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A B S T R A C T Plasma endogenous triglyceride trans-
port kinetics were determined in 16 hyperthyroid and
in 12 hypothyroid patients and the results compared
with those of euthyroid control subjects. In addition,
the removal of exogenous particulate fat (Intralipid;
Vitrum, Sweden) from the circulation and the post-
heparin plasma lipolytic activity (PHLA) were studied
in these patients for further characterization of the
alterations of plasma triglyceride metabolism in thyroid
disease.

In thyrotoxicosis the average plasma triglyceride
level was slightly but significantly increased above that
of control subjects. This change was associated with
augmented production of triglycerides whereas the
mean fractional removal rate was not different from
normal. There was a significant linear correlation be-
tween the concentration and turnover rate of plasma
triglycerides in both hyperthyroid and euthyroid sub-
jects but the concentration/turnover rate ratio was
less in the former group suggesting that the efficiency
of removal of triglycerides from the circulation was
improved in thyroid hyperfunction. The elimination of
intravenously administered particulate fat occurred more
rapidly in untreated hyperthyroid patients than in
euthyroid control subjects. The mean PHLA was also
above normal in thyrotoxicosis. Upon adequate treat-
ment of the hyperthyroid state the fasting plasma tri-
glyceride concentration was further increased.

Hypothyroid patients showed another pattern of al-
teration of triglyceride kinetics. The synthesis of plasma
triglycerides was normal but the fractional removal of
both endogenous and exogenous triglycerides was mark-
edly reduced and this change seems to account for the
hypertriglyceridemia associated with thyroid hypofunc-
tion. The plasma PHLA was also clearly decreased in
the hypothyroid state.
Plasma FFA and glycerol levels were increased in

hyperthyroidism and plasma FFA was slightly de-
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creased in hypothyroid patients, but these variables were
not significantly correlated with any parameter of tri-
glyceride metabolism.
Endogenous triglyceride turnover rate was signifi-

cantly correlated with serum protein-bound iodine
(PBI) and T3 uptake in thyrotoxicosis but not in hypo-
thyroidism. Removal of exogenous fat was not related
to postheparin plasma lipolytic activity but the frac-
tional endogenous triglyceride transport showed a highly
significant relationship to this lipase activity in a
mixed group of hyper- and hypothyroid patients.
The results suggest that thyroid hormones control

both production and removal of plasma triglycerides.
Different mechanisms for these interactions are con-
sidered.

INTRODUCTION
It is not known whether thyroid hormones play any
role in the regulation of plasma triglyceride (TG)'
concentration and transport, and relatively few studies
have been carried out on the alterations of triglyceride
and very low density lipoprotein (VLDL) metabolism
in clinical thyroid disease. This is in sharp contrast to
the situation in cholesterol metabolism, which is well
explored in both hyper- and hypothyroidism and is
generally believed to undergo typical and consistent
changes in both conditions. The plasma triglyceride
concentration may be completely normal in hypothy-
roidism (1, 2), but usually it is moderately elevated
(2-5) and occasional cases of gross hyperlipemia have
been reported in myxedema (1, 2, 6). The increase
has been attributed to a low lipoprotein lipase (LPL)
activity, since it has been shown that the postheparin
plasma lipolytic activity (PHLA) is inversely corre-

'Abbreviations used in this paper: LDL and VLDL, low
density and very low density lipoprotein, respectively; LPL,
lipoprotein lipase; PBI, protein-bound iodine; PHLA, lipo-
lytic activity of postheparin plasma; RBW, relative body
weight; T3, triiodothyronine uptake by resin; TG, tri-
glyceride.
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lated with the plasma triglyceride level in patients with
myxedema (5, 7). In spite of this LPL deficiency, the
hypertriglyceridemia associated with hypothyroidism is
not of the fat-induced type (3). In thyroid hyperfunc-
tion, both decreased (4) and normal (5, 8) plasma
triglyceride mean levels have been observed. In the
only kinetic study published so far, Sandhofer, Sailer,
and Braunsteiner (9) found decreased conversion of
plasma FFA into endogenous plasma triglyceride in
patients with hyperthyroidism and this change was be-
lieved to account for the decreased plasma triglyceride
levels. A slightly decreased PHLA has also been re-
ported in thyrotoxicosis (5).
The present study was undertaken in order to provide

more systematic data on the alterations of plasma
triglyceride concentration and transport in clinical dis-
orders of thyroid function. It was revealed that both
hyper- and hypothyroidism are characterized by rather
specific patterns of disturbed triglyceride transport
kinetics. These data also serve as an example of how
kinetic analysis may be applied in resolving the basic
mechanisms of hypertriglyceridemia.

METHODS
Patient series. The study was originally carried out in

16 patients with clinically unequivocal hyperthyroidism and
in 12 subjects suffering from definite thyroid hypofunction.
Eight patients of the former group were restudied after treat-
ment when they had achieved an euthyroid state. The so-
matic data and results of thyroid function tests are presented
in Tables I and II. The diagnosis was based on characteristic
history, clinical findings, serum protein-bound iodine (PBI),

triiodothyronine uptake test (T3), and thyroidal uptake of
radioiodine. In many instances additional determinations of
serum total and free thyroxine and of urinary hydroxy-
proline excretion were made and these results further con-
firmed the diagnosis but they are not included in the tables.
Of the hyperthyroid patients ten had typical Graves' disease
and the remaining six had a toxic multinodular goiter. The
hypothyroidism was in most instances caused by autoimmune
thyroiditis, the diagnosis of which was based on high titer
of thyroglobulin antibodies in serum or thyroid cytology, or
both. In two cases the etiology of the hypothyroidism could
not be traced.
Three of the patients had additional extrathyroidal dis-

eases, which may have influenced the triglyceride metabolism
(besides moderate overweight). These patients have not been
excluded from the series but their results were omitted from
statistical calculations. Patient No. 14 of thyrotoxic group
had a newly detected mild nonketotic diabetes. Patient No.
24 of the hypothyroid series developed manifest diabetes 1 yr
after he was investigated for this study. Blood glucose had
not been measured at that time but it is possible that the
diabetes was already present then. Patient No. 26 was grossly
obese and had latent diabetes.

Control series. Since it was difficult to carry out the
complete study in adequately matched series of euthyroid
subjects without other interfering diseases, several groups
of subjects were used for comparison. All of them were
euthyroid by the common clinical and laboratory criteria.
The basic control series consisted of healthy normal volun-
teers, 18 men and 16 women, whose plasma triglyceride
transport kinetics have been reported previously (10). This
group served as a fairly well-matched control series for the
hyperthyroid patients, but most of the hypothyroid subjects
were more or less overweight postmenopausal females, which
necessitated collection of another control group. For this
comparison eight postmenopausal women were selected from
our (unpublished) series of obese patients, in whom the

TABLE I
Clinical and Laboratory Data of 16 Cases of Untreated Hyperthyroidism

No. Initials Sex Age RBW* PBI T3t Cholesterol lI-uptake Diagnosis

% pg/100 ml % mg/100 ml per centl
24 hr

01 M. F. F 22 111 11.0 178 155 83 Toxic nodular goiter
02 G. L. F 52 134 10.7 154 185 61 Graves' disease
03 E. S. F 37 100 16.4 156 84 Graves' disease
04 R. M. F 53 103 12.4 136 156 - Toxic nodular goiter
05 S. M. F 70 116 11.4 145 205 49 Toxic nodular goiter
06 M. H. F 44 131 17.0 129 168 - Toxic nodular goiter
07 A. K. F 46 105 13.8 170 212 Graves' disease
08 K. H. M 22 71 >20.0 177 180 88 Graves' disease
09 E. V. F 66 170 13.0 127 152 - Toxic nodular goiter, obesity
10 E. K. F 60 138 12.4 126 213 28 Toxic nodular goiter
11 K. L. M 32 125 18.5 187 127 70 Graves' disease
12 K. S. M 27 84 17.2 147 207 68 Graves' disease
13 A. U. M 63 83 >20.0 167 127 Graves' disease
14 T. K. M 22 85 9.6 172 145 60 Graves' disease, diabetes
15 E. D. F 37 93 16.0 168 145 66 Graves' disease
16 L. N. F 22 124 >20.0 200 150 83 Graves' disease

* Reference 17.
t Normal range 90-115%.
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TABLE I I
Clinical and Laboratory Data of 12 Patients with Untreated Hypothyroidism

Etiology of hypothyroidism;
No. Initials Sex Age RBW* PBI T3t Cholesterol 1311-uptake other diseases

% jsg/100 ml % mg/1OO ml per cent/
24 hr

17 T. P. M 48 132 1.0 85 473 7 Autoimmune thyroiditis
18 A. L. F 59 117 2.6 77 620 5 Autoimmune thyroiditis
19 M. Y. F 63 143 1.3 76 248 - Radioiodine therapy
20 T. V. F 64 134 1.8 62 624 4 Thyroidectomy
21 S. K. F 30 98 1.9 82 435 2 Autoimmune thyroiditis
22 M. K. F 64 141 3.0 84 294 20 Chronic lymphocytic thyroiditis
23 A. P. F 58 101 2.5 73 341 6 Idiopathic
24 J. V. M 16 129 1.4 66 417 Autoimmune thyroiditis, diabetes?
25 R. L. M 40 125 3.9 92 317 4 Autoimmune thyroiditis, diabetes?
26 L. S. F 60 150 2.8 55 432 4 Sarcoidosis, obesity, diabetes
27 I. P. F 58 109 2.0 78 700 3 Idiopathic
28 A. K. F 58 119 3.0 78 300 12 Chronic lymphocytic thyroiditis

* Reference 17.
t Normal range 90-115%.

plasma triglyceride turnover had been determined by a
method identical to that used here for thyroid patients. For
the Intralipid test a further control group of healthy normo-
glyceridemic volunteers was studied. Finally, "normal" con-
trols for PHLA assay were partly laboratory personnel,
partly patients with minor nonmetabolic disorders, and the
normal values for plasma FFA and glycerol were obtained
from hospital and laboratory personnel.
Experimental design. For the primary study all the thy-

roid patients were admitted to hospital and put on a standard
diet containing 45% of calories as carbohydrate, 35%o as fat,
and 20% as protein. Calories were provided in an estimated
amount of 35 cal/day per kg for hyperthyroid and 25 cal/day
per kg for hypothyroid patients but adjustments were made
to keep the patients' weight at a constant level. All patients
were untreated for their thyroid disease when admitted to
hospital and no drugs influencing either thyroid function or
plasma lipid levels were administered before completion of
the primary investigation. The lipid program was usually
instituted during the 2nd wk of hospitalization and the com-
plete set of studies consisted of determination of plasma
triglyceride concentration and turnover rate, measurement of
disappearance rate of i.v. fat emulsion (Intralipid test) and
assays of plasma PHLA, FFA, and glycerol. The studies
were usually carried out in this order on successive days,
but in some instances the order was changed. Immediately
after the last test day thyrostatic treatment, radioiodine ther-
apy or thyroxine substitution was begun.

After completed treatment (surgery or radioiodine possi-
bly followed by a short-term course of thyrostatic drugs)
the thyrotoxic patients were placed on a routine follow-up
schedule at the Endocrine Outpatient Unit of the hospital.
When they had achieved completely normal thyroid function
as evaluated by clinical and laboratory criteria all were asked
to cooperate for a repeated triglyceride turnover study.
Eight patients accepted the invitation and they were re-
studied 5-9 months after the first turnover measurement.
At this time most of the subjects had been euthyroid for
a minimum of 2-3 months and six were without any medica-
tion, but two were still receiving 15 mg of methimazole per

day. Four had been treated by surgery and the other four
with radioiodine.
Measurement of plasma triglyceride turnover. The turn-

over rate was determined by the endogenous glycerol-H
labeling technique originally described by Farquhar, Gross,
Wagner, and Reaven (11). In this method the plasma tri-
glyceride is pulse-labeled in vivo with glycerol-2-'H and the-
fractional rate of disappearance of triglyceride radioactivity
is followed for 10 hr. The total amount of triglyceride trans-
ported through the plasma pool per unit time (production
rate) is then obtained as a product of fractional removal
and pool size. The validity and reliability of the method
have been thoroughly discussed (10, 11) but they have also
been questioned (12, 13). The method implies that the frac-
tional rate of efflux of triglyceride molecules from the circu-
lation is approximated by the descending slope of the tri-
glyceride radioactivity curve. This is true only if the injected
labeled glycerol is incorporated into plasma triglycerides
within a relatively short period of time and there is no
quantitatively significant cycling of the label through pools
(triglyceride or any other precursor pool) with a slower
turnover. Conclusive evidence for the validity of this assump-
tion is difficult to obtain, but substantial support for it has
been given by a few reinfusion experiments (11) and, indi-
rectly, by the close similarity of results with those derived
from an independent nontracer method of measuring plasma
triglyceride turnover (14). As pointed out previously (15)
the location of the label in the 2-position H-atom of glycerol
makes the recycling minimal since this hydrogen is trans-
ferred to NAD on metabolization of glycerol through path-
ways other than direct esterification with fatty acids. Thus,
the specific activity of all those compounds where the 'H
from NAD'H is distributed will presumably be much less
than that of esterified liver and plasma lipids and this mini-
mizes the secondary reincorporation into plasma triglycerides.
In this respect the glycerol-2-5H essentially differs from the
4C-labeled triglyceride precursors.
The decay of radioactivity was measured only for total

plasma triglyceride without separation of different lipopro-
tein fractions. This was done deliberately to obtain the over-
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all transport rate of triglycerides through the plasma pool,
even though it is evident that this is a composite function
of a family of decay rates (low density lipoproteins [LDL]
and subfractions of VLDL).

Details of the procedure have recently been described
elsewhere (10). The subjects were fasted from the previous
evening (10 hr) and in the morning they received glycerol-
2-3H (Radiochemical Centre, Amersham, England, SA 200
mCi/mmole) as a rapid pulse injection into an antecubital
vein. The average dose was 4 X 107 cpm. Blood samples for
the determination of triglyceride radioactivity were with-
drawn from 1 to 6 hr at 30-min intervals and at 7, 8, 9, 10,
and 24 hr. Fasting continued up to the 8 hr sample. Plasma
triglyceride concentration was determined from 0, 2, 4, and
8 hr samples.
Plasma was separated immediately by centrifugation and

stored at + 4VC to the next day. For the determination of
triglyceride radioactivity 2 ml of each plasma sample was
extracted with 25 ml of chloroform-methanol mixture (2: 1),
5 ml of 0.5%o saline was added, and the tube was shaken
for 5 min and left overnight at + 4VC. The two phases were
then separated by centrifugation, and the lower chloroform
layer was transferred to another tube and washed once with
5 ml of a chloroform-methanol-0.5% saline mixture (3:47:
50). After centrifugation the lower chloroform phase was
taken into another tube, silicic acid was added and the tube

was shaken for 10 min. The solvent was filtered into a
counting vial, and evaporated to dryness, PPO-toluene scin-
tillation mixture was added and the radioactivity was counted
in a Packard Tricarb liquid scintillation counter (Packard
Instrument Co., Inc., Downers Grove, Ill.). The separation
of triglyceride from other lipids and the recovery were
checked by repeated parallel lipid fractionations with thin-
layer chromatography. Radioactivity was plotted against
time on a semilogarithmic scale and the curve was analyzed
with a digital computer. The acceptable resolutions have been
been described in a previous paper (10). As a general rule,
all curves composed of clearly more than one exponential
slope and cases where the triglyceride concentration showed
a systemic rise or fall amounting more than 15% (from 2
to 8 hr) were rejected. Such a non-steady state occurred
in one hyperthyroid patient (No. 10) before treatment and
in another (No. 03) on control study.
The mean exponential descending slope was taken as the

fractional turnover rate constant (k, fraction per hour) of
total endogenous plasma triglyceride. The total triglyceride
turnover (production) rate (V) was then calculated from
the formula V (mg/hr/kg) = k X S X 0.45 X b, where S is
the mean concentration of plasma triglyceride (mg/100 ml)
in the four samples taken during the experiment. The factor
0.45 is based on the assumption that plasma volume repre-
sents the distribution space of triglyceride and forms 4.5%

TABLE I I I
Plasma Triglyceride Transport Data in Hyperthyroid Patients before and after Treatment

Untreated Treated

Fractional Turnover Fractional Turnover
No. Concentration rate rate Concentration rate rate

mg/100 ml hr-I mg/hr/kg mg/1JO ml hr'I mg/hr/kg
01 89 0.253 10.2
02 164 0.161 9.6 224 0.173 14.1
03 55 0.245 6.1 124* Unsuccessful
04 135 0.258 15.1
05 98 0.195 7.7 105 0.126 5.4
06 58 0.340 7.3
07 100 0.252 11.4
08 100 0.305 13.7 213 0.175 16.7
09 109 0.220 7.4 283 0.224 19.6
10 150* Unsuccessful 162 0.210 13.0
1 1 128 0.392 19.2 194 0.228 17.7
12 144 0.360 23.5 9 0,2$Q 15,Q
13 133 0,255 15.3
14* 101 0.276 12.6
15 122 0.417 22.9
16 156 0.432 25.8

Mean 113 0.292 13.9 186 0.202 14.5
SD 33 0.084 6.6 63 0.049 4.6

Controls
Mean 72 0.250 7.8 Pt <0.05 NS NS
SD 26 0.069 2.8
P§ <0.001 NS <0.01

* Omitted from statistical calculations.
t Significance of the difference before and after treatment.
§ Significance of the difference between hyperthyroid and control groups.
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TABLE IV
Plasma Triglyceride Transport Data in Patients

with Hypothyroidism

Plasma triglyceride

Fractional Total
transport turnover

No. Concentration rate rate

mg/100 ml hr-1 mg/hr/kg
17 167 0.088 5.3
18 148 0.059 3.5
19 92 0.200 6.3
20 111 0.165 6.6
21 184 0.110 9.1
22 194 0.195 13.2
23 157 0.118 8.3
24* 233 0.147 12.7
25 127 0.129 6.2
261 292 0.162 15.8
27 402 0.065 11.8
28 182 0.174 12.5

Mean 176 0.130 8.3
SD 86 0.051 3.3
P§ <0.001 <0.001 NS

* Omitted from statistical calculation because of possible
diabetes.
I Omitted from statistical calculation because of slight
diabetes.
§ Significance of difference from control group.

of ideal body weight in a normal human subject. Since the
plasma volume is less in excess adipose tissue than in the
rest of the body, a correction factor, b, for overweight has
been included in the formula. It is calculated from

b (4500+aX c) /459
100 + c )

where a represents the plasma volume per kg adipose tissue
and is 9.7 ml for men and 10.8 ml for women (16) and c
is the excess (17) of relative body weight (RBW per cent
- 100). The influence of thyroid disease on the plasma vol-
ume is known to be relatively small (18) and therefore no
correction for this was made. In some cases the plasma
volume was determined with radioiodinated albumin, and
good agreement with the calculated estimates was obtained.

Fractional removal of exogenous fat (Intralipid test). To
assess the rate of elimination of exogenous fat administered
intravenously as "chylomicron-like" particles, the Intralipid
test of Boberg, Carlson, and Hallberg (19) was employed.
Subjects were fasted overnight and were then given a 20%
fat emulsion (Intralipid) as a rapid infusion into an ante-
cubital vein. More uniform exogenous triglyceride concen-
trations at the end of lipid infusion were obtained by modi-
fying the dosage from that described in the original paper
(19). Thus, instead of the 0.1 g of fat per kg body weight
given in the earlier study, a dose of 0.1 g fat per kg of ideal
body weight plus 0.05 g per kg of excess body weight was
administered. This dosage resulted in initial exogenous tri-
glyceride plasma levels of 300-400 mg/100 ml. Blood samples
were drawn at 10, 15, 20, 25, 30 40, 50, and 60 min after

the infusion and plasma was separated by centrifugation.
The infused lipid was separated from the endogenous lipo-
protein-bound triglycerides by ultracentrifugation in a Spinco
Model L2 (Spinco Div., Beckman Instruments, Inc., Palo
Alto, Calif.) for 300,000 g-min at a density of 1.006. The
concentration of floating triglyceride was plotted against
time on a semilogarithmic scale, the descending slope was
drawn manually, and the elimination rate constant was ob-
tained in the usual way from K = In 2/ti (per cent/min).
The postheparin plasma lipolytic activity (PHLA). The

PHLA was determined from plasma samples taken 10 min
after i.v. injection of 0.2 mg/kg of heparin. The blood was
kept in ice and centrifuged in the cold and the plasma was
stored frozen until assayed, which usually occurred within
1 wk. Several earlier control studies had indicated that no
decrease of lipolytic activity occurred during this time of
storage. The activity was determined from duplicate sam-
ples by the method of Boberg and Carlson (20), which
utilizes Intralipid as substrate. The activity was expressed
as nmoles FFA released by 1 ml of plasma per minute.

Analytical methods. Triglyceride was determined by the
Technicon Autoanalyzer (Technicon Instruments Corp.,
Tarrytown, N. Y.) (21), plasma FFA and FFA released
in the PHLA by a colorimetric method (22), and plasma
glycerol by a fluorometric technique (23). All other data
were obtained from the routine clinical laboratory.

RESULTS

Endogenous triglyceride transport. The individual
triglyceride kinetic data are presented in Tables III
and IV and in Fig. 1. In untreated thyrotoxicosis the
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over rate of plasma triglyceride (all fractions) in hyper-thyroid (black dots) and hypothyroid (open dots) patients.The hatched area in each bar represents the mean ±+1 SD
of 34 healthy normal control subjects (10).
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FIGURE 2 Plot of plasma triglyceride concentration against
triglyceride turnover (production) rate in hyperthyroid
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vidual values for the euthyroid normal control group are
not shown here but the regression is significant at P < 0.01
level (10). The apparently linear concentration/turnover re-
lationship revealed by this plot does not imply that the
regression remains linear also at higher range of concen-
tration.

mean plasma triglyceride level was slightly but sig-
nificantly elevated as compared with the normal con-
trol group. Still most of the values were well within the
normal range (less than mean ±2 SD of controls). The
mean triglyceride fractional removal rate of hyper-
thyroid patients was not significantly different from
normal even though some individuals (Nos. 11, 12, 15,
16) showed high values. The average total triglyceride
turnover rate in thyrotoxicosis was clearly increased
over that in the normal control group. However, the
values were widely scattered and some patients with
moderate to severe thyroid hyperfunction showed a
completely normal triglyceride turnover. The nature
of the alteration of triglyceride kinetics in hyperthy-
roidism is further illustrated by Fig. 2, presenting a
plot of triglyceride concentration vs. turnover rate in
hyper- and hypothyroidism and the regression line de-
rived from a normal series (10). It is evident that most

hyperthyroid cases (10 of 14 subjects) are located
above the normal line, indicating that the triglyceride
concentration had increased less than predicted by the
increment of production rate (the expected increase
being assumed to occur along the normal line). In
hyperthyroid subjects the triglyceride concentration
showed a significant positive correlation with turnover
rate (Table VII).
The triglyceride transport kinetics were not returned

to normal after successful treatment of thyrotoxicosis
and the presence of euthyroid state during several
months. As is shown in Table III the triglyceride con-
centration increased markedly in five of the eight cases
studied. This was associated with a significant reduc-
tion of fractional removal rate in four instances while
in two cases the production rate of triglycerides was
increased. The mean decrease of the fractional disap-
pearance from 0.292 to 0.202 h' was not significant,
however. The average production rate of plasma tri-
glycerides was similar before and after treatment.

In hypothyroidism the triglyceride concentration was
increased but only to a moderate extent, so that there
was actually little difference between hyper- and hypo-
thyroid subjects. There was no visible lipemia except
in one subject (No. 27), who showed an opalescence of
fasting plasma. The fractional rate of triglyceride flux
was markedly decreased in most patients with hypo-
thyroidism, whereas the absolute total turnover rate
was within a normal range (Fig. 1). These differences
were also apparent when the overweight postmeno-
pausal female hypothyroid subjects were separately
compared with a matched control group (Table V).
Thus, the characteristic feature of triglyceride metab-
olism in hypothyroidism was a decrease in removal
efficiency. This is also apparent from Fig. 2, which
shows that the values of all hypothyroid patients were
located below the regression line of normal euthyroid
controls, i.e., these patients had a higher plasma tri-
glyceride level than predicted from the production rate.
One hypothyroid subject (No. 27) was reinvestigated
after adequate substitution with thyroxine. Her tri-
glyceride concentration fell from 402 to 140 mg/100 ml

TABLE V
Triglyceride Metabolism in Hypothyroidism: Comparison of Obese Postmenopausal

Hypothyroid and Euthyroid Females

TG fractional
Age BW TG concentration transport TG turnover rate

mg/100 ml hr-I mg/kg/hr
Hypothyroid (7) 60.5±2.9 123±16 1834103 0.139±0.058 8.943.7
Euthyroid (8) 55.943.5 139±26 134436 0.215±0.047 9.5±1.9
P NS NS NS <0.01 NS
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and this change was mainly accounted for by an in-
crease in the fractional removal rate from 0.065 to
0.166 per hour.
The plasma triglyceride turnover rate showed a

significant positive correlation with serum PBI and T3
in the hyperthyroid subjects as well as in the pooled
hyper- and hypothyroid cases (Table VII, Fig. 3).
The turnover rate was also correlated with the thy-
roidal radioiodine uptake in the pooled thyroid mate-
rial but not in the separate groups of thyroid hyper-
and hypofunction (Table VII).
Removal of i.v. particulate fat. The results of the

Intralipid test are illustrated in Fig. 4. The elimination
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Plasma FFA, Glycerol, and PHLA (Mean :SD) in

Disorders of Thyroid Function

FFA Glycerol PHLA

pmoles ;&moles nmoles
FFA/ml/min

Controls 510±113 (43) 72432 (15) 181445 (12)

Hyperthyroid
Untreated 9574±438 (15)* 162 ±60 (15)* 240±170 (11)t
Treated 697 4249 (8) 113 ±50 (8) -

Hypothyroid 3784146 (10)$ 61429 (10) 68±27 (6)*

The figures in parentheses show the number of cases studied.
* P < 0.001 for the difference from control group.
P < 0.05 for the difference from control group.

of infused triglycerides from the blood stream was
clearly accelerated in thyrotoxicosis and retarded in
hypothyroid subjects with little overlapping of the
values of the two thyroid groups and those of the
euthyroid control subjects. Because of the slow fat re-
moval in hypothyroid patients many tests in this group
failed to give an adequate exponential slope and there-
fore the number of successful experiments in this
category remained small. There was no significant cor-
relation between the Intralipid fractional rate con-
stant and the three parameters of endogenous plasma
triglyceride metabolism (Table VII) but the corre-
lation coefficients for K-value vs. endogenous triglyce-
ride concentration and turnover rate were both close
to the border of significance.

Postheparin plasma lipolytic activity. The mean
plasma PHLA was increased in the untreated hyper-
thyroid state and decreased in hypothyroidism (Table
VI). However, there was no correlation between the
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FIGuRE 4 Fractional clearance rate of i.v. fat emulsion,
Intralipid in patients with thyroid dysfunction as compared
with euthyroid control subjects.

FIGURE 5 Correlation of fractional removal rate of endoge-
nous plasma triglyceride and postheparin plasma lipolytic
activity in patients with thyroid disease.
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TABLE VI I
Correlations of Some Parameters of Triglyceride Metabolism

No. x y r P

Hyperthyroid subjects
14 TG concentration TG turnover rate 0.66 <0.01
14 TG concentration TG fractional transport 0.16 NS
14 TG turnover rate Age 0.50 NS
14 TG turnover rate Serum PBI 0.53 <0.05
13 TG turnover rate T3 test 0.56 <0.05
9 TG turnover rate Radioiodine uptake 0.10 NS
14 FFA concentration TG turnover rate 0.06 NS
13 Glycerol concentration TG turnover rate 0.14 NS

Hypothyroid subjects
10 TG concentration TG turnover rate 0.57 NS
10 TG concentration TG fractional transport -0.48 NS
10 TG turnover rate Serum PBI 0.27 NS
10 TG turnover rate T3 test 0.08 NS
10 TG turnover rate Radioiodine uptake 0.57 NS

All thyroid patients
24 TG concentration TG turnover rate 0.18 NS
24 TG concentration TG fractional transport -0.44 <0.05
24 TG turnover rate Serum PBI 0.60 <0.01
23 TG turnover rate T3 test 0.64 <0.001
18 TG turnover rate Radioiodine uptake 0.55 '<0.05
22 FFA concentration TG turnover rate 0.30 NS
17 Glycerol concentration TG turnover rate 0.16 NS
17 Glycerol concentration FFA concentration 0.82 <0.001
11 Intralipid K-value TG concentration -0.53 NS
11 Intralipis K-value TG fractional transport 0.08 NS
11 Intralipid K-value TG turnover rate -0.42 NS
10 Intralipid K-value PHLA 0.45 NS
16 PHLA TG concentration -0.47 NS
16 PHLA TG fractional transport 0.79 <0.001

NS, P > 0.05.

plasma triglyceride concentration and PHLA in the
combined thyroid group. On the other hand, PHLA
showed a highly significant correlation with the frac-
tional rate constant of endogenous plasma triglyceride
(Fig. 5), whereas the correlation with the elimination
rate of exogenous triglyceride did not reach the limit
of significance (Table VII).
Pkasma FFA and glycerol. The mean fasting plasma

FFA level was markedly increased in untreated thyro-
toxicotic subjects and slightly reduced in hypothyroid
patients (Table VI). In the former group the value
decreased on treatment, even though it did not reach
the normal level. Basal plasma glycerol concentration
was also clearly above normal in thyrotoxicosis but
was not significantly altered by hypothyroidism (Table
VI). In a mixed group of all thyroid patients the
glycerol and FFA levels were closely correlated with
each other but they showed no relationship to any of
the parameters of endogenous triglyceride transport
(Table VII).

DISCUSSION
The results of the present study suggest that thyroid
hormones influence both production and removal of
plasma triglycerides in man. In the hyperthyroid state
the main alteration is increased synthesis of endogenous
plasma triglycerides. This leads to an elevation of
plasma triglyceride concentration, which is relatively
slight, however, since the efficiency of triglyceride elim-
ination is simultaneously increased. In thyroid hypo-
function, on the other hand, slight or moderate hyper-
triglyceridemia develops as a result of impaired removal
of endogenous triglycerides, and the elimination of
exogenous fat particles is also decreased.
The mechanisms responsible for these kinetic changes

are not clear, but in view of the multiple metabolic
actions of thyroid hormones there are a number of
possible explanations for the enhanced hepatic synthesis
and release of VLDL-triglycerides in thyrotoxicosis. It
has been demonstrated repeatedly that in clinical and
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experimental hyperthyroidism the turnover rate and
plasma concentration of FFA (9, 24-27) and glycerol
(28) are both markedly increased, evidently due to
activation of adenyl cyclase (29) and concomitant
stimulation of lipolysis in adipose tissue (30, 31) by
thyroid hormones. These findings are well supported by
the results of the present study. High plasma concen-
trations of both FFA and glycerol, on the other hand,
are effective stimulators of hepatic VLDL-triglyceride
synthesis and release. A second factor acting in the
same direction is enhancement of hepatic fatty acid
synthesis by thyroid hormones (32-34). It has been
shown that the release of triglycerides by an isolated
perfused rat liver is closely related to the rate of
de novo fatty acid synthesis (35). Furthermore, there
are reasons for assuming that the synthesis of VLDL-
apoproteins is also stimulated by thyroid hormones.
Thus, it is known that thyroxine increases the hepatic
protein synthesis in vivo (32) and in vitro (36) and
that the production of plasma albumin (37, 38) and
of LDL (39) are elevated in hyperthyroidism. It is
possible that these changes are related to the hepatic
hypertrophy induced by excess of thyroid hormones.
Additional factors which also might contribute to the
increased hepatic secretion of triglycerides in hyper-
thyroidism are hyperglycemia and excessive insulin
response. Several studies have indicated that elevated
fasting blood glucose and impaired glucose tolerance
are frequently observed in patients with thyrotoxicosis
(8, 40, 41) and the presence of hyperinsulinism in this
disease has been recently reported (8). Both hyper-
glycemia and high plasma insulin levels are believed to
stimulate the synthesis of endogenous plasma triglyce-
rides (for review see reference 42).

It is not known whether an increased hepatic blood
flow influences the secretion of triglycerides by the
liver. The absolute rate of blood flow through the liver
is increased in hyperthyroidism, even though the frac-
tion of the cardiac output received by the liver is not
changed (43, 44). It is not certain, however, that this
factor increases the release of triglycerides from the
liver and it is not impossible that the relative oxygen
deficit observed in the liver in thyrotoxicosis (45) may
even partially inhibit triglyceride and lipoprotein syn-
thesis.
The fractional removal rate of endogenous plasma

triglycerides in hyperthyroid patients was not sig-
nificantly different from the corresponding value in
normal subjects, but the rate constant K of intrave-
nously administered exogenous particulate fat was
clearly increased in hyperthyroidism. On comparison
of the triglyceride concentration and production rate
(Fig. 2) it is evident that major part of the hyper-
thyroid patients had a smaller concentration than ex-

pected on the basis of production rate if the relation-
ship of these two variables in a normal population is
used as reference basis. This means that in some
thyrotoxic subjects, at least, the removal efficiency of
endogenous triglycerides is also increased. This postu-
late is further supported by the observation in the
present study that on transition from the hyperthyroid
to the euthyroid state the fractional removal of en-
dogenous triglycerides was decreased in most instances.

Accelerated removal of plasma triglycerides in thy-
rotoxicosis could be accounted for by an increased ac-
tivity of lipoprotein lipase or by an increased rate of
blood flow at active removal sites or both. The present
stud.y indicated that the lipolytic activity of postheparin
plasma was slightly above normal in thyrotoxic sub-
jects, but this may have been due to enhanced liberation
of the enzyme into the circulation by heparin rather
than to an actual increase of tissue activity. In a
parallel study made in our laboratory it was observed
that administration of thyroxine to rats diminishes the
lipoprotein lipase activity of adipose tissue.2 A more
important factor for the removal process might be the
blood flow, which is known to be much increased in
skeletal muscle (46) and skin (45) in thyrotoxicosis.
Both of these tissues (subcutaneous adipose tissue) are
probably important loci in triglyceride removal. In
this connection it is of interest that another state with
increased muscular perfusion, viz. exercise, is also
accompanied by enhanced removal of exogenous tri-
glycerides from the circulation (47).
The present results on the kinetic behavior of plasma

triglycerides in the hyperthyroid state are at variance
with the data of Sandhofer, Sailer, and Braunsteiner
(9), who found decreased formation and unaltered
clearance of plasma triglycerides in thyrotoxicosis.
However, they used the conversion of radioactivity
from plasma FFA into plasma triglyceride as the mea-
sure of triglyceride production, without correction for
the fraction removed during the experiment. This
method yields erroneously low values for production
rate even in a normal state (48) and the extent of the
error is further accentuated on increase of the frac-
tional removal rate. Furthermore, the method using
FFA incorporation rate for estimation of triglyceride
turnover does not take into account the fractions of
triglyceride which originate from slow intrahepatic
fatty acid pathways and de novo fatty acid synthesis.
One of the most interesting and unexpected findings

of the present study was the increase of plasma tri-
glyceride concentration that often followed successful
treatment of thyrotoxicosis. Although the number of
cases with a follow-up study was small, it seems justi-

'Pykailist6, O., and E. A. Nikkila. Manuscript in prepara-
tion.
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fied to suggest that when transition from the hyper-
thyroid state to clinical and hormonal euthyroidism is
achieved, the production of plasma triglycerides tends
to remain at a supernormal level, while the elimination
of triglycerides from the circulation is diminished and
leads to development of hypertriglyceridemia. It thus
seems likely that many metabolic (and morphological?)
consequences of a chronic hyperthyroid state are not
alleviated in line with the decrease of circulating thy-
roid hormone but persist for months after the latter
has been returned to normal (or are not reversible at
all). A similar persistent triglyceride overproduction
has been observed after cessation of chronic oral con-
traceptive treatment (49).
The changes of triglyceride metabolism in hypo-

thyroidism are not the exact opposite of those occurring
in thyrotoxicosis. Hepatic triglyceride production was
not diminished in severely hypothyroid subjects even
though the plasma FFA levels were slightly less than
in normal controls. This latter finding conforms with
the observations on decreased sensitivity of adipose
tissue of hypothyroid animals to lipolytic agents (30,
50, 51). The fact that the hepatic triglyceride output
is not clearly decreased in spite of decreased concen-
trations of thyroid hormones and FFA may indicate
that plasma triglyceride production is not absolutely
dependent on the presence of thyroid hormones and
is not sensitive to variations of plasma FFA at low
concentration range.
The biochemical or hemodynamic basis of the de-

ficient triglyceride removal in hypothyroidism remains
to be determined. However, the close association ob-
served here between the endogenous triglyceride frac-
tional transport and the plasma PHLA in extreme
cases of thyroid hyper- and hypofunction suggests that
thyroid hormone is important for the synthesis of lipo-
protein lipase and that the latter plays a central role
in the elimination of. triglyceride particles of any size.
This conclusion is also well supported by previous
findings (5, 7) and by the observed variations in elimi-
nation of exogenous fat particles. On the other hand,
one should not overlook the possibility that the rate
of circulation might be a common factor for both the
triglyceride removal process and the release of lipo-
lytic activity by heparin. In any case, demonstration
of a correlation between these parameters is possible
only with extreme cases, represented here by patients
from both ends of the scale of thyroid function.
Addendum. Since this paper was submitted for publica-

tion Arons, Schreibman, Downs, Braverman, and Arky (52)
reported a study of PHLA activity in Graves' disease. They
found a decrease of both PHLA and postheparin mono-
glyceridase activity in 10 patients with untreated Graves'
disease. The values remained at a subnormal level also after
successful treatment of the hyperthyroidism. Thyroid hor-

mones administered to euthyroid subjects did not reduce
the PHLA.
We have no explanation for the discrepancy between above

results and those obtained in the present study. One possi-
bility is that the patients of the New England study had a
more severe thyroid hyperfunction than the present ones
but a comparison in this respect is not possible since no
clinical or laboratory data were reported. In our series the
patient with the most severe thyrotoxicosis (No. 08) had
PHLA level less than normal mean - 1 SD.
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