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SERUM LIPOIDS AND PROTEINS IN HYPERTHYROIDISM *

By E. B. MAN, E. F. GILDEA, anp J. P. PETERS

(From the Departments of Psychiatry and of Internal Medicine, Yale University, School of
Medicine, New Haven, and the Medical Service of the New Haven Hospital, New Haven)

(Received for publication August 2, 1939)

It has been stated frequently that the level of
serum cholesterol is as valuable an index of hyper-
thyroid activity as the basal metabolic rate. An
examination of the literature, however, reveals
controversial material to support this dictum.
The present study was undertaken to determine
how closely the level of serum cholesterol is re-
lated to the degree of thyroid activity and whether
it is a useful criterion in the diagnosis of hyper-
thyroidism. It was thought of importance also
to know if changes in the level of serum choles-
terol after the administration of iodine might help
in diagnosis in those questionable hyperthyroid
patients whose basal metabolic rates do not re-
spond to the ingestion of Lugol’s solution. In
addition to the cholesterol, basal metabolic rates,
serum fatty acids, phosphatides and proteins of
65 patients with symptoms of hyperthyroidism
have been determined at frequent intervals to
learn: (1) whether there is an inverse relation-
ship between basal metabolic rate and serum
cholesterol, lipoid phosphorus, fatty acids and pro-
teins; (2) if these serum constituents increase
when the basal metabolic rate falls after the ad-
ministration of iodine; and (3) if thyroidectomy
always increases these components. The data on
only 43 patients are presented in the tables be-
cause the other 22 patients were not completely
studied. There were about 430 samples of blood
sera in which the three lipoid fractions and pro-
teins were determined during the 3 or more years
that many of the patients have been followed.

Hurxthal, Hunt and co-workers have studied
the largest group of patients (23, 24, 25, 26, 38).
Although they have employed a cholesterol colori-
metric method described by Bloor in 1922, their
results are reliable because they have devoted con-
siderable attention to normal values. They have
placed the low limit of normal for their method
at 120 mgm. per cent, and the high limit at 300

1This work was aided in part by a grant from the
Knight Fund, Yale University School of Medicine.
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mgm. per cent (26). In the study of patients
with hyperthyroid disease these authors have
found cholesterol values in a large majority of pa-
tients which were close to their low limit of nor-
mal. The rest of the values were distributed
about equally on both sides of this figure (23).
These authors have considered the possible effect
of malnutrition on the serum cholesterol and have
decided that it is of minor importance (23).
They conclude that serum cholesterol is low in
hyperthyroidism and that there is a relation be-
tween the severity of the disease and the level of
cholesterol (23). Recent studies by Boyd indi-
cate that total lipoids and phospholipids, as well as
cholesterol, tend to be low in hyperthyroidism (7,
8, 9, 10, 11). Thus these recent studies on a
large number of patients support the view that
severe degrees of hyperthyroidism are usually as-
sociated with low levels of serum cholesterol (4,
16, 41, 45, 47).

It is, however, probable that there are a con-
siderable number of patients with severe hyper-
thyroidism who do not have low serum cholesterol
or other fractions of the lipoids. A number of
workers have reported that in patients with hyper-
thyroidism the blood or serum cholesterol may be
within normal limits (1, 3, 15, 28, 30, 44, 52), or
sometimes high (17, 22, 29, 39, 40, 51). That
there is no clear-cut relation between basal metab-
olic rate and cholesterol is probably due to many
factors. Inaccuracies and differences in methods,
failure to choose relatively clear-cut examples of
hyperthyroidism or to study enough patients, ac-
count for some discordant results. Furthermore,
in evaluating data, such factors as state of nutri-
tion and hemoconcentration and the condition of
the nervous system of the patients have been
neglected.

Most of the previous workers have measured
only one form of blood lipoid, usually total choles-
terol. The problem of cholesterol methods is an
old and controversial topic. This matter has been
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discussed by the authors (36) in a paper on the
measurement of cholesterol in which it was
pointed out that the colorimetric methods were
unreliable and subject to errors varying from
minus 18 to plus 76 per cent. Schoenheimer
(48), and also Kirk, Page, Van Slyke and co-
workers (27, 43) have recently reinvestigated
cholesterol methods and have adopted a method
dependent on digitonin precipitation. Even in
Bloor’s laboratory where the colorimetric and
nephelometric methods were revised again and
again, a digitonin precipitation method has been
developed (42, 53). In justice to some colori-
metric data it should be recognized that certain
workers with a flair for colorimetry, who have
carefully devised and checked their own standards
and ruled out complicating precipitates and colors,
have probably achieved approximately accurate re-
sults. In many of the papers on hyperthyroidism
not enough details as to technique and range of
normal values for the method have been presented
to permit evaluation of the results.

MATERIAL AND METHODS

The 43 patients included in this study, except as other-
wise indicated, exhibited most of the symptoms of hyper-
thyroidism and had basal metabolic rates of more than

plus 30 per cent, as estimated from the lowest value ob--

tained from repeated tests. As will be described in detail
under DATA, the clinical features of exophthalmos, mal-
nutrition, tremor, restlessness, degree of cardiac enlarge-
ment and vasomotor phenomena including sweating,
flushing, pulse irregularities and rate, have been carefully
evaluated. Evidences of disorders of the endocrine
glands other than the thyroid were sought.

The mental and emotional status, degree of vasomotor
instability, and neurological status of each patient were
studied in the search for underlying nervous system dis-
orders that could not readily be considered as secondary
to overactivity of the thyroid (13). Previous investi-
gators have pointed out that the nervous and mental
symptoms produced by excessive amounts of thyroid se-
cretion consist of a fine muscular tremor, awareness of
rapid heart beat, perspiration, restlessness, irritability, and
a feeling of fatigue. In the present study the above
symptoms and a moderate degree of anxiety and fear of
the illness have been considered as being due to hyper-
activity of the thyroid. Other mental symptoms such as
marked depression in mood, states of agitation often over
trivial or imaginary troubles, severe anxiety and delusions
of persecution have been considered as evidence of an
underlying ‘nervous system disorder not secondary to
overactivity of the thyroid. ' :

Additional evidence in favor of or against the extra

thyroid origin of the nervous system disorders was
sought in the past history and in the course of the symp-
toms after thyroidectomy. The story of mental dis-
orders, such as encephalitis and manic depressive psy-
chosis, long before the onset of the characteristic
symptoms of hyperthyroidism, and the persistence of
these symptoms long after the basal metabolic rate had
fallen to zero or below, were considered as supporting
the extra thyroid origin of such symptoms. Stress has
been laid on these vegetative and central nervous system
disorders because recent studies of the authors indicate
that elevated serum lipoids are frequently found in pa-
tients with these conditions (20).

All of the metabolic studies were made in the morning
when the patients were in the post-absorptive state. The
basal metabolic rates were measured with the Benedict-
Roth apparatus under the standard conditions which have
been described by Benedict, Dubois and others. The
venous blood samples were usually taken after this test
or on the following day. They were collected under oil,
centrifuged with anaerobic precautions, and the serum
analyzed according to methods previously described for
cholesterol (5, 36), fatty acids (32, 34), lipoid phos-
phorus (31, 36), proteins, albumin and globulin (14).

Histopathological studies of the glands were made in-
dependently in the Department of Pathology of the Yale
University School of Medicine.2

DATA

In Tables I, II, and III are charted the symptoms of
43 patients as well as the basal metabolic rate and serum
cholesterol determined in most instances: before adminis-
tration of Lugol’s; after Lugol's but just before thy-
roidectomy; 1 to 8 weeks after thyroidectomy; and 4 to
40 months after thyroidectomy. Table I includes 13 un-
complicated hyperthyroid patients; Table II, 9 patients
who had a good recovery; and Table III, 21 patients who
only had a partial recovery after thyroidectomy. In
Tables II and III, the open circles (O) mark the 21
patients with marked disorders of the vegetative and
central nervous system, including patients with diabetes
and marked vasomotor disturbances resembling those
described in a previous paper (37). The remaining 9 pa-
tients denoted by crosses (X) suffered from a variety
of disorders in addition to thyroid disease. Three
(A55758, 27339, A57648) had peculiarities of physical
makeup suggestive of complex glandular disorders.
Five (96354, 625, A43137, 70165, 84321) had long his-
tories of repeated recurrence and removal of thyroid
tissue. One (A39091) had cardiac decompensation, hy-
pertension and minimal symptoms of hyperthyroidism.

Enlargement of the thyroid has been graded as -+
when the gland was slightly palpable, ++ when large,
++ large with bruit, and +++-+ when the enlarge-
ment was extreme. Cardiac enlargement has been

2 We are indebted to Dr. Harry M. Zimmerman of the
Department of Pathology for re-evaluation of this ma-
terial in connection with the present paper.
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TABLE 1
Uncomplicated hyperthyroid patients
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* Lugol’s continued.

evaluated either by physical examination or x-ray and
graded 4+ to +-4. Pulse has been recorded as the
rapid rate when the patient was resting in bed soon
after hospitalization. If an individual had auricular
fibrillation or had been digitalized, the pulse rates have
been omitted. Under tremor -+ indicates a perceptible
fine tremor of the extended tongue or fingers of the
hand, 4+ an easily recognizable tremor, and +++
severe tremor obviously involving the whole body. This
fine tremor of hyperthyroidism has been contrasted with
the coarse Parkinson-like tremors which have been listed
under brain stem disorders. Motor restlessness has been
difficult to grade, but slight overactivity is described as
+. When activity was sufficient to make it difficult to
keep a patient in bed it is graded ++4+, and when the

patient required a special room for management ++++.
Any perceptible exophthalmos or lid lag has been listed
as +. Where all the signs of exophthalmos were present,
but not marked, 4+ have been used and +++ for
degrees beyond this.

Under “skin” have been included flushing, sweating,
and satiny texture. Different degrees of flushing and
sweating have been described as + to +-+4+. In cer-
tain patients the flushing and the vasomotor disturbance
were disproportionately great in comparison with weight
loss, cardiac enlargement, thyroid involvement and height
of basal metabolic rate. Such outstanding vasomotor
instability has been evaluated under brain stem disorders
and has been called “disproportionate vasomotor in-
stability.” Conditions which have returned or persisted
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TABLE II
Hyperthyroid patients with good recovery after thyroidectomy
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* Desiccated thyroid prescribed for thyroid deficiency symptoms.
Definition of symbols

Acr.: Acromegaly.
A.F.: Auricular fibrillation.
An.: Anemia with a red count below 3,800,000,
As.:Arteriosclerosis as indicated by hardened or tortuous radial arteries or tortuous or nicked retinal blood vessels.
C.: Cardiac condition such as enlargement or decompensation necessitating the use of digitalis.
D.: Mental and physical depression.
Dec.: Cardiac decompensation.
E.I.: Emotional instability.
Hp.: Hypertension of 160/100 or above.
G.: Severe glycosuria for which insulin was used.
Hys.: Hysterectomy.
Ir.: Irregularities in pulse other than auricular fibrillation.
D.: The overactivity of manic depressive psychosis,

My.: General weakness, myasthenia. . .

b.: Overweight of an extreme degree in which the distribution of fat is eccentric.
Ov.: Bilaterafovariectomy. e
T.: Previous thyroidectomy or exacerbations and remissions of hyperthyroidism.
V.I.: Vasomotor instability of an extreme variety.
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TABLE III
Hyperthyroid patients with partial recovery after thyroidectomy
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* Desiccated thyroid prescribed for thyroid deficiency symptoms t Lugol’s continued.
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The same symbols have been used as in Figure 1. The hexagon indicates distribu-
tion of similar data on 95 normal men and women.
* Instead of mEq. unit should be mgm. per cent.

more than a month after thyroidectomy have been marked
in the column “ Disorders continue after B.M.R. below
plus 10 per cent.”

Nutrition has been rated as N. when normal or average
—when approximately 10 per cent of weight had been
lost, and — —— when emaciation was obvious, with
wrinkled skin, hollow cheeks and general weakness. For
people who remained distinctly well nourished, 4 has
been used.

The serum cholesterol and basal metabolic rate are
compared in Figure 1; the cholesterol and lipoid phos-
phorus before treatment are shown in Figure 2. Figures
3 and 5 show the changes in cholesterol and basal meta-
bolic rate, in fatty acids and in basal metabolic rate be-
fore and after Lugol’s. In Figure 4 the increases after
thyroidectomy of cholesterol and lipoid phosphorus above
the values before iodine therapy are illustrated.

The pathological studies of the thyroid glands of the
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patients in Tables I, II and III have been summarized
in Table IV.

RESULTS

In Figure 1 it is apparent that cholesterol and
basal metabolic rate were not inversely propor-
tional. In the 13 patients with uncomplicated
hyperthyroid disease represented in the chart by
black circles, all cholesterols were under 151 mgm.
per cent, but below this limit there is little evidence

(5]

8

"Basal Metabdic Rate - per cent.
8

dences of extreme vasomotor instability or, in
addition, disorders of the nervous system tended
to have normal lipoids.

Figure 3 and the tables reveal that all but 6 of
the 37 patients studied before and after Lugol’s
administration had decreases of 7 to 65 per cent
in basal metabolic rate and increases in serum
cholesterol of 10 to 100 mgm. per cent. The
cholesterols of 3 (A44243, A67482, A61909) of

I 100 150

200 250

Serum Cholesferol ~ mq. per cent.

F1c. 3. Errects oF IopINE THERAPY ON CHOLESTEROL AND BASAL
METaBoLIC RATE oF 37 PATIENTS

Lines connect the values for cholesterol and basal metabolic rate before
Lugol’s administration and after Lugol’s administration just before opera-
tion. Solid lines for uncomplicated patients of Table I; broken lines for
patients who made a good recovery after thyroidectomy (Table II); lines
with a dot and a dash for patients who had a partial recovery after thy-
roidectomy (Table III). The 6 patients, represented by lines which do not
follow the slope of the majority of the lines, have been marked by arrows

and are discussed in the text.

of an inverse relationship with basal metabolic
rate. This lack of relationship can be attributed
somewhat to the great variability in the levels of
serum cholesterol.

Inspection of Figure 2 reveals that all of the
patients who were free from complications had
serum cholesterol and phospholipoid values well
below normal. In contrast, patients with evi-

the 6 patients represented by lines, marked by ar-
rows which do not follow the direction of the
majority of the lines, did not increase; choles-
terols of 3 others (AS58510, 96354, A9255) in-
creased but the basal metabolic rates did not
change more than 3 per cent. The 3 patients
whose cholesterols did not increase all had initial
cholesterols ranging between 141 and 197 mgm.
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200 230
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F16. 4. Errecrs oF THYROIDECTOMY ON SERUM CHOLESTEROL AND Lipoip PHosPHORUS OF 32 PATIENTS
Lines similar to those in Figure 3 connect the values before Lugol’s administration and. 1 to 8 weeks after
thyroidectomy, and in 18 patients 4 or more months mfter thyroidectomy. The final study on each patient,
whether 1 to 8 weeks or 4 or more months after thyroidectomy, is represented by an open circle.

* Instead of mEq. unit should be mgm. per cent.

per cent, and exhibited symptoms of vasomotor
instability, myasthenia, depression and anxiety of
a marked degree. These symptoms have been
shown by the authors (20) to be correlated with
a lability in serum lipoids which may account for
the apparent lack of response of serum cholesterol
to the administration of Lugol’s solution. They
were also patients who were only slightly improved
by thyroidectomy. Pathologically, A44243 had a
colloid goiter with only a little hyperplastic tissue;
A67482 also had little hyperplasia which was ir-
regularly distributed and there were islands of
epithelial metaplasia ; the gland of A61909 was in-
distinguishable from the glands of uncomplicated
patients in Table I. Of the 3 patients whose
basal metabolic rates were not appreciably lowered
by Lugol’s solution, 1 (A9255) had acromegaly.
The gland of the acromegalic (A9255) had only

scattered areas of hyperplastic tissue, no high
columnar epithelium and, in most areas, fairly
normal looking colloid. There was a considerable
amount of interstitial hyaline. The second
(96354) had the most grossly enlarged thyroid
of all the patients in the tables and histologically
the gland contained a good deal of colloid but also
had local areas of hyperplastic tissue. The third
(A58510), 69 years old, had arteriosclerosis,
vasomotor instability, and glycosuria for which
she required insulin before thyroidectomy. An
adenoma was found without much evidence of
hyperplastic tissue.

Subtotal thyroidectomy was followed in all pa-
tients by a rise in serum cholesterol and a fall in
basal metabolic rate. The cholesterols before the
administration of Lugol’s and 1 to 8 weeks after
operation have been considered quantitatively
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in only 30 of the 43 patients. In 4 patients
(A75157, A58510, A54754, A54764) the follow-
up study was 4 or more months after operation,
and in 5 patients (A56471, P1692, 27339, A54754,
A39091) there was no study before the adminis-
tration of Lugol’s. Eight weeks after thyroidec-

8 38 8

Basal Metabolic Rate- per cent.

8

dividuals. The thyroids of these 4 patients were
not remarkable, with the exception of 625 whose
gland contained many bizarre cells that could not
be classified, and there was only a small amount
of hyperplasia. Since the normal variation in
cholesterol has been found to be 59 mgm. per cent

F16. 5. E¥rects oF IopINE THERAPY ON THE BAsAL METABoLIC RATE
AND SErRUM FATTY AcIips oF 37 PATIENTS

The lines representing the patients in Table I, II and III are similar

to those in Figure 3. The same distance represents 3 milliequivalents of -

fatty acids as was used for 50 mgm. per cent of cholesterol in Figure 3.
These amounts are considered to be equivalent because the normal range
of cholesterol varies from 150 to 250 mgm. per cent and the normal range
for fatty acids from 9 to 16 milliequivalents (19, 33, 34) and because in
a normal subject cholesterol may change by as much as about 50 mgm.
per cent and fatty acids by about 3 milliequivalents (35). Arrows mark
the lines which do not follow the general trend and show a decrease in

fatty acids rather than an increase after Lugols.

tomy, 2 patients (A45359, A43137) who showed
marked symptoms of thyroid deficiency, 2 patients
(A67824, 70165) who were still taking Lugol’s
solution, and the acromegalic patient (A9255) all
showed sufficiently atypical symptoms to be ex-
cluded from the quantitative comparison of choles-
terol before Lugol’s and 8 weeks after operation.
In the 30 typical patients serum cholesterol in-
creased by 59 to 169 mgm. per cent in 26 subjects
and increased by 27 to 40 mgm. per cent in 4 in-

(35), 26 of the 30 patients exhibited significant
increases in cholesterol. The average of the 30
cholesterols before Lugol’s was 139 and 1 to 8
weeks after operation 235 mgm. per cent.

This comparison of the serum cholesterols be-
fore Lugol’s and 1 to 8 weeks after thyroidectomy
was made at this interval because 11 of the 26 pa-
tients studied more than 4 months after thyroidec-
tomy have shown a tendency for the cholesterol
to rise abruptly soon after operation and then to
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fall and assume a level after more time elapsed.
The first patient in Table I, the first 4 patients in
Table II, and the first 6 patients in Table III ex-
hibited this leveling off after the noticeable post-
operative rise. In 1 patient the table does not
give space for the blood studies continued some
years which made the leveling process more ob-
vious. AS56471 (Table II), after her cholesterol
had risen to 435 mgm. per cent, was given one
grain of desiccated thyroid per day for about a
year and a half. Thyroid was stopped completely
and 8 months later the cholesterol was 237 mgm.
per cent A patient (A78256) not listed in this
paper had a serum cholesterol of 383 mgm. per

TABLE 1V *

Comparison of histological findings in the thyroids of
b patt{nts in Tables I, II and IIT

Character of
epithelium N .
Cage f Hyper- Remarks
number High Pag!l;ry colloid | Plasia ar:
col ptio,ns
UNCOMPLICATED HYPERTHYROID PATIENTS, (I)
28216 | +++ +++ - | +++
A56807 | ++ [+ |+ |[++
A4838 | ++ |[++ |+ |+++
A65412 | ++++++ —  |[+++
A82427 [++ [4+++ - |[+++
A65387 | +++| +++ - [+++
A58933 | ++ |++ [+ |++
850 |+ |+++[+ |++
A50140 | ++ |+++[+  |++
6525 | +++++ |- |+++
A6T824 [+++|++ [+ |[+++|
A65385 | +++|+++| -  |+++
AS6133 | ++ [+ |+ |++

HYPERTHYROID PATIENTS WITH COMPLICATIONS WHO MADE
GOOD RECOVERY AFTER THYROIDECTOMY, (II)

A53510 | +4+ |4+ |+ ++4+ | Adenoma
AS56471 | +4+ | + ++4+ |4+ |Adenoma
A49564 | + ++ |++ | ++

A55758 | + - +4+ |+ Adenoma
A75157 | +4+ | ++ |+ .
A45359 | +4+4| +++| + + 4+ +| Carcinoma t
A67690 | +++| — +4+ |+

AS58510 ++ |+ Adenoma
96354 | ++ |+ +++|++

* Customary pathological terms have been used in
describing the thyroid glands. Comparative degrees of
pathological change have been graded + to +-++.
Dashes indicate almost entire absence of characteristic at
head of column.

t Adenoma in which there was sufficient distortion of
structure to suggest carcinoma. i

TABLE IV—Continued

HYPERTHYROID PATIENTS WITH COMPLICATIONS WHO MADE
PARTIAL RECOVERY AFTER THYROIDECTOMY, (III)

Character of
epithelium R
Case of Hyper- Remarks
number High Papillary colloid pma
columnar pa‘g;:’

A44243 | — + +++| + Colloid goiter

A45261 | — ++ |+ +

A22433 | — + +++| + Epithelial
metaplasia

A58658 | ++ |++ |+++|++ |Adenoma

P1692 + + + Fetal adenoma

27339 + + Fetal adenoma

625 - + ++ |+ Bizarre cells

A54754 | ++ |++ | ++ | ++

A59279 | +++| + ++ | ++

A9255 | — + +++| + Hyalinized
tissue

A43137 [ ++ |++ |- ++

A39091 | — + ++ |+ Epithelial
metaplasia

A54764 | + + + +

A48979 | — +++++ |+

70165 | +4+ |+ + ++ .

84321 | ++ |+++| - +++/| Epithelial
metaplasia

52492 + + Adenoma

A54415 | + ++ [+ +

A67482 | ++ |+ ++ [+ Epithelial
metaplasia

A57648 | ++ | + ++ |+

A61909 | ++4+ | + + ++

cent and symptoms of hypothyroidism soon after
thyroidectomy. After a short course of desic-
cated thyroid, the symptoms of hypothyroidism
disappeared and did not return and the serum
cholesterol was maintained at about 250 mgm. per
cent. The correlation between serum cholesterol
and thyroid deficiency has been discussed in an-
other paper (21). However, the evidence given
in relation to the level of cholesterol before and
after Lugol’s solution, before and after thyroidec-
tomy, and before and after the administration of
desiccated thyroid, demonstrates a decided cor-
relation between the level of serum cholesterol and
the activity of the circulating thyroid hormone in
the individual.

Serum lipoid phosphorus values were so closely
related to serum cholesterol values that one may
be predicted from the other. This relationship is
obvious in Figure 2 in which the initial values for
each component are shown. The relationship is
also clear in Figure 4 in which the points repre-
senting each component in 32 individuals before
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Lugol’s, 1 to 8 weeks after thyroidectomy and in
18 individuals 4 or more months after operation,
have been connected by lines. All these lines
have approximately the same slope. The in-
creases in serum cholesterol during the interval of
Lugol’s administration and 1 to 8 weeks after
operation were accompanied by proportionate in-
creases in lipoid phosphorus. In those patients
studied 4 or more months after thyroidectomy,
there was equally good correlation. If the choles-
terol decreased and assumed a lower level, the
phosphatides behaved similarly. The same rela-
tionship existed between lipoid phosphorus and
cholesterol before and after Lugol’s administra-
tion. The lipoid phosphorus of 29 of the 34 pa-
tients studied at this interval increased, the phos-
pholipoids of only 1 (A45359) diminished. In 4
individuals the changes were less than 0.3 mgm.
per cent of lipoid phosphorus, or within the ex-
perimental error of the method.

Values of serum fatty acids were proportional
to those of serum cholesterol, but not as precisely
as were those for lipoid phosphorus. The fatty
acids were studied before and after Lugol’s in 37
patients and are shown graphically in Figure 5.
The fatty acids of 31 patients rose after Lugol’s
while, as has been shown, the cholesterol of 34 of
the 37 patients rose after Lugol’'s. Analysis of
the exact figures for fatty acids, which are not in-
cluded in the tables for the sake of brevity, re-
vealed that 11 of the 37 patients had increases ex-
ceeding 3 milliequivalents of fatty acids and 11
of the 37 had increases of cholesterol exceeding
50 mgm. per cent. This analysis and a compari-
son of Figures 3 and 5, in which the scale for
fatty acids and cholesterol were chosen to be
equivalent, show that the increases in fatty acids
were of approximately the same order of mag-
nitude as the increases in cholesterol.

The fatty acids increased after thyroidectomy in
all patients except A54754. He was inadequately
studied with no determination of fatty acids be-
fore Lugol’s or 1 to 8 weeks after operation. All
of the 30 patients whose cholesterols were com-
pared before Lugol’s administration and 1 to 8
weeks after thyroidectomy had increases in fatty
acids during this interval. Twenty-three had in-
creases in fatty acids greater than 3 milliequiv-
alents, the variation in a normal subject (35).
The greatest rise in these 30 patients was 8.7 milli-

equivalents of fatty acid. Twelve of 26 patients
studied 4 or more months after thyroidectomy ex-
hibited the tendency for the fatty acids to fall and
level in the same manner as cholesterol leveled.

There was no consistency in the changes of
total proteins, albumin and globulin as a result
of Lugol’s and for this reason no data or figures
are given. Of 37 determinations of total protein
before and after Lugol’s 4 patients had no change,
16 patients had an increase, and 17 a decrease in
total proteins. Of 21 determinations of albumin,
2 patients had no change, 9 had an increase, and
10 a decrease in albumin. In the 21 examinations
of globulin, there was no change in 4, an increase
in 6, and a decrease in 11.

The serum proteins of 28 of 32 patients whose
proteins were studied before Lugol’s administra-
tion and after operation increased by 0.2 to 2.2
per cent. The average for the total proteins of
32 patients before Lugol’s was 6.7 and after thy-
roidectomy 7.3 per cent. The serum albumin of
22 of the 24 patients studied before Lugol’s and
after operation increased by 0.1 to 1.8 per cent
and decreased in 3 patients. Of 24 comparisons
of serum globulin determinations before Lugol’s
and after thyroidectomy, 1 patient had no change,
17 had increases of 0.1 to 0.6 per cent, and 6 had
decreases in globulin. The highest serum protein,
albumin or globulin after operation has been used
in this comparison because no tendency for the
proteins to level some time after operation was
obvious. However, there were excluded from
these comparigons all post-operative studies which
were made when a patient had symptoms of thy-
roid deficiency or was being given iodine for a
prolonged time. The changes in total and frac-
tion proteins were so unimportant and insigni-
ficant that the level of serum proteins has no value
in the diagnosis of hyperthyroidism.

A comparison of the histological findings in the
thyroids of the patients in Tables I, II, and III
has been presented in Table IV. It can be seen
that the glands from patients with uncomplicated
hyperthyroidism in Table I were uniformly hyper-
plastic, while those from patients with complica-
tions, Tables II and III, were with 4 exceptions
variable in appearance. It proved relatively
simple to grade the amount of hyperplasia in the
first group, but proved difficult in the other 2
groups due to the variability of structure in dif-
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ferent parts of the glands. For example, from a
single gland in one section marked evidences of
hyperplasia were present, while in the next there
was adenomatous tissue and in a third islands of
epithelial metaplasia. Some of these differences
have been indicated in the table under remarks.

The glands from the patients with complica-
tions who made a good recovery did not differ
consistently from those who made a partial re-
covery. It is noteworthy, however, that 5 of 9
who made a good recovery had adenomata, while
only 4 out of 21 were found in those who made a
poor recovery.

Although the grading of hyperplasia proved
difficult, much less was found in the latter 2
groups than in the first. In fact only 1 patient
from Table II and 1 from Table III were rated
+++ as against 8 out of the 13 in Table I.
Little colloid was found in the glands of patients
from Table I; more was found in those from
Tables IT and III. Thus the pathological studies
failed to support differences between the 3 groups
of patients in only 4 cases, A49564, A54754,
84321, and A61909.

DISCUSSION

Examination of the three tables and of Figure
2 reveals that measurement of the initial serum
lipoids was of uncertain value in determining
whether or not the patients would respond well
to Lugol’s or thyroidectomy. In Figure 2 the
cholesterol and phospholipoid figures of the un-
complicated patients were low but, the mean for
the whole group would obviously be close to the
lower limit of normal. This wide distribution of
values suggests one explanation of the discordant
reports in the literature, for any studies involving
less than 15 or 20 patients might well have been
weighted in one direction or the other. In this
study, however, the majority of patients, 30 out
of 43, presented features which previous studies
in this laboratory have demonstrated to be com-
monly associated with high serum lipoids. Pa-
tients with extreme forms of vasomotor insta-
bility, as for example certain diabetics described
by Man and Peters (37), frequently have high
lipoids. Another group of patients with complex
vegetative system and emotional disorders indica-
tive of hypothalamic and basal ganglia dysfunc-
tion also tends to have high lipoids (20). AS55758,

an obese pyknic male, had an initial cholesterol
of 157 mgm. per cent. It has been shown that
the cholesterol of a pyknic male usually lies in the
upper limits of the normal range, 200 to 250 mgm.
per cent (19). This man may, therefore, have
had a real reduction in cholesterol, although this
component was not below the average normal
range. All of the patients above the low limits
of normal in Figure 3 belonged in one or more
of these categories. 'When these factors are con-
sidered, it is reasonable to assume that the thy-
roid secretion has either reduced the lipoids from
levels considerably above the normal limits or that
its effects are counteracted by factors which tend
to elevate the lipoids.

At present the factors which control the level
of blood lipoids are not sufficiently well under-
stood to warrant the use of lipoid values in deter-
mining the advisability of thyroidectomy. In the
patients with clear-cut symptoms of hyperthyroid-
ism and no complicating features, all of whom
had low lipoids, the problems of diagnosis and
prognosis were relatively simple and were not fur-
ther clarified by knowledge of the level of the
lipoids. On the other hand, in the complicated
patients, the level of the initial cholesterol was no
criterion of the patient’s response to thyroid-
ectomy. For example, A53510 who had a cho-
lesterol of 192 mgm. per cent before iodine ther-
apy, an atypical clinical picture, and a poor re-
sponse to treatment with iodine, improved after
thyroidectomy as rapidly and completely as did
the patients with uncomplicated hyperthyroidism.
A44243, with a cholesterol of 160 mgm. per cent,
presented a similar picture, yet after thyroid-
ectomy experienced very slow improvement and
at the end of 2 years was not well enough to work.
In contrast, A22433 with atypical symptoms that
made the diagnosis uncertain, had a cholesterol of
105 mgm. per cent, a high basal metabolic rate,
and a good response to iodine. Yet this patient
experienced only a moderate temporary relief
from symptoms, with later recurrence, and after
more than 2 years has shown little improvement.
Her condition can scarcely be attributed to recur-
rence of or persistence of hyperthyroidism be-
cause her basal metabolic rate remains at about
minus 23 per cent. That the initial level of serum
cholesterol before Lugol’s administration is of
little assistance in the diagnosis of hyperthyroid-
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ism has been pointed out recently by Boyd and
Connell who have studied plasma lipoids in pa-
tients with anxiety syndromes (11).

The data presented in the tables have been care-
fully analyzed to see whether the reaction of the
individuals’ serum cholesterols to Lugol’s admin-
istration may be of aid in deciding whether to
operate. The cholesterols of 13 of the 37 pa-
tients studied before and after iodine therapy did
not increase by as much as 30 mgm. per cent.
Of these 13, 2 (A45359, A43137) for several
years since thyroidectomy have required desic-
cated thyroid for the relief of myxedema. Four
(A65385, 96354, 70165, 84321) had had earlier
exacerbations of hyperthyroid symptoms and had
been given Lugol’s for a time some months or
years previously. In 3 patients the basal metabo-
lism decreased definitely after iodine although
the cholesterols did not rise significantly. One
(A58933) was a severely malnourished lepto-
somic male. His cholesterol normally was prob-
ably low (19) and the small increase after Lu-
gol’s from 116 to 126 mgm. per cent may be asso-
ciated with his expected low normal level. The
cholesterol of 2 females (8850, A56133) who
clinically exhibited adequate responses to thyroid-
ectomy increased only from 115 to 142 and from
151 to 170 mgm. per cent; but the cholestero-
lemia after Lugol’s may have been close to the
normal for them. Four (A44243, 625, A67482,
A61909), of whom all but 625 did not have a
satisfactory response in basal metabolic rate to
iodine therapy, had very little improvement after
thyroidectomy and for 6 months and longer re-
mained fatigued and nervous although the pro-
nounced exophthalmos of the right eye of A67482
improved decidedly.

Just as the basal metabolic rate does not always
fall when Lugol’s is given, the cholesterol may
not always rise because the hyperthyroid condition
may be progressing to such an extent that iodine
is unable to do more than neutralize the effect
of the increasing hyperthyroidism. A patient,
A82380, not in this series, gives an example of a
fall in serum cholesterol parallel with a progres-
sion of hyperthyroid symptoms when she was not
taking iodine. She had a basal metabolic rate of
plus 1 and a cholesterol of 148 mgm. per cent,
but disproportionate hyperthyroid symptoms.
When given Lugol’s for 2 months, she had little

symptomatic relief and the basal rose to plus 10
per cent. No lipoids were determined at this
date. Five weeks after Lugol’s was stopped her
basal was plus 25 per cent and the cholesterol had
fallen to 129 mgm. per cent. She was given
Lugol’s and the basal fell to plus 8 per cent, while
the cholesterol rose to 175 mgm. per cent. In the
intermediate period without iodine therapy and
with progression of hyperthyroid symptoms, the
cholesterol fell from 148 to 129 mgm. per cent.
In comparing cholesterols before and after Lu-
gol’s, one may well take into account an aggrava-
tion in the hyperthyroid condition which would
tend to lower the serum cholesterol and thus can-
cel any effect of iodine therapy on the level of
serum lipoids.

The diagnostic value of serum cholesterol de-
termination is slight, but it does supply corrobo-
rative evidence -of the more important clinical ob-
servations and behavior of the basal metabolic
rate. It may be of use when accurate basal de-
terminations cannot be obtained. If the patient
does not improve clinically, if the basal does not
fall, and if the cholesterol fails to rise after Lu-
gol’s, thyroidectomy probably will not be effective.
Whether the reverse can be stated with equal as-
surance is still uncertain, Three patients (A2875,
P1237, P1529), not in this series, with slightly
increased basals who did not conform to the hy-
perthyroid picture, were all given Lugol’'s. Their
cholesterols increased from 139 to 200, from 194
to 266, and from 185 to 269 mgm. per cent. For
clinical reasons they did not have thyroidectomies
and therefore as test cases they were quite un-
satisfactory. Two patients (A53920, A61169),
not included in this series, with extreme vasomotor
instability, diabetes requiring insulin, tachycardia,
arteriosclerosis, and who lacked the typical symp-
toms and signs of hyperthyroidism, had basal
metabolic rates of plus 29 and plus 24 per cent.
The cholesterols of both fell equivocally after
Lugol's from 312 to 279 and from 270 to 265
mgm. per cent respectively. The basal responses
were quite as uncertain. Again operation seemed
unjustifiable and therefore the significance of the
relation between atypical lipoid response to iodine
and atypical symptoms must remain a subject for
speculation. That increases in serum cholesterol
are the usual responses of hyperthyroid patients
to iodine therapy has been pointed out by Hurx-
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thal (24), Bartels (1, 3), and by Nicholls and
Perlzweig (41) who also found increases in fatty
acids. What the behavior of the serum choles-
terol of a non-hyperthyroid patient is after iodine
administration does not seem to have been com-
pletely investigated. Turner (50) found no sig-
nificant change in the serum cholesterol of 9 out
of 10 non-hyperthyroid patients given 2 grams of
potassium iodide daily for 4 to 6 weeks. The
cholesterol of the exceptional patient, a female
diabetic, rose from the abnormally high average
of 384 mgm. per cent before potassium iodide to
an average of 434 mgm. per cent during the iodide
administration.

No correlation was found between the height to
which the lipoids rose after thyroidectomy and the
degree of recovery. Two of the patients whose
initial lipoids were low showed after thyroid-
ectomy little rise in serum cholesterol and other
lipoids, although the basal metabolic rates fell be-
low zero, and they experienced marked clinical
improvement. One of these patients (A59140)
is also remarkable because of the development of
a unilateral exophthalmos in the course of con-
valescence. The other patient (A65385) illus-
trates how slight the rise in cholesterol may be
even when the basal metabolic rate falls to minus
13 and there is definite clinical improvement.
The lipoids of 11 of 26 patients studied more than
6 months tended to level off after the usual post-
operative rise. This fall in lipoids occurred in
the absence of a concomitant rise in basal meta-
bolic rate. The first patient in Table I, the first
4 in Table II, and the first 6 in Table III belong
in this group. This fall in cholesterol several
months after thyroidectomy has been previously
reported by Hurxthal (24, 25).

The 21 patients who presented symptoms of
nervous system disorder as well as hyperthyroid-
ism were partly relieved of symptoms by thyroid-
ectomy but their subsequent courses progressed or

" failed to progress independently of the level of
basal metabolic rate or serum lipoids. Patients
A44243, A45261, A22433, and A54754 illustrate
various responses of this type.

The 5 patients with sufficiently severe diabetes
to require insulin for control before thyroidectomy
varied considerably after operation. A75157 and
A58510, who did well after thyroidectomy, no
longer required insulin; A49564 and A54415 were

improved but continued to require insulin. These
patients presented a complex variety of symptoms
but they all had in common vasomotor instability
and other nervous system disorders which were
possibly due to a primary disorder of the vegeta-
tive centers in the brain stem. Patient A9255
represents an extreme form of the breakdown of
these regulative mechanisms. The pituitary gland
may have played a role but the persistent and
gross tremor and extreme vasomotor instability
indicate the presence of a disorder in the brain
stem.

It is noteworthy that the subsequent compara-
tive investigation of the pathology of the thyroid
glands of these patients lends support to their
classification into at least 2 groups. The glands
from the clinically uncomplicated patients, Table
I, proved to be uniformly and moderately -
to severely 4+ hyperplastic, while those from
patients with complications presented numerous
variations in structure and usually less clear-cut
evidences of hyperplasia (Table IV).

Difficulties were encountered in evaluating the
degree of malnutrition from the history and the
general appearance of the patient. The nutri-
tional condition of the patients in the present
study is of interest because there is considerable
evidence that malnutrition induced by a variety of
conditions may lower the serum lipoids (33). On
the basis of the story of weight loss and clinical
appearance, all but 9 of the 43 patients had lost
weight markedly. When the per cent of weight
loss was plotted against cholesterol in mgm. per
cent, no relation between these two values could
be discovered. On the other hand, the evidence
derived from the protein and albumin studies in-
dicates that in some patients these substances suf-
fered a depletion similar, if less severe in degree,
to that found in malnourished patients. Bartels
(2, 3) has reported a depletion below normal
levels in total proteins, and in some hyperthyroid
patients, in albumin before treatment. In his 59
cases 3 months after thyroidectomy the total pro-
teins and albumin were normal. He attributes
these findings to the state of the liver rather than
to the nutritional status or to changes in hemo-
concentration. Brown and Mecray (12) have
also reported a rise in proteins after thyroid-
ectomy. In 32 of the patients in Tables I, II,
and III, the mean value for the total proteins
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before operation was 6.7 per cent and after con-
valescence rose to 7.3 per cent. Patients who re-
quired desiccated thyroid or prolonged iodine
therapy during convalescence were excluded from
. this comparison. The latter figure approximates
that found. in well nourished people by Bruckman,
D’Esopo and Peters (14, 46). This rise in pro-
teins may have been due to the simultaneous im-
provement in nutrition, but it may also be affected
in part by hemoconcentration. The results of
the measurements of the albumin and globulin
fractions are not sufficiently clear-cut to differ-
entiate between these two possibilities. Gibson
has reported that “in 25 cases of hyperthyroidism
the blood volume was increased above normal on
an average of 5.45 per cent” (18). In 14 sub-
jects the increase occurred in both protein frac-
tions and consequently it is possible that hemo-
concentration may have been responsible for the
change. The fact that the albumin increased
more markedly than the globulin indicates that
hemoconcentration may not have been important
and that the small rise was probably due to im-
provement in nutrition.

A correlation between the 3 lipoid fractions,
total fatty acids, phosphatides and cholesterol with
thyroid activity in a single individual is apparent
from the analysis of the results. Changes in
cholesterol were accompanied by proportionate al-
terations in phospholipoids and by slightly more
variable changes in total fatty acids. If the pro-
teins are used as a criterion of blood volume, the
increases in lipoids greatly exceed any diminution
in blood volume. The post thyroidectomy protein
was 109 per cent of the initial protein value while
the post thyroidectomy cholesterol was 169 per
cent of the initial value. It must be stressed that
from one patient to another the height of the basal
metabolic rate was not proportional to the level of
serum lipoids, but the close correlation between
the different lipoids was obvious in each subject
as an individual. Nicholls and Perlzweig (41)
found similar changes in cholesterol and fatty
acids of hyperthyroid patients. Boyd and Con-
nell (8, 9) have pointed out that the neutral fat
was diminished less than the total lipoid, total
cholesterol, free cholesterol or phospholipoids.
However, Boyd in an earlier article (6) in which
he described his lipoid techniques, stated that “ of
all the lipids, neutral fat and cholesterol ester were

found to be the most variable.” That neutral fat
might vary greatly can be understood readily be-
cause in his method total fatty acids and total
cholesterol are determined together. From this
value must be subtracted the determined total
cholesterol, the computed cholesterol ester fatty
acids, the phospholipoid fatty acids computed as
two-thirds of the phospholipoid, in order to obtain
the figure for neutral fat. This fraction is there-
fore subject to the summation of errors. The
observations of Soskin and Mirsky (49) that in a
patient who refused thyroidectomy the daily feed-
ing of 230 grams of fat supplemented by 3 grams
of cholesterol for 23 days resulted in remission of
hyperthyroid symptoms, are of interest in relation
to the problem of lipemia in hyperthyroidism.
The results of earlier workers, the data given pre-
viously, and the observations in a companion ar-
ticle (21) on hypothyroidism show that the level
of serum lipoids is closely related to overactivity
and underactivity of the thyroid gland.

CONCLUSIONS

The basal metabolic rate, serum cholesterol,
lipoid phosphorus, titrated fatty acids, total pro-
teins, albumin, globulin and pathology of thyroid
glands of 43 patients with symptoms of hyper-
thyroidism have been studied. Blood studies
were made at frequent intervals which, as often
as possible, were before Lugol’s administration,
after iodine but before thyroidectomy, 1 to 8
weeks and 4 or more months after operation.

The level of serum lipoids before iodine therapy
was not related to the height of the basal metab-
olism and was of little value in predicting the
degree of improvement after thyroidectomy. In
13 uncomplicated patients the cholesterol before
Lugol’s was below 151 mgm. per cent, the lower
limit of the normal range. Complex factors other
than the thyroid, such as extreme vasomotor in-
stability and vegetative nervous system disorders,
have been considered in relation to the initial level
of the cholesterol.

After Lugol’s administration the cholesterols in
34 of 37 patients increased 10 to 100 mgm. per
cent, and the basal metabolic rate of 34 of these
37 patients fell 7 to 65 per cent. This rise in
cholesterol has been evaluated as a criterion to be
used in considering the advisability of thyroidec-
tomy.
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After thyroidectomy the cholesterols of all the
43 patients increased. In 26 of 30 patients
studied before Lugol’'s and 1 to 8 weeks after
operation, the increases were more than 59 mgm.
per cent, and therefore more than the limits of
variation in a normal individual. The cholesterol
of 11 patients rose sharply soon after thyroidec-
tomy and then fell to a constant level 4 or more
months after operation. The height of the rise
was not related to the degree of improvement and
recovery.

Changes in cholesterol were accompanied by
proportionate alterations in phosphatides and by
somewhat less precise changes in fatty acids.

No consistent changes in total proteins, albumin
or globulin occurred during the administration of
iodine. In 28 of 32 patients the serum proteins
after thyroidectomy were higher than before
Lugol’s by 0.2 to 2.2 per cent. The serum al-
bumin exhibited a greater tendency to increase
than serum globulin. The relation of these in-
creases to the state of nutrition of the patients
has been discussed.

The patients whose hyperthyroidism was clin-
ically uncomplicated had glands that were uni-
formly hyperplastic and contained relatively small
amounts of colloid. The patients whose clinical
conditions were complicated had thyroids with
variable histopathological pictures. There was in
general less hyperplastic tissue. Many glands had
adenomata, while others contained islands of epi-
thelial metaplasia, bizarre cells, and relatively
large amounts of colloid.

It would have been impossible to collect this material
if it had not been for the clinical services of Dr. Paul
Lavietes, Dr. C. L. Robbins, Dr. Alexander Winkler,
and Dr. Kalmen A. Klinghoffer under whose care were
many of the patients.
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