
Total-body potassium and lean-body mass
were estimated in 21 male patients at a state
mental hospital. Seven of these had an abnormal
sex chromosome complement: XXI' in three,
xYY in two, and XXYY in two. The remainder
had a normal chromosome analysis. In the
group of patients with chromosome abnormali
ties considered as a whole, the total-body potas

sium and the lean-body mass were significantly
less than in the â€œnormalâ€•males and they were
not significantly different from the correspond
ing values for healthy females. Within the
group, abnormally low levels of total-body po
tassium and significantly reduced values for
lean-body mass occurred amongst the 47,XXY

and the 48,XXYY males. For both 47,XYY
males, the values were not significantly different
from the predicted normal values for men.

Differences between the sexes with respect to the
total-body content of potassium and the lean-body
mass are well established. It was of interest, there
fore, to initiate a pilot study to examine whether
males with different types of chromosome intersex
exhibited differences from males of normal karyo
type.

PATIENTS AND METHODS

The patients examined were 2 1 male inmates of a
state mental hospital, 7 of whom had an abnormal

numberof sex chromosomes.Of theseseven,three
(127/69, 358/67, 19/66) had a totalof 47 chro
mosomes, the additional one being an X (47,XXY),
two (82/70, 123/65) had a total of 47 due to an
extra Y (47,XYY), and two (379/67, 11/61) had

both an extra X and an extra Y making a total of 48
(48,XXYY). All of the five men with extra X chro
mosomeshad testicular atrophy and varying degrees
of anomalous development of secondary sexual char

acteristics. One of these men (358/67) also suffered
from congestive cardiac failure due to rheumatic
aortic and mitral valve disease and had previously
had a partial gastrectomy for peptic ulceration. At
the time of this investigation, he was digitalized on
digoxin (0.75 mg daily). This patient has since died
of acute cardiac failure.

Patients at the state hospital are mentally ill or
psychopathic with dangerous, violent, or criminal
propensities and are detained under conditions of

maximum security. Three of the 14 men with normal
chromosomes were also epileptic. A high proportion
were receiving psychotropic drugs chiefly of the
phenothiazine group and usually in combination with
orphenadrine to counteract Parkinsonian side effects.
Epileptics were also receiving anticonvulsant ther
apy. None of these patients was receiving or had
been given either androgen or estrogen therapy.
Additional clinical data on Patients 11/61 and
123/65 are publishedelsewhere(1) and on other
patients are available at the M.R.C. Registry of Ab
normal Karyotypes*. Total-body potassium was
measured using the MERLIN mobile whole-body
radioactivity counter (2) and the techniques de
scribed previously (3) . The results were compared
with â€œnormalâ€•values estimated from the height and
age and from the height, weight, and age of the
patient and expressed as lean-body mass using re
gression equations derived elsewhere (4) . Total-body
water was determined by the tritium method and
expressed as lean-body mass using the Pace-Rathbun
relationship (5) : lean-body mass (kg) = total-body
water (liters) Â± 0.73. Skinfold thicknesses were
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gm KAgeHf, Age TBW gm KSkinfold Hf, Wt

measured over four sites : biceps, triceps, subscapu
lar, and suprailiac and used to calculate body density
(6) from which percentage body fat, and hence lean
body mass, were derived using the relationship of
Sin (7) . Lean-body mass was also estimated from
the patient's height and weight (8).

RESULTS

The karyotype, age, height, and weight of each
patient and a summary of the results are given in
Table 1. In the group of patients with chromosomal
anomalies, the measured total-body potassium was
significantly less than the estimated normal male
values from weight, height, and age (t = 3.57, p <
0.02) and from height and age (t = 3.17, p < 0.02).
In four of the sevenpatients,the individual meas
ured value was significantly less (p ( 0.001 ) than
the normal male value, in three of these cases being
less than both normal values estimated from height,
weight, and age and from height and age. Table 2
compares the measured total-body potassium with
the normal values for healthy control females (4)
of corresponding height, weight, and age. The meas
ured values for the whole group of male patients
were not significantly different from the estimated

normal female values (p > 0.05). In patients 27/69,
379/69, and 11/61 , the individual measured values
are not different from the normal female value but
in the remaining individuals the measured value is
greater (p < 0.05 ) than, at least, one or other of
the corresponding normal female values.

Of the 14 patients of normal karyotype, the meas
ured total-body potassium of 4 individual patients
was significantly greater (p < 0.05) than one or
other of the estimated normal male values. In re
spect of age, height, diagnoses, and therapy this
group of four did not differ from the remaining con
trols. One, Patient 20, was, however, clinically obese.

The relevance of the observations will be discussed
later. In the remaining patients, individually and col
lectively, there was no significant difference between
the measured and normal total-body potassium (p>
0.05).

Lean-body mass estimated by the four methods
is also given in Table I . The values, with the excep
tion of that from total-body water in Patient 5, which
was technically unsatisfactory, were intercompared.
Lean-body mass estimated from the measurements
of skinfold thicknesses was consistently and signifi
cantly (p < 0.001 ) higher than estimates from the

TABLE 1. DATA FOR MALE PATIENTS WITH NORMAL AS WELL AS ABNORMAL
SEX CHROMOSOME COMPLEMENTS

27/69
358/67

19/66
82/70

123/65
379/69
11/61
8
9

10
11

12
13
14
15
16
17
18
19
20
21

xxY
xxY
xxv
xvv
xvv

my
xxvv
N
N
N
N
N
N
N
N
N
N
N
N
N
N

1733
175.0
171.9
179.7
178.1

188.0
194.8

171.3
170.0
170.1
176.2
179.8
157.8
177.5
155.3
172.1
1723
187.3
167.7
1738
181.4

67.5
80.0
73.5
92.4
61.0
97-5
68.5
69.5
64.5
67.5
79.0
85.5
70.0
74.0
70.0
67.0
83.5
83.0
63.0
92.0
72.0

40 102.2
48 130.9
57 121.8
32 143.7
45 129.5

27 126.8
27 1303
43 154.6
21 133.4
29 151.1
32 171.3
47 141.2
48 130.2
46 140.2
39 140.2
31 150.8
22 151.9
31 171.0
40 129.3

32 177.4
34 146.4

136.0$
145.7
131.1
171.4$
133.6
189.911
172.111
133.1@
1371
136.2
154.0
157.9
112.7
1444
128.6
137.6
158.1

173.4
123.5
162.8
153.6

137.4t

137.1
127.2
152.9
144.6
172.0$
186.111
131.3
137.0
134.1
145.6'
147.4
101.4'

143.0
122.5
137.5
142.2

169.0
125.0
1403$
1553

43.4
55.2
49-3
56.8
57.0
59.5
48.5
58.8
50.7
54.4
69.5
59-5
53-3
57-5
47.9
566
46.3
69.9
49-3
64.4
62.6

47-7
53-3
51.5
553
53.0
52.5
53.2
57.8
53.7
57.2
61.1
52.2
53.1
55.0
55.1
57.1
57.3
61.0
52.9
62.2
56.2

53-3
653
55.4
68.9
55-9
69.5
57j
60.1
53.0
583
68.0
67.5
55.3
61.4
55.6
59-4
59.9
70.0
53.6
694
62.9

54.6
60.0
56.6
66.4
33.1

70.6
60.6
54.8
52.4
53.6
59.9
63.5
51.4
58.3
53.6
54.0
60.8

64.5
51.2
64.6
58.5

N = Normal TBK= Total-body potassium statistical significance of differences between
measured and normalâ€•TBK.

S= p < 0.05
t = p < 0.01
* = p < 0.005
II= p < 0.001
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TABLE 2. DATA FOR MALE PATIENTS WITH AN ABNORMAL SEX CHROMOSOME COMPLEMENT

27/69
358/67

19/66
82170

123/65
379/69

11/61

xxv
m
xyy
xvv
xxvv
my

1733
175.0
171.9
179J
178.1
188.0
194.8

67.5
80.0
73-5
92.4
61.0
97.5
68.5

40 43.4
48 55.2
57 49.3
32 56.8
45 57.0
27 59.5

27 48.5

102.2
130.9
121.8
1433
129.5
126.8
1303

136.0'
1457
131.1
171.4'
133.6
189.9'
172.1'

137.4'
137.1
127.2
152.9
144.6
172.0'
186.1'

109.4
114.9
105.3'
131.9
1073'
143J
132.8

1093
109.0'
102.2'
120.0'
113.9
132.4
141.3

LBM = Leon-body mass.
TBK Total-bodypotassium.
a Normal values estimated from height, weight, and age.
b = Normalvaluesestimatedfromheightandage.
* = Significantly different from measured TIE (p < 0.05).

other methods, the mean differences being 5.3, 5.7,
and 27 kg over the total-body water, total-body
potassium, and height and weight methods respec
tively. Differences between the total-body water
method and both total-body potassium and height
and weight methods were not significantly different.
The significant difference (p < 0.05) between the
latter two methods disappeared when patients were
excluded whose height or weight were outwith the
control population for that method. For the purpose
of normalizing body potassium to lean-body mass,
the values from the total-body water measurements
have been taken.

DISCUSSION

A relatively small number of patients with chro
mosomal anomalies were included in this initial study
but it was not obvious at the outset that the study
was even practicable in the circumstances. Certainly
the measurement of total-body potassium was possi
ble only because the mobile whole-body monitor
could be sited within the confines of the hospital
grounds. Further, patients with the chromosomal
anomalies of interest are comparatively rare. The
findings are, therefore, considered preliminary but,
as far as we are aware, even these few observations
are unique.

Total-body potassium. To decide whether a meas
ured value for total-body potassium lies within the
normal range is generally problematical because nor
malization with body weight or body water embodies
the possibility that these parameters themselves are
aberrant in the clinical disorder or individual patient.
Obesity, edema, and starvation are obvious influ
encing factors in relation to body weight in particu
lar. For this reason our normal values and ranges
were derived from separate regression equations

(4) correlatingtotal-bodypotassiumwith (A) height,
weight, and age and (B) with height and age only, as
height aberrations are less common. Whether the
measured total-body potassium is, or is not, abnor
mal can then be assessed on a more balanced basis.
In three of the patients (27/69, 379/69, and 11/61)
of abnormal karyotype the measured total-body po
tassium was less at a highly significant confidence

level (p < 0.01 to < 0.001 ) than both estimated
normal male values. The deficits ranged from 34â€”45
gm K, which are remarkably large. Further, the val
ues for gm K/kg lean-body mass tend to be low de
spite the tendency of the lean-body mass to be low
also. In each of these same cases, respectively, of
xxY, xxYY, and XXYY karyotype, the measured
total-body potassium was not different (p > 0.05)
from the normal value in females. Although the meas
ured total-body potassium in Patient 82/70 of XYY
karyotype, was significantly less than the normal
male value estimated from height, weight, and age,
it wasnot different from the normal value from height
and age. This patient's weight was about 14 kg more
than the mean for a subject of this height, his lean
body mass (from total-body water) was 61 .4% of
his body weight, which was lower than the mean
value in healthy controls (4) of 81 .8% , whereas
the value of 2.53 gm K/kg lean-body mass was essen
tially the same as the control mean of 2.52 gm K/kg
lean-body mass. These observations suggest that the
excess body weight in this patient was largely obesity
tissue and the discrepancy between the measured and
estimated normal male value is an anomalous con
sequence. There is suggestive evidence, therefore,
that in some patients of XXY and XXYY karyotype
total-body potassium is subnormal and corresponds
more closely to that of females of the same body
habitus and age. There was no firm evidence, how
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the mean weight for his height. The relatively low
value of 70% for his lean-body mass also suggests
the influence of obesity tissue, particularly when the
estimatesof lean-bodymassby the differentmethods
were in fair agreement. The value of 2.75 gm K/kg
lean-body mass is at the higher end of the normal
range and would tend to support the significance of
the high measured total-body potassium.

Lean-body mass. The methods of estimating lean
body mass gave results in reasonable agreement with
the striking exception of the skinfold thicknesses.
This latter technique gave estimates almost invari
ably higher than by the other methods, the differ

ences being highly significant statistically (p <
0.001 ) . Reasons for this finding are not clear. The
measurementsof skinfold thicknesseswere made by
only one person,who had considerableexperience
with the technique. The reproducibility of measure
mentsof skinfoldthicknessby this observercan be
described by saying that the standard deviation of

the mean difference between paired measurements
of the skinfold thickness, made on separate occa

sions,expressedas a percentageof the mean of the
dimension concerned@ (15) lay between 1.6% and
3.6% according to the site of measurement. Some
patients' ages exceeded those of the control popula

tion from which the relevant correlation of skinfold
thicknesses and body density, and hence lean-body

mass, was derived (6) . Even when these patients

were excluded from the analysis, however, the dif
ferences remained highly significant (n = 11, p <
0.01 ) . An explanation we cannot exclude is that
the skinfold thickness correlation, which was derived
in healthy controls, is not equally valid in, at least,
the present patients.

The mean values of lean-body mass (percent body
weight) , estimated from total-body water, were in
tercomparedin thepatientswith chromosomalanom
alies, in the patients of normal karyotype, and in
healthy male controls (4) . The mean in the patients

of abnormal karyotype, excluding Patient 123/65

whose total-body water estimate was technically un
satisfactory, was significantly lower (p ( 0.05) than

in the patients of normal karyotype and both means
were significantly lower than that in the healthy male

controls (p < 0.05) . As the total-body potassium
levelsin the patientsof normal karyotypewere not
different from normal, and presumably the lean-body
masses(kg) were correspondingly normal, the lower
percentage of body weight may simply reflect a

greater proportion of obesity tissue in these patients

than in our normal series. In the patients of abnormal
karyotype, the still lower percentage values may
have a similar explanation coupled with the influence
of the low total-body potassium values, which would

ever, that this was so in patients of XYY karyotype.
This finding is consistent with the known hypo
gonadal status and lower than average testosterone
levels of males with extra X chromosomes ( 1 ) , and
the reported normal testosterone levels of males with
the 47,XYY karyotype (9â€”12). The normal body
potassium in two males with the 47,XXY karyotype
is also consistent with the overlap that occurs in body
habitus and evidenceof hypogonadismbetweenmales
with this karyotype and normal XY males. It is of
interest that in the case of Patient 358/67 the XXY
karyotype even in the presence of cardiac failure

and on treatment with digoxin, both of which have
potassium-lowering effects, the total-body potassium
was not significantly reduced below the normal. Other
evidence is in course of publication to show that inpersonsofXXYkaryotypesomecharacteristics
tending towards the female phenotype appear. These
are first, mean values of the biacromial diameter and
the associated androgyny score which are interme
diate between those expected in XX women and
xY men. The androgyny score was computed by
Tanner ( 13) as a discriminant function to estimate
femininity in men or masculinity in women. It sepa
rates normal men and women fairly well, with XXY
men lying between. Secondly, the mean span-height

ratio in XXY men is the same as that found in nor
mal women in whom span approximates more closely
to height than it does in normal men. Thirdly the
metacarpal cortex is significantly thinner in XXY
compared with XY men, the values corresponding
more to those expected in women ( 14) . In Patients
8, 11, 13, and 20 who were patients of normal kary
otype, the measuredtotal-body potassiumwas appar
enfly significantly greater than the normal values
estimated from one or other relationship but not

both. The lean-body mass in Cases 8 and 11 was
a relatively high proportion of the body weight, which
would be compatible with and explain the above
normal total-body potassium measured in these pa

tients. In Patient 13, the lean-body mass was a

similar percentage of the body weight as the mean
in healthy controls (4) but, as his body weight
was about 6 kg above the mean for his height, the
value of lean-body mass as a percentage may be
misleadingly low accordingly. Certainly the value of

gm K/kg LBM was unexceptional and it might be,
therefore, that his situation is similar to that of Pa
tients 8 and 11. The measured total-body potassium
would seem to be higher than the normal value from
height and age in Patient 20. It can be argued that
the weight, height, and age relationship would tend

to overestimate the normal values and hence not
show a significant difference with the measured value
because this patient was some 18 kg heavier than
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be associated with a smaller absolute lean-body mass
(kg).

Although this was a preliminary study, there was
evidence suggesting that in some male patients with

47,XXY and 48,XXYY karyotypes the total-body
potassium and lean-body mass were more similar to
those in healthy female controls than in males. In two
males with a 47,XXY karyotype there was no differ
ence from normal men. Further investigation is re
quired and projected.

ACKNOWLEDGMENTS

We are grateful to A. K. Macrae and his colleagues at
the State Hospital, Carstairs for the opportunity to investi
gate these patients, and to H. W. Wilson for his interest and
encouragement. The study was supported, in part, by a
grant from the Scottish Hospital Endowments Research
Trust, which is gratefully acknowledged.

REFERENCES

1. JACOBS PA, PRICE WH, CouxT BRowN WM, Ct al:
Chromosome studies on men in a maximum security hos
pital. Ann Hum Gene: 31: 339â€”358, 1968

2. BODDYK: A high sensitivityshadow-shieldwhole
body monitor with scanning-bed and tilting-chair geometries,
incorporated in a mobile laboratory. Br I Radiol 40: 631â€”
637, 1967

3. BODDY K, KING PC, TomILL P, et ab: Measurement
of total body potassium with a shadow-shield whole-body
counter: calibration and errors. Phys Med Biol 16: 275â€”
282, 1971

4. BODDYK, KING PC, HUME R, et al : The relation of
total body potassium to height, weight and age in normal
adults. I Cliii Pathol 25: 512â€”517,1972

5. PACEN, RATHBUNEN: Studieson bodycomposition.
III. The body water and chemically combined nitrogen con
tent in relation to fat content. I Biol C/tern 158: 685â€”691,
1945

6. DURNIN JVGA, RAHAMAN MM : The assessment of
the amount of fat in the human body from measurements
of skinfold thickness. Br I Nutr 21 : 681â€”689,1967

7. SIRI WE: University of California Radiation Labora
tory Report 3349. Berkeley, Calif. : Donner Laboratory of
Biophysics and Medical Physics, 1956

8. HUME R, WEYERS E: Relationship between total body
water and surface area in normal and obese subjects. I Clin
Pathol24: 234â€”238,1971

9. HUDSON B, COGHLAN JP, DULNAIS A: Testicular func
tion in man. Ciba Foundation Colloquium on Endocrinol
ogy, vol 16, Boston, Little, Brown and Co, 1967, pp 140â€”153

10. ISMAIL AAA, HARKNESS RA, LORAINE JA, et al:
Urinary testosterone excretion in subjects with various sex
chromosome abnormalities. Acta endocrinol [Suppi] (Kbh)
119: 51, 1967

11. RUDD BT, GALAL OM, CASEY MD: Testosterone cx
cretion rates in normal males and males with an XYY corn
plement. I Med Gene: 5: 286â€”288, 1968

12. PRICE WH, VAN DER MOLEN HJ : Plasma testosterone
bevels in males with the 47,XYY karyotype. I Endocrinol
47: 117â€”122,1970

13. TANNER JM: Current advances in the study of phy
sique. Lance: 1: 574â€”579,1951

14. MILNE JS, LAUDERIJ, PRICE WH : Unpublished data,
15. TANNERJM,WEINERJS:Thereliabilityof thephoto

grammetric method of anthropornetry with a description of
a miniature camera technique. Am I Phys Anthropol 26â€”27,
145â€”186,1967

452 JOURNAL OF NUCLEAR MEDICINE




