on the Coulter Counter
Model S.

Results

The inter-observer reliability between two exam-
iners for the clinical neuropsychiatric estimates
were: distractability 97 5%, psychomotor slowing
79-5%, and depression 87-2%. This percentage
agreement was satisfactory for the criteria to be
included in the main study. Of the 312 children
examined 219 were males and 287 were over the
age of 10 years. Forty per cent of the children
had an IQ greater than 70, the mean full-scale
IQ of the total sample was 66-2 (± 18-8). The
mean verbal and performance subscales, available
on 244 children were 71P7 (± 15-6) and 73-6
(± 204) respectively. The percentage of children
with the neuropsychiatric abnormalities were
9 9% with distractability, 19-2% with psycho-
motor slowing and 5-1 % with depression. Of the
204 children who had more than one estimate of
their IQ, 31 (15-2%) were found to have an IQ
fall of greater than 10 points. In the majority of

children the fall was greater than 15 points,
(range 10 to 48); 26-3 % of the sample were
scored as having neurotic disturbance, and
42-3% as having conduct disturbance.
The mean serum folic acid levels for the whole

population was 3-73 jLg/l and the mean red cell
folate was 48&45 g/ll. Serum values of less than
3 iLg/l were recorded in 48% of the sample, and
a red cell folate of less than 50 gg/l was recorded
in 69-0% of the total. Only 4-2% of the children
had red cell levels greater than 100 iLg/l. The
Pearson correlation coefficient between the red
cell folate and serum folate was r=0-54 (n=293)
p<0-00l. The mean red cell and serum folic
acid values for the patients with neuropsychiatric
abnormalities compared to the group without
neuropsychiatric abnormalities are shown in
table 1. This indicates that children with neurotic
disorder, depression and fall in IQ have signifi-
cantly lower mean serum folic acid levels than
children without these disorders. In addition
those with neurotic disorder and depression have
significantly lower red cell folic acid levels than
the rest of the children.
The normal red cell folate value for patients

without epilepsy or known disorders of folate
metabolism was 99 19 jug/l + 49-58. All the
results given in table 1 are significantly lower
than these values (p<0-001). These controls were
from 96 patients aged 15-65 years, who had
attended a general medical clinic.
There was no relationship between serum levels

of phenytoin, phenobarbitone, or primidone, and
the red cell folate levels, but children being pre-
scribed phenytoin were over-represented in the
group with serum folate values <2 ng/ml. (X=
15 1 2 DF p<0 001).

Discussion

Several studies of both epileptic and non-epileptic
patients with psychiatric disturbances have indi-
cated a relationship of the latter to abnormalities
of folate. These studies, summarised in table 2,

Table 1 Mean serum and red cell folic acid levels (,ug/l ± standard deviations) in children with
neuropsychiatric abnormalities

Neurotic disorder Conduct disorder Depression
Serum Red cell Serum Red cell Serum Red cell

Present 3-0±1.6* (38) 42-1±19.2*(38) 3-2±3-2(54) 439±328(53) 2-9±0-9t(15) 37-1±15-5t(15)
Absent 3-9±4-5 (217) 49-7±44-1 (218) 3-7±4-0 (167) 50-0±45-2 (168) 3-7±4-1 (279) 49-0±41-1 (279)

Fall in IQ Slowing Distractability
Serum Red cell Serum Red cell Serum Red cell

Present 3 0±1 3t (29) 45 9±22-0 (29) 4-6±5-8 (59) 53-3±43-5 (59) 3-5±1-4 (27) 50 0±37 0 (27)
Absent 39 ±4 4 (227) 48 4±43-4 (227) 3-5 ±3-3 (235) 47-1 ±39-4 (235) 3-7±4-1 (265) 48-2±40-7 (265)

*p < 0 05. tp < 0 01. t test result (present v absent).

G
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Table 2 Summary of studies on the relationship of folic acid to psychiatric illness

Author Population No Serum folate RBCfolate Whole blood folate

Reynolds et al (1969)4 Various Epileptic adult 51 Reduced
Jensen and Olesen (1970)18 "Deteriorated" Epileptic adult 34 Reduced Normal
Callaghan et al (1969)10 Psychosis Epileptic adult 40 Reduced
Snaith et al (1970)11 Various Epileptic adult 37 Reduced
Reynolds et al (1971)5 Psychoses, behavioural,

affective disorders Epileptic adult 52 Reduced Reduced
Hurdle and Picton Williams (1966)12 Elderly without motivation Adult 18 Reduced
Carney (1967)13 Various Adult 423 Reduced
Hunter et al (1967)14 Mental patients Adult 75 Reduced
Ibbotson et al (1967)15 Mental hospital patients Adult 48 Reduced
Shulman (1967)16 Elderly psychiatric patients Adult 59 Reduced
Hallstrom (1969)17 Mental patients Adult 84 Reduced Normal
Jensen and Olesen (1969)9 Psychoses, neuroses, Adult 29 Reduced Normal

dementia
Karicks and Perry (1970)19 Psychiatric inpatients (many

epileptic) Adult 411 Reduced
Kallstrom and Nylof (1969)20 Psychiatric patients Adult 115 Reduced
Reynolds et al (1970)7 Depression Adult 101 Reduced
Reynolds et al (1971)5 Psychoses, behaviour and

chronic affective disorder Adult 30 Normal Reduced
Sneath et al (1973)21 Dementia Adult 14 Reduced
Carney and Sheffield (1978)22 Psychiatric hospital

admissions Adult 272 Reduced
Thornton and Thornton (1978)23 Psychiatric inpatients Adult 269 Reduced

indicate the following. First, a relationship
exists between the receiving of anticonvulsant
drugs, in particular phenytoin, and a low serum
folic acid. There is usually a good correlation
between the red cell and the serum folate levels1
suggesting a relationship between the former and
the taking of anticonvulsant drugs. Secondly, in
adults with epilepsy who have psychiatric disturb-
ances the serum and red cell folate are
abnormally low. Mean serum values for the
affected patients range from 1-8 eg/l to
4-14 jig/l, and although no specific diagnosis is
implicated it generally seems that the patients
who are more severely psychiatrically disturbed,
particularly the psychotic and demented, are
those with the lowest mean values. Further,
abnormally low levels are noted in both in-patient
and out-patient studies,5 suggesting that the
association is not solely due to hospitalisation.
Thirdly, a relationship has been shown between
low serum folic acid levels and psychiatric dis-
turbances in patients who do not have epilepsy.
The studies indicate that psychiatric patients tend
to be significantly over-represented in the groups
with very low serum folic acid levels, although
in one study mean serum folic acid levels in
psychiatric patients did not differ from normal
controls.5 Again for the non-epileptic population
no particular psychiatric diagnosis is implicated,
although a relationship between folate deficiency
and higher scores on a depression rating scale has
been reported.7
The results presented here are in accordance

with the results of other workers indicating low

serum folate values in patients with epilepsy.
Although there have been other studies on
epileptic children indicating that they are
susceptible to anticonvulsant-induced folic acid
deficiency,8 this is the first study of the associa-
tion between folate deficiency and neuro-
psychiatric disturbances in children. As with the
studies in adults there is a relationship between
a low serum folic acid and neuropsychiatric dis-
orders, in particular a fall in IQ, neurotic dis-
turbances and depression. The findings of a low
serum folic acid in patients with a fall in IQ
conforms to the findings in adult patients of low
serum values in patients who have dementia. The
fact that not all behaviour disturbances measured
here appear to be associated with a low serum
folate is interesting. As reported elsewhere
conduct disorder appears more highly associated
with early brain damage; and psychomotor slow-
ing with increased seizure frequency (Trimble and
Corbett-in preparation).
With regard to the red cell folate estimations

few other studies have been conducted. Whole
blood folate has been reported by some to be
normal in epileptic patients with psychiatric
abnormalities,9 although Reynolds et al,5 whose
own work did show a fall in red cell folate values
in adult epileptic patients with psychiatnic illness,
suggested that the results of Jensen and Olesen'18
were in fact below the lower limit of normal.
The red cell folate values reported here for the
whole population are low compared to control
values, and the means of the patients with neuro-
psychiatric disturbances are all below that which
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one would expect for other populations. In parti-
cular, patients with neurotic disturbances and
depression have significantly lower values than
the rest. The results for the fall in IQ group,
although lower, are not significant.
As indicated in table 2, nearly all studies

in this field suggest a relationship between low
folate and psychiatric disturbances in both epilep-
tic and non-epileptic patients: the exact role of
this deficiency in the development of neuropsy-
chiatric disturbance in non-anaemic patients is,
however, still a matter of debate. It seems clear
that for some patients the deficiency may arise
from either nutritional disturbances, or as a side
effect of receiving certain drugs, in particular
anticonvulsants. Indeed in this study we con-
firmed the relationship between low serum folate
values and the prescription of phenytoin. How-
ever, nutritional deficiency from poor diet does
not explain all the findings23 and the main ques-
tion is whether the abnormalities of folic acid
metabolism discovered are in any way causal
in the production of neuropsychiatric distur-
bances. Reynolds' view is that "severe folate
deficiency gradually leads to apathy, depression,
social withdrawal and ultimately dementia.' He
supported this with observations that treatment
with folic acid leads to increased drive, alertness
and improvement of mood in epileptic patients
with folic acid deficiency.3 However, several
double-blind studies have been conducted of folic
acid in epileptic patients with measurement of
mood states, all of which have failed to show
any change up to a period of six months.'7 24
These results have been criticised by Reynolds"
who claimed that most of them were conducted
on deteriorated epileptic patients for an inade-
quate period of time. While changes in serum
folic acid may be seen within a period of six
months, it takes considerably longer for replace-
ment to occur in the central nervous system.
Our studies suggest that for the group of

epileptic patients we have studied folate defi-
ciency may be observed at an early age. It is
possible to relate low levels of both serum and
red cell folate to patterns of neuropsychiatric
illness, especially fall in IQ, depression and
Deurotic disorder. Epilepsy, in particular severe
epilepsy which has started in childhood, tends to
require treatment over many years, so that it is
likely that the children studied will continue their
anticonvulsant drugs, and thus have folic acid
deficiency through to adulthood. It is suggested
that some of them will be susceptible to develop
neuropsychiatric complications as a consequence
of this. Folic acid deficiency may be a link in

a chain of deficiencies which ultimately result
in disturbances of neurotransmitter function
leading to the abnormalities described, since folic
acid probably plays a role in central monoamine
metabolism.' Alterations of monoamine activity
can produce dramatic changes in the mental
state,25 which link may explain some of the rela-
tionship between folate deficiency and neuro-
psychiatric symptoms.
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