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The extent of muscle disease encountered at a
given level of clinical hyperthyroidism varies from
mild subjective weakness to severe disabling my-
opathy (1). Inconstancy and variable severity of
muscle involvement point to some factor apart
from the thyrotoxic state per se in its genesis. The
possibility that exhaustion of tocopherol stores is
the critical variable is raised by analogy between
the dystrophic morphologic changes, increased
oxygen consumption, hypercreatinuria, and de-
pletion of muscle creatine which accompany thy-
roid hormone excess in animals and man (2-6),
and similar alterations due to tocopherol deficiency
in rodents (7-11). The mechanisms of these
changes are not established, but there is evidence
that in both hyperthyroidism (12-14) and tocoph-
erol deficiency (15, 16) impairment of high energy
phosphorylations results in uncontrolled release
of energy derived from biological oxidations.

The possibility of tocopherol depletion in thyro-
toxicosis is supported by evidence of accelerated
turnover of other vitamins (17), cholesterol (18),
and calcium (19) in hyperthyroidism. Increased
tocopherol requirement in the hyperthyroid state
is suggested by susceptibility of chicks given ex-
cess thyroid hormone to vitamin E deficiency (20).
Of further interest are the reports of prevention of
thyroxine induced creatinuria in rats (21) and
children (22) by a-tocopherol. These considera-
tions stimulated the present survey of the concen-
tration of tocopherols in sera of patients with thy-
roid disease.

METHODS

Subjects. Observations were made on 115 persons
classified as follows:

a. Twenty-nine consecutive patients in whom the diag-
nosis of Graves' disease was made on clinical grounds
and supported by measurement of basal metabolic rate,
24-hour thyroidal uptake of radioactive iodine and, in

1 Supported in part by a grant from the United States
Public Health Service (A-849).

most cases, determination of the serum concentration of
protein bound iodine.

b. Five patients with active Graves' disease by the
above-noted criteria who received specific antithyroid
therapy within two weeks prior to the first tocopherol
determination.

c. Eighteen consecutive patients who were clinically
hypothyroid and in whom the above-mentioned tests of
thyroid function supported the diagnosis. This group
includes one patient receiving methimazole, two patients
with spontaneous primary hypothyroidism, and fifteen
who developed myxedema after I' treatment of hyper-
thyroidism or, in one case, heart disease.

d. Thirty random normal subjects, judged to have no
significant medical or surgical illness by history, physi-
cal examination, and routine laboratory screening con-
sisting of Hinton test, hemoglobin determination, chest
roentgenogram, and urinalysis.

e. Thirty-three individuals in the euthyroid state but
not otherwise normal. Nineteen had received treat-
ment for hyperthyroidism in the past, one had hepatic
cirrhosis, one Hodgkins' lymphoma, one a nodular goiter,
and one was in the terminal phase of amyotrophic lateral
sclerosis. Three members of this group had diabetes
mellitus, and the remaining seven coronary artery or
hypertensive vascular disease.* In calculating the mean
serum tocopherol concentration of the overall euthyroid
group, i.e., normal controls plus euthyroid patients with
various disorders, the ten patients with diabetes and
vascular disease were excluded because they had obviously
high levels.

Characterization of the major groupings as to age, sex,
height, and weight is summarized in Table I. With
the exception of eight thyrotoxic patients and two hypo-
thyroid ones who were hospitalized, all subjects were am-
bulatory and on self-determined diets.

Tocopherol determinations. The concentration of total
free tocopherols in serum was measured by the method
of Quaife and Harris (23) as modified by Quaife and
Biehler (24). It consists of hexane extraction of 5 ml.
of alcohol precipitated serum, palladium catalyzed hydro-
genation of the extract for one minute at 20 pounds pres-
sure, and a timed determination of the reduction of ferric
ion using the color of the iron a-a-dipyridyl complex as
indicator. This method, though not specific, yields re-
sults which agree to within 5 per cent with bioassays
(23). In the present study, duplicate analyses were
made on different days with a simultaneous standard
curve accompanying each group of 10 unknowns. The
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TABLE I

Sex, age, height, and weight of subjects grouped according to thyroid status

Age (years) Mean Mean
% height weight

Group Number Males Mean Range cm. Kg.

Hyperthyroid 29 7 43.7 (18-77) 159.0 53.9
Normal 30 33 42.7 (19-68) 160.8 66.1
Overall euthyroid 53 25 44.9 (19-75) 158.7 64.0
Hypothyroid 18 11 49.5 (28-73) 158.2 61.6

first 53 consecutive duplicate samples deviated 6.2±4.4
per cent from the average of the two samples. The per
cent, as well as absolute differences, tended to be great-
est for high values, particularly those over 2.0 mg. per
cent. Differences between the first samples and their
duplicates analyzed after one to 77 days in the frozen
state were not significant. Recovery of 10 to 60 ,g. of
dl-a-tocopherol from serum or reconstituted dried human
plasma in 16 determinations was 97.2 ± 3.1 per cent. Hy-
drogenation of vitamin A and ,B-carotene was complete in
15 seconds. Crystalline cholesterol in amounts equivalent
to serum concentrations of 0 to 1,200 mg. per cent did not
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modify the 15-second color density of the tocopherol
standards. Iodide in concentrations of 1,000,ug. per cent
modified the standard curve, but 100pg. per cent did not.
Also, I' labelled sodium iodide added to serum was not
extracted into the hexane solvent. Thyroxine in con-
centrations up to 100 pg. per cent did not modify the color
reaction.

Miscellaneous determinations. Basal metabolic rates
were determined by the thyroid laboratory technicians us-
ing a Roth-Benedict apparatus. Protein bound iodine was
determined by the method of Barker (25). The uptake of
radioactive I' twenty-four hours after a 10 to 20 micro-

7OCOPHEROLCONCENTRATION(mg.%)

FIG. 1. FREQUENCYDISTRIBUTION OF THE CONCENTRATIONOF TOCOPHEROLSIN THE SERUMOF PATIENTS GROUPED
AccORDING TO THEIR STATE OF THYROID FUNCTION

Class intervals equal 0.1 mg. per cent.
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curie dose was determined with 3-scintillation detectors
placed on a 30 cm. diameter circle. The concentration of
cholesterol in serum was determined in the hospital labora-
tory using the method of Bloor and Knudson (26).
Blood samples for tocopherol and cholesterol determina-
tions were drawn at random times in view of the ap-
parent constancy of cholesterol (27-29) and tocopherol
(30) levels throughout the day. The symbol ± precedes
the standard deviation within the observed population.
A statement of significance implies a P value of less
than 0.001. Linear correlations of two variables are
based on Pearson's product moment coefficient.

RESULTS

1. Distribution of serum tocopherol concentrations
in hyperthyroidism and hypothyroidism

The mean tocopherol concentration in 29 pa-
tients with active untreated Graves' disease was
0.74 ± 0.20 mg. per cent, compared with a mean
value of 1.20 ± 0.22 mg. per cent for the 30 nor-
mals and 1.21 ± 0.23 mg. per cent for the group
of 53 patients in the euthyroid state. The 18 hy-
pothyroid patients presented with a mean level of
2.29 ± 0.38mg. per cent. The differences between
the hyperthyroid patients, hypothyroid patients and
euthyroid group are all significant (P = < .001).
The frequency distribution of tocopherol levels
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FIG. 2. THE MEANCONCENTRATIONOF TOCOPHEROLS
IN THE SERUMOF INDIVIDUALS GROUPEDAccoRDING TO
METABOLIC STATE

The distance between the two short vertical bars
represents, in each case, two standard deviations.

among these 100 patients is given in Figure 1, and
the mean concentrations for the various popula-
tions in Figure 2. Five patients with active
Graves' disease who had received treatment either
in the form of iodides or antithyroid drugs within
two weeks of the initial tocopherol determinations
had serum tocopherol concentrations which were
not significantly different from the euthyroid
group.
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FIG. 3. RELATIONSHIP BETWEENCONCENTRATIONOF TOCOPHEROLSIN SERUMAND
BASAL METABOLIC RATE
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2. Correlation between serum tocopherol level and
metabolic state
Having defined low and high serum tocopherol

levels in patients with hyperthyroidism and hypo-
thyroidism, respectively, an attempt was made to
appraise the extent to which the tocopherol con-
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centration parallels the metabolic state of the pa-
tient. In the absence of an accurate direct index
of level of metabolism, the correlations between to-
copherol level and basal metabolic rate, serum pro-
tein bound iodine (PBI) and 24-hour radioactive
iodine uptake, respectively, were examined. Figure
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3 is the scattergram of all of the 116 instances in "Z" transformations of these coefficients indicate
which tocopherol level and BMRwere deter- a probability of less than 0.001 in each case.
-mined on the same day. The coefficient of corre-
lation was - 0.593. The coefficient of correlation 3. Correlation between tocopherol and cholesterol
for 116 paired values of tocopherol and PBI was concentrations in serum
-0.653 (Figure 4), and for 65 pairs of simul- The fat solubility of tocopherols and the well
taneous tocopherol determinations and 24-hour established inverse relationship between metabolic
radioactive iodine uptake - 0.682 (Figure 5). level and serum lipid concentration, particularly

TABLE II

Correlation of serum tocopherol and serum cholesterol concentrations compared with correlation of serum
tocopherol concentration ih indices of thyroid function

Hypo- and hyperthyroid subjects
Maximum pairs (aUl subjects) under treatment

AZ AZ
No. "r"* Zt SEA P No. sr" Z SEA P

Tocopherol and 116 +0.801 1.102 +.0941 56 +0.790 1.071 + .1374
cholesterol
compared with:

Tocopherol and 101 -0.653 0.780 41010 2.331 <0.02 56 -0.717 0.902 .1374 0.871 >0.33
PBI >0.01

Tocopherol and 116 -0.593 0.682:E.0941 3.158 <0.005 56 -0.736 0.941 E .1374 0.205 >0.50
BMR >0.001

Tocopherol and 65 -0.682 0.833:4.1270 1.702 <0.10 Not analyzed I
tracer t >0.05

* Pearson's product moment coefficient.
Fisher's "Z" transformation.
Twenty-four-hour uptake of Im.
Tracer data exCluded because patients receiving treatment.

SERUMTOCOPHEROLCONCENTRATION
AND CHOLESTEROL

(116 Cases)
R-0.801 Ps<O.OOI *

.t @; * *0

.~ ~ ~ * *'S
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TABLE III

Clinical and laboratory data and serum tocopherol concentration in patiens with untreated toxic diuse goiter

Dura. Weght 24-hr.
tion loss Height Weight BMR PBI 1-131 Cholesterol Tocopherol

Pt. Sex Age mos. Severlty* Kg. Weaknesst cm. Kg. % a. % uptake mg. % mg. %

A. F. F 43 S + 0 0 156.2 52.9 +28 11.7 83 380 1.14
B. G. F 41 30 ++ 8.2 + 166.5 55.7 +61 66 0.74
C. E. F 36 9 +++ 6.8 +++ 154.7 36.1 +60 14.9 77 183 0.54
C. T. M 64 12 ++ 5.4 + 162.8 59.8 +44 9.2 55 198 0.80
C. B. F 22 4 ++ 4.0 + 172.3 69.7 +63 14.3 74 183 0.81
C. T. M 31 12 +++ 11.4 + 168.8 48.4 +54 16.9 46 210 0.57
D. M. F 63 36 +++ t + 150.5 49.2 +42 17.7 87 211 0.75
D. A. F 54 24 ++ + 154.3 41.8 +29 68 257 0.86
D. L. F 52 24 + 4.1 + 163.4 66.9 +21 85 0.96
D. M. F 35 ? + 0.0 0 146.0 47.2 +27 8.9 77 321 0.87
F. A. F 52 5 ++ 3.6 + 165.1 75.7 +37 12.1 70 185 0.52
F. D. F 31 12 +++ T + 57.2 +25 11.8 64 182 0.53
F. M. F 53 36 ++ 21.4 + 157.1 45.1 +36 10.6 66 264 1.04
G. C. F 52 6 + t + 156.5 S5.6 +22 12.1 79 0.98
H. B. F 37 10 +++ 16.8 + 157.4 56.1 +46 69 130 0.34
H. M. F 40 3 + 9.1 + 161.1 51.8 +48 12.3 88 221 1.09
H. D. F 31 6 ++ $ ++ 162.7 47.6 +29 10.5 68 0.72
H. M. F 38 12 ++ $ + 154.7 34.1 +19 10.8 67 0.57
K. G. F 67 24 ++ 31.8 ++ 161.5 47.5 90 0.82
K. B. F 25 3 + 3.6 0 +15 5.4 50 0.82
K. A. F 24 5 +++ 22.2 + 161.7 67.9 +41 12.0 84 137 0.52
L. E. F 38 6 ++ t + 43.2 78 0.64
L. A. F 61 18 +++ 36.4 + 157.4 42.8 +72 13.4 72 247 0.82
M. N. F 18 24 ++ t +11 76.2 +55 9.8 51 169 0.48
M. E. F 77 12 +++ t +++ 40.0 12.1 69 143 0.68
P. M. F 49 12 ++ 0.0 ++ 165.0 89.0 - 4 8.3 60 222 0.67
R. I. F 53 12 + 4.1 + 156.4 53.9 +34 12.8 70 238 0.62
R. D. F 52 84 +++ 0.0 +++ 158.0 47.3 + 8 12.8 67 195 0.52
S. H. F 37 12 + § + 151.3 52.9 +19 10.5 69 215 0.94

* One plus: mild; two plus: moderately severe; three plus: severe.
t 0: weakness not a significant symptom; +: weakness present but not a dominant feature;

subjectively and objectively marked and labelled "thyrotoxic myopathy."
t Lost weight, but amount unspecified.
§ Gained 3.2 Kg.

Atrophy of humeroscapular muscles.

cholesterol, prompted inquiry into the manner in
which tocopherol and cholesterol concentrations
were correlated. The coefficient of correlation was

+ 0.801 for 116 paired values spanning a range of
130 to 492 mg. per cent for cholesterol and 0.34
to 3.07 mg. per cent for tocopherol (Figure 6).
This degree of correlation is greater than for maxi-
mumpaired correlations of serum tocopherol con-

centration with the PBI, BMR, and possibly the
24-hour thyroidal uptake of I'll (Table II). In
patients with hyperthyroidism and hypothyroidism
under treatment, 56 sets of simultaneous to-
copherol, BMR, PBI, and cholesterol determina-
tions disclosed no significant difference between
the correlations of tocopherol concentration with
each of the other variables (Table II).

4. Correlation between serum tocopherol concen-

tration and obesity or leanness

A critical difference between thyrotoxic, eu-

thyroid, and hypothyroid groups is the body

+ + +: weakness

weight, thyrotoxic subjects generally being under-
weight, hypothyroid patients tending to obesity.
To test the bearing of weight status on tocopherol
levels, members of the euthyroid group were
ranked as to per cent departure from standard
weight (31, 32) for the given height, neglecting
age. The range of deviation from standard weight
was - 29 per cent to + 97 per cent. Rank cor-
relation with tocopherol concentration was not
significant ("r" = + 0.173), indicating that body
weight does not in and of itself account for the
group differences. In addition, ten subjects pre-
senting a clinical picture suggestive of possible
thyrotoxicity but shown by test to be in a euthyroid
state, had a mean tocopherol concentration of
1.240 ± 0.32 mg. per cent. This group included
one patient with a 30 Kg. weight loss achieved by
an 800 to 1,000 calorie diet over a 19-month pe-
riod. At the end of this period, the tocopherol
level was 1.07 mg. per cent. Other cases in point
are those of an uncontrolled diabetic who lost 9.1
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TABLE IV

Response of serum tocopherol conentrations to treatment of hyperthyroidism

BMR PBI Cholesterol Tocopherol
IntervalStatu*% mg. % mg. % mg. %

Interval Status
since Rx. post- Pre- Post- Pre- Post- Pre- Post- Pre- Post-

Pt. Rx. (weeks) RH. Rx. Rz. Rx. Rx. Rx. RH. Rz. RH.

B. G. 1-131 11 H +61 -15 2.4 360 0.74 2.16
C. T. METt 7 H +54 +27 16.9 1.3 210 334 0.57 1.60
D. A. 1-131 7 H +29 -21 2.3 257 390 0.86 1.51
H. D. KC1O4 13 H +29 -22 10.5 1.0 423 0.72 1.95
H. M. MET 15 H +19 -16 10.8 1.3 254 0.57 1.45
P. M. 1-131 17 H - 4 -24 8.3 4.0 222 327 0.67 1.68

C. B. MET 7 E +63 + 3 11.7 7.3 183 0.81 1.16
C. E. 1-131 30 E +60 - 7 14.9 4.7 183 284 0.54 1.11
D. M. MET 7 E +27 +11 8.9 4.3 321 252 0.87 1.11
F. M. 1-131 22 E +36 - 5 10.6 3.6 264 330 1.04 1.63
G. C. I-131 10 E +22 - 6 12.1 5.8 244 0.98 1.16
H. B. 1-131 8 E +46 -15 6.4 130 290 0.34 1.49
K. G. I-131 17 E 3.8 270 0.82 1.12
L. A. 1-131 10 E +72 13.4 2.7 247 372 0.82 1.66
R. I. 1-131 7 E +34 12.8 5.1 238 283 0.62 1.13
S. H. KCl04 11 E +19 -20 10.5 4.4 215 241 0.94 1.12

C. T. MET 3 T +44 +19 9.2 8.4 198 198 0.80 0.82
D. M. I-131 8 T +42 +55 17.7 20.0 211 234 0.75 0.72
F. D. 1-131 9 T +25 11.8 10.9 182 0.53 0.68
K. A. PTUt 4 T +41 +29 12.0 137 0.52 1.01
M. N. 1-131 15 T +55 9.8 11.3 169 162 0.48 0.64

* H: hypothyroid.
E: euthyroid.
T: still toxic.

t Methimazole.
t Propylthiouracil.

Kg. in 3 months and had a serum tocopherol con-
centration of 1.90 mg. per cent, and one patient
with an anorexia nervosa-like syndrome whose
tocopherol level was 1.21 mg. per cent notwith-
standing an 18.2 Kg. weight loss over a 7-month
period. Furthermore, analysis of the clinical fea-
tures of the thyrotoxic group, vide infra, disclosed
low serum tocopherols in patients who were
grossly obese.

5. Relation between clinical status and tocopherol
levels among thyrotoxic patients
Analysis of the thyrotoxic patients as to age,

sex, duration of illness, extent of weight loss,
clinical estimate of the severity of thyrotoxicity and
prominence of muscular weakness yielded no
clue upon which to base predictions of tocopherol
level with complete confidence. However, from
inspection of Table III it appears that, in general,
patients with severe Graves' disease have the low-
est levels (0.3 to 0.8 mg. per cent), while those
with mild or relatively asymptomatic forms of the

disease tend to values approaching normal, e.g.,
0.8 to 1.1 mg. per cent. Noteworthy exceptions
to these generalizations are patient L. A. with very
severe disease and a tocopherol concentration of
0.82, and patient R. I. who had a level of 0.62 but
was essentially asymptomatic. It is clear that
weight loss as such is not the critical variable.
Thus, very low values of 0.52, 0.67, 0.62, and 0.52
were observed in patients F. A., P. M., R. I., and
R. D., respectively, in none of whomweight loss
was striking. Indeed, of these patients F. A. and
P. M. were grossly obese, weighing 75.7 and
89.0 Kg., respectively. In three thyrotoxic indi-
viduals (C. E., M. E., and R. D.), muscular weak-
ness and atrophy were dominant clinical features.
All three had very low tocopherol levels, 0.54,
0.68, and 0.52 mg. per cent, respectively. One pa-
tient, M. N., with distinct shoulder girdle atrophy
which had no apparent explanation other than her
thyrotoxic state, was quite well preserved as to fat
deposits (weight, 76.2 Kg.) and had a low serum
tocopherol of 0.48 mg. per cent.
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TABLE V

Response of serum tocopherol concentation to treament of hypothyroidism

BMR PBI Cholesterol Tocopherol
Dumtion_%% mg. % mg. %

Duration
of Rx. Pre- Post- Pre- Post- Pre- Post- Pre- Post-

Pt. Rx. (wveeks) Rx. Rx. Rx. Rx. Rx. Rx. Rx. Rx.

B. A. T-3* 14 -21 - 2 3.4 0.4 335 251 1.92 0.83
D.A. T-3Ac.t Ij -30 + 2 1.0 339 418 2.42 1.48
G. D. T-3 12 -26 - 4 2.7 410 184 2.43 1.01
H. D. T-3 6 -22 +25 1.0 2.1 423 220 1.95 0.69
P. G. D. T.$ 6 -41 -10 2.6 491 293 2.34 1.20

* T-3 5 dl-triiodothyronine.. T-3 Ac. - triiodothyroacetic acid.
D.T. - desiccated thyroid.

6. Response of tocopherol concentration to change
in metabolic state
In 21 of the 29 thyrotoxic patients, determina-

tions were available after treatment with radio-
active iodine (13 cases) or antithyroid drugs (8
cases). Ten of the 21 follow-up determinations
were made when the patients had reached a eu-
thyroid state, and, in 6 instances, after progres-
sion to mild to marked hypothyroidism. Of the
remaining 5 patients who were still thyrotoxic, 3
were definitely improved. With the exception of
the two patients who were unchanged clinically
after treatment (C. T. and D. M.), there was a
rise in tocopherol level in response to correction of
the hyperthyroid state. As noted in Table IV,
this ranged from a minimum of an 18 per cent in-
crease in patient G. C. who had a normal level to
begin with, to a 340 per cent increase 8 weeks after
Il3 treatment and return to the euthyroid state in
patient H. B.

The responses of 5 hypothyroid patients to
treatment with thyroid hormones are recorded
in Table V and portrayed graphically in Figure 7.
In each case there was a definite fall in the serum
tocopherol concentration to normal levels, or, in
the one case in which the patient became thyro-
toxic on treatment with dl-triiodothyronine
(H. D.), to subnormal levels. The acuteness of
the drop in tocopherol concentration is illustrated
in Figure 8, which depicts the course of one pa-
tient with classical, spontaneous myxedema during
the daily intravenous administration of triiodo-
thyroacetic acid.2

2Prepared by Dr. Rosalind Pitt-Rivers. The author
appreciates the permission of Dr. Jacob Lerman to re-
port these data.

In both thyrotoxic and hypothyroid groups,
swings in tocopherol level corresponding to meta-
bolic state were paralleled by changes in the con-
centration of serum cholesterol. This relationship
was established in the preceding analysis in which
a coefficient of correlation of + 0.801 was noted
for all pairs. The imperfections in this correla-
tion are of special interest, as in the case of the
above cited patient treated with triiodothyroacetic
acid, whose serum cholesterol rose with restoration
of metabolism to normal while the tocopherol con-
centration fell (Figure 8). Conversely, in thyro-
toxic patient D. M., an initial abnormally high
serum cholesterol level decreased upon return to
a normal metabolic state and tocopherol concen-
tration.

DISCUSSION

These observations indicate a strong inverse
relationship between levels of thyroid function
and the concentration of total free tocopherols in
serum. This disagrees with the stated conclu-
sions of a recent study (33) of 16 individuals with
suspected thyroid dysfunction in whom no such
correlation was noted. However, low tocopherol
levels were noted in 3 out of 8 patients with basal
metabolic rates of + 10 or over, and in 2 of these
3 cases, increases in tocopherol concentration were
observed during medical treatment of hyper-
thyroidism. It is likely that expansion of this
series and application of discriminating tests of
thyroid function would have yielded conclusions
in keeping with those of the present report. The
report of a high level in one hypothyroid child
(34) is in accordance with the observations re-
ported here.
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The mean concentration of tocopherol in the
sera of thyrotoxic patients is significantly low by
normal standards set in all studies in which the
method of Quaife and Harris was used (23,
35-40), as well as in relation to the internal con-

trols. In the present series, serum levels of more

than 1.2 mg. per cent rule out untreated Graves'
disease, and a concentration of less than 1.7 mg.

per cent is inconsistent with the diagnosis of hy-
pothyroidism. Since low serum tocopherol levels
occur in humans with absorption defects (35, 41),
non-specific under-nutrition (36), and kwashi-
orkor (42), it is conceivable that low values ob-
served in the thyrotoxic group relate to a deficit
in absorption or diet. These are unlikely major
factors in view of the isocaloric status of some

patients, the lack of correlation between tocopherol
level and weight, and the absence of steatorrhea
and stigmata of other vitamin deficiencies. Simi-
larly, low levels observed in some patients with
liver disease (40, 43) raise the possibility that the
thyrotoxic effect is mediated via deleterious in-
fluences on liver function. This mechanism can-

not be excluded, but is not likely without more

obvious marks of hepatic insufficiency associated

with cases of liver disease in which low tocopherol
levels were found.

Strong positive correlation between concen-

trations of total cholesterol and tocopherols in
serum shows that the fat-soluble tocopherols share
the reciprocal relationship of serum lipid concen-

trations and levels of thyroid activity (44-46).
On the other hand, alteration of tocopherol con-

centration with the total lipid compartment or one

or more of its components is obviously not criti-
cally or uniquely related to thyroid function in
view of hypertocopherolemia with various hyper-
cholesterolemic disorders (41), and the rise in
serum tocopherol levels in pregnancy (39), and
in patients with diabetes mellitus who have high
serum cholesterol concentrations (47). This gen-
eral close association of tocopherol levels with
concentrations of cholesterol in serum is borne out
by greater correlation between cholesterol and
tocopherol levels than between specific indices of
thyroid function and tocopherol levels in the over-

all population sampled.
Occasional dissociation of cholesterol and to-

copherol concentrations is of theoretical interest,
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and is pertinent to the possible usefulness of the
serum tocopherol concentration as a laboratory
adjunct in appraising metabolic state. Where thy-
roid activity appears to dictate the rate of syn-
thesis as well as the degradation and excretion of
cholesterol (18, 48), it is not surprising that cho-
lesterol levels are occasionally elevated in hyper-
thyroidism (as in cases A. F. and D. M.) or that
cholesterol concentration rises rather than falls
during acute correction of hypothyroidism (as in
case D. A. cited in Figure 8). Regulation of to-
copherol concentration, on the other hand, would
be determined primarily by intake, absorption,
and rate of disposal without a component of syn-
thesis in the equilibrated state. These examples
of discrepancy between cholesterol and tocopherol
concentration argue against the possibility that the
observed changes are actually determined by the
cholesterol content of serum.

It is impossible on the basis of serum concen-
tration of tocopherols alone to estimate total to-
copherol stores, aberrations in their metabolism,
or the physiologic significance, if any, of the
changes observed. It is fair, however, by analogy
with low tocopherol levels in tocopherol depleted
animals (49) and the fate of other metabolites in
hyperthyroidism, to speculate that the low serum
levels reported here reflect accelerated degrada-
tion of body tocopherol stores. Direct demonstra-
tion that this is so waits upon turnover studies or
measurement of the total daily excretion of end
products of tocopherol metabolism (50). With-
out such data one cannot exclude the possibility
that the changes in tocopherol concentration re-
flect a direct effect of metabolic state on trans-
port of tocopherols in serum, or an indirect one
mediated by alterations in other lipids. Similarly,
the physiologic impact of a depleted tocopherol
supply must be appraised in terms of effects of
tocopherol on the course of the thyrotoxic muscle
lesion. In this connection, beneficial effects of
long term therapy with oral tocopherols have been
reported in 4 of 6 patients with Graves' disease
(51). On the other hand, in an acute experiment
with one subject, two days of treatment with to-
copherols, including the phosphate ester intra-
venously, was accompanied by increased thyro-
toxicity and weakness (52). However, the non-
specific inhibition of many enzyme systems by the
phosphate (15), in a fashion seemingly unrelated

to the vitamin action of tocopherol, could account
for the adverse effects noted in this case.

There is no recognized lesion in man comparable
to any of the tocopherol deficiency syndromes of
animals, even in the aforementioned disorders in
which low tocopherol levels have been shown.
However, the hypermetabolism and possible in-
creased tocopherol requirement of patients with
toxic diffuse goiter results in a unique state. It
remains reasonable to suggest that the thyrotoxic
patient may provide the situation par excellence in
which to find a human tocopherol deficiency state
expressed as an acute reversible muscular
dystrophy.

CONCLUSIONS

The concentration of total free tocopherols in
serum is inversely related to the level of thyroid
function in patients with thyroid disease. In toxic
diffuse goiter, the concentrations are lowest among
patients with severe disease, but emaciation as
such is not a critical variable. Abnormalities in
serum tocopherol content of thyrotoxic and hypo-
thyroid patients generally parallel alterations in
cholesterol level and are uniformly reversed upon
restoration of normal metabolic state. Tocopherol
concentrations are not critically correlated with
clinical estimates of the extent of muscle disease
in individual patients. Nonetheless, the possi-
bility that human thyrotoxic myopathy is the ana-
logue of vitamin E deficiency muscular dystrophy
in animals merits further consideration.
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Addendum
Since submission of this manuscript, there has

appeared a report of low tocopherol concentra-
tions in the plasma of 6 hyperthyroid patients and
high levels in 10 hypothyroid individuals com-
pared with the control group of 7 normal subjects.
(Costa, A., Cetini, G., Monteferrario, P., and Vol-
terrani, O., Sulle possibili interferenze della Vita-
mina E con la struttura e la funzionalita tiroidea.
Vitamina E: Atti del terzo Congresso Internazio-
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nale Venezia 1955. Verona, Valdonega, 1956, p.
233.)
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