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Increased Serum Calcium and Phosphorus with the â€˜¿�Switch'
into Manic or Excited Psychotic States

By JOHN SCOTT CARMAN, ROBERT M. POST, DEBORAH C. RUNKLE,
WILLIAM E. BUNNEYJR. and RICHARD JED WYATT

SUMMARY Small but statistically significant increases in Serum total
calcium and serum inorganic phosphorus coincided with repeated
onsets of psychotic agitation or mania in nine psychotic in-patients
experiencing rapid cycles of illness. These increases were not accom
panied by changes in magnesium or other constituents, which might
suggest non-specific haemoconcentration. Similar increases in calcium
or phosphorus were not present in patients without the same cycles of
psychotic illness. The observed increases could neither be simulated nor
altered by stress or activity, and it remains unclear whether they.
might be accounted for by dietary changes, sleep disruption, circadian
phase shifts or by endocrine alterations.

This report summarizes results of longitudinal
determinations of serum calcium and phos
phorus in a group of psychotic in-patients
undergoing repeated episodes of acute psychotic
agitation. The considerations which prompted
this study, reviewed in detail elsewhere (Carman
and Wyatt, 1977; Carman et al, 1974 and 1977;
Jimerson et al, 1976), include: (a) periodic
psychoses with paramount affective or catatonic
symptoms are occasional complications of
primary disorders of calcium metabolism,and
psychiatric symptoms commonly abate following
medical or surgical restoration of normal
calcium balance; (b) experimental reduction of
CSF calcium concentration in animals pro
duces hyperactivity, hyper-irritability, hyper
sexuality, insomnia, and anorexia, while in
creases in CSF calcium are associated with
hypersomnia, hypoactivity, and lethargy; (c) on
a neuronal level, reductions of extracellular
calcium could account for several of the
alterations in central neuronal function, either
postulated or demonstrated in mania; (d)
decreases in CSF calcium concentration are
noted with antidepressant responses to ECT
(Carman et al, 1977); (e) CSF calcium is lower
during manic than depressed phases in manic

depressive patients subject to rapid cycles of
illness (Carman and Wyatt, 1977; Carman et a!,
1974;Jimersonet al, 1976; Weston and Howard,
1922) and lower in catatonic excitement than
stupor (Ueno et a!, 1961); (f) increases in the
concentrations of serum total calcium have been
reported during both spontaneous or drug
induced switches into mania or catatonic
excitement (Carman et al, 1974; Weston and
Howard, 1922; Ueno et al, 1961; Henry and
Ebeling, 1925; Speijer, 1950; Fischback, 1971).
The present study examines whether recurrent
onsets of excited psychotic states are accom
panied by alterations in calcium and related
serum parameters.

Methods
Data were collected from nine in-patients,

residing at the National Institute of Mental
Health facilities at Saint Elizabeths Hospital in
Washington, D.C. and at the Clinical Center in
Bethesda, Maryland. The patients were aged 20
to 60 years, of either sex, free of diagnosable
endocrine or metabolic disorder, and met the
criteria of Spitzer et al (1975) for primary
affective, schizoaffective, or schizophrenic
psychosis. Further, the most salient char
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acteristic of their psychoses was frequent,
abrupt, and spontaneous shifting between two
or more dramatically different mental states
(e.g. from euthymia or depression into mania;
from lucidity or stupor into catatonic excite
ment) with a complete cycle taking place at
least once every three months. The primary
focus of this study was on the rhythmicity and
periodicity, rather than the descriptive char
acteristics of the illnesses. Paired biochemical
comparisons were made between consecutive
phases only when patients were medication-free
or on identical medications during both phases,

i.e. data were excluded from any cycle in which
neuroleptics, thymoleptics, or lithium were
administered during only one phase.

Fasting bloods were drawn at least twice
weekly at 7.30 a.m. and sera were analyzed the
same day for concentrations of total calcium,
magnesium, and inorganic phosphorus. Total
serum calcium and magnesium were measured
by atomic absorption spectrophotometry (Goch
man and Givelber, 1970), by a technician
unaware of the patients' clinical state. The
normal range of serum total calcium by this
method was 4.40 to 5.30 mEq/l and the co
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FIG 1.â€”Increases in serum total calcium (A) and serum inorganic phosphorus (B) during â€˜¿�switches'into mania or
excitement. For each of nine patients studied, a diagonal line connects the mean of all values obtained during the
five days just preceding (N) switches with the mean of all values obtained on or for five days following the same switch days.
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efficient of variation for laboratory error (CV)
was 2.0 per cent. Magnesium had a normal
range of 1.40 to 2.00 mEq/l and a CV of 2.2 per
cent. Serum inorganic phosphorus was deter
mined by colorimetry (Amador and Urban,
1972) with a normal range of 2.4 to 5.0 mg per
cent and a CV of 2.6 per cent.

Ratings were performed twice daily by
trained nursing research teams, unaware of the
patients' chemistry values, and employing either
a 15-point global Mania Rating (Bunney and
Hamburg, 1963) or a 36-point composite score
reflecting psychotic agitation (Green ci al,
1977). For each patient, a chronological series
of such ratings was then analyzed, and â€˜¿�switch'
days (d0) into episodes of psychotic agitation or
mania were selected by an investigator unaware
of the patients' chemical data. (d0) was arbi
trarily defined as that day during the onset of
abrupt exacerbation of psychotic illness when
the absolute value of the Mania rating exceeded
two or the Psychotic Agitation score was

-5 :@J@
Day to Switch

greater than six. Serum data were analyzed by
a two-tailed paired-t comparison of the mean for
each patient of all serum values obtained
during five days just prior to the switch with the
mean of values from (d0) to five days following
the switch, with (N) switches studied for each
patient. N equals the number of switches for
each patient from which at least one pre- and
one post-switch (manic or excited) value was
available.

Results
For every patient studied, the mean serum

total calcium increased with the switch into
mania or excitement. Eight of nine patients
showed a similar increase for serum phos
phorus. No changes of significance were found
using the same paired comparison for serum
magnesium. (Fig 1).

The increases in serum calcium and phos
phorus appeared temporally related to the
switch and did not remain elevated throughout
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FIG 2A.â€”A composite representing the time course of changes in serum total calcium during the â€˜¿�switch'. Days preced
ing (â€”)and following (+) the switch (0) are represented in chronologic order, from left to right along the abscissa.
For each day, a vertical bar represents the MEAN Â±SEM of the individual means of (N) patients. Here, N

represents the number of patients on whom values were available for each day in this sequence.
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FIG 2 Bâ€”A composite representing the time course of changes in serum inorganic phosphorus during the â€˜¿�switch'Days
preceding (â€”) and following (+) the switch (0) are represented in chronologic order, from left to right along the

abscissa. For each day, a vertical bar represents the MEAN Â±SEM of the individual means of (N) patients. Here, N
represents the number of patients on whom values were available for each day in this sequence.

the excited psychotic state. That is, a paired
comparison of the means for each patient of all
manic versus all depressed serum values
revealed no statistically significant state
associated differences. (Fig 2).

While such increases were present in a clear
majority of individual switches, they were not
present in all switches studied. As an alter
native method for analysis of these data, mean
differences between consecutive serum values
during behaviourally stable periods were com
pared, for each patient, with mean differences
when a switch intervened between blood
drawings. Changes between consecutive values
were significantly (P <.05, paired-t test) greater
when a switch intervened (.18 Â±.05 mEq/1

calcium and .35 Â±.11 mg per cent phosphorus)
than when there was no alteration in psychic
state (â€”.04 Â±.02 mEq/l calcium and â€”¿�.07 Â±.04
mg per cent phosphorus). Thus it is unlikely
that progressive increases of serum calcium and
phosphorus over the course of the period in
hospital could explain these findings.

Discussion
Our data suggest that recurrent abrupt

onsets of manic or psychotic agitation are
associated with transient increases in serum
calcium and phosphorus. These increases could
be state-related epiphenomena, rather than
evidence of a more central role for calcium and
phosphorus in the â€˜¿�switch'process. We have
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examined other data from our laboratory as well
as the work of other investigators in an attempt
to understand the importance of calcium and
phosphorus in patients undergoing cyclic ill
nesses.

Serum phosphorus values in ten newly
hospitalized acutely psychotic patients, not
showing cycles of illness, were significantly
lower (P -< .001, Student's t-test) than those
of the nine patients with cyclic conditions during
the acutely psychotic or â€˜¿�postswitch' phase of
their illness (Carman, Astrada and Wyatt,
unpublished). The same group comparison
revealed no significant differences in calcium
between these two groups. Thus, acute psychosis

- seems an unlikely cause of the transient increases

of serum phosphorus which we report.
The increase in serum calcium coincides

with the abrupt behavioural, change and the
phosphorus increase may even precede the
â€˜¿�switch'.This time course makes it- seem less
likely that the increases observed are the result
of profound behavioural changes. Nevertheless,
there are variables which need further dis
cussion.

Since periodic, non-specific emotional â€˜¿�stress'
or psychobiological reactivity â€¢¿�tostress may
cause a transient mild reduction in serum
calcium (Malm, 1958), rather than the increase
we report, stress is unlikely to account for our
findings. -

Although variation in locomotor activity.may
affect serum calcium and phosphorus, evidence
suggests that the changes produced are the
opposite of those we have observed. For
example, a reduction in plasma calcium has
been associated with recovery from immo
bilization (Potts and Deftos, 1969) and thirty
minutes' vigorous calisthenics were followed by
decreased serum phosphate (from 3.74Â± .09
mg per cent to 3.42 Â±.l5 mg per-cent; p <.001)
but no significant change in calcium in a group
of nine male, schizophrenic patients, not
showing cycles of illness (Carman, Nasrallah
and Wyatt, unpublished). -

Periodic idiosyncratic dietary preferences
capable of mimicking the serum changes we
report (e.g. disproportionate intake of phos
phate, magnesium, protein, vitamin D, or
calcium (McBean and Speckman, 1974)) are

occasionally seen in this patient group. Evidence
that serum ions as well as cyclic behavioural
disturbances thay â€˜¿�beinfluenced by diet is
provided by the finding of Richter ci a! (1940)
that administration of pharmacological doses of
calcium and a synthetic vitamin D analogue
dihydrotachysterolâ€”abolished 40-day â€˜¿�mood
cycles in a -single patient with presumptive
hypoparatbyroidism. Conversely, in a case of
primary periodic psychosis with no diagnosed
endocrine disorder, dietary calcium restriction

. postponed or abbreviated previously regular

episodes of periodic -psychosis (Speijer, 1950).
- Similarly, Snowdon et al (1976) emphasized the

psychiatricimportance of constancy in calcium
supplementation in hypoparathyroid patients.
More rigorous dietary controls are desirable in
future studies, although these may be difficult
to maintain in an often erratic and unpredict
able patient population.

Sleep disruption frequently precedes or
accompanies periods of psychotic agitation and
might contribute to the serum calcium and
phosphorus rises in such episodes. Bojanovsky et
a!(1974)reportan increase(.08mEq/l;P <.05)
in serum calcium on the first morning following
one night's sleep deprivation. However, this was
not replicated in our own experience with this
procedure (Gerner et a!, 1975). When four of the
current nine patients with rapid cycles of illness
were studied during the same clinical state,
(either depressed or excited) spontaneous in
somnia (nocturnal sleep less than one hour, as
determined by 30 minute nurses' sleep checks)
was followed by a significant increase in serum
totalcalcium(.26Â±.05mEq/1; P <.01)butnot
phosphorus,when compared tonightswithsix
or more hours sleep.

Similarly, in the current study, the degree of
sleep loss at the switch correlated (r = 0.74;
P <.10) with the magnitude of increase in
calcium, but not in phosphorus. Thus, three
different, kinds of evidence suggest that sleep
loss may be associated with increases in serum
calcium.. However, substantial sleep loss, re
corded by nurses' checks, -did not precede all
switches in which we observed the described ion
changes. Objective measurements with, sleep
EEG monitoring are needed to dissect more
precisely the relative roles of sleep loss and
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abrupt switches into excited psychotic states in
the observed calcium increases.

Abrupt phase shifts in circadian rhythms of
several physiochemical parameters have been
described at the time of the switch (Wehr and
Goodwin, 1975). Since, in normals the range
of circadian variation in both serum total
calcium and serum inorganic phosphorus would
be sufficient to account for the majority of the
increases seen (Jubiz et al, 1972), such a phase
shift could account for our findings. However,
our data on state-related changes in diurnal
variation of serum calcium or phosphorus
concentrations are too preliminary to warrant
generalization.

In normals, marked increases in serum
calcium are associated with slightly increased
CSF calcium (Graziani et al, 1965). In contrast,
the transient periodic increases in serum
calcium reported here may trigger more
enduring decreases in CSF calcium during
psychotic agitation or mania (Carman and
Wyatt, 1977; Carman et al, 1974;Jimerson et al,
1976; Weston and Howard, 1922; Ueno et al,
1961), perhaps by release of calcitonin (Stecol
nikov, 1969) suppression of the parathyroids
(Merritt and Bauer, 1931), or some other
process.
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