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Increased plasma insulin levels, both in
the fasting state and in response to glucose
loads have been reported in patients with
primary hyperparathyroidism (1). In this
study surgical correction of the hyperpara-
thyroidism was associated with a decrease in
plasma insulin levels. However, since glucose
tolerance in these patients was similar be-
fore and after surgery, it appears that a
state of insulin resistance coexisted with
the hyperparathyroidism. Documentation
of these findings would add hyperparathy-
roidism to the list of pathologic states as-
sociated with antagonism to the action of
insulin (2). Furthermore, since hyperin-
sulinemia and insulin resistance are often
associated with hypertriglyceridemia (3),
patients with primary hyperparathyroidism
might have an increased incidence of ele-
vated plasma triglyceride levels. In order to
evaluate these possibilities, we have meas-
ured plasma levels of glucose, insulin,
triglyceride, and cholesterol, and directly
estimated insulin resistance in a group of
patients before and after surgical correction
of primary hyperparathyroidism.

Methods. Seven subjects with suspected
primary hyperparathyroidism were admitted
to the Stanford Clinical Research Center.
The group included six females and one
male, and had a mean age of 43 yr. All
patients consumed a weight maintenance
liquid formula diet which included 10 mg/
kg/day of calcium. Various studies of cal-
cium metabolism were undertaken after 3
days of dietary stabilization; including
serum calcium, phosphorus and parathy-
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roid hormone level determinations, 24-hr
urinary calcium and phosphorus measure-
ments, and hand, skull, and chest X-rays.
Other possible causes of hypercalcemia were
excluded by appropriate investigation.

On the fifth and sixth days of hospitali-
zation, blood was drawn after an overnight
fast for measurement of plasma triglyceride
and cholesterol levels. On the fifth hospital
day, each patient received an oral glucose
load of 40 g/m?, and samples for plasma
glucose and insulin determination were
drawn during the following three hours.
On the sixth hospital day, five patients re-
ceived a constant infusion of glucose (6
mg/kg/min), insulin (80 munits/min), epi-
nephrine (6 ug/min), and propranolol (0.08
mg/min). As previously reported (4), en-
dogenous insulin secretion and hepatic
glucose production are both inhibited during
the infusion. Steady state plasma glucose
and insulin levels are reached 90 min after
the start of the infusion, and blood is then
taken for measurement of plasma glucose
and insulin levels every 10 min for the next
60 min. Since similar steady plasma insulin
levels are achieved in all subjects, and since
each patient receives glucose at the same
infusion rate, the mean of these seven
steady state plasma glucose measurements
provides a direct estimate of the efficiency
of each patient’s insulin mediated glucose
uptake, i.e., his insulin resistance.

All patients returned for reevaluation one
to 4 mo following surgical correction of
their hyperparathyroidism. The protocol
was identical to that followed during the
preoperative investigation. No patient had
a change in weight of more than 1.8% be-
tween the two study periods.

Plasma glucose was determined by the
method of Hoffman (5) and plasma insulin
by a double antibody system (6). All insulin
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measurements for a subject were done in
triplicate, in a single assay after completion
of the postoperative studies. Plasma tri-
glyceride, cholesterol and serum calcium
were measured on a Technicon AutoAna-
lyzer (7). Serum parathyroid hormone levels
were measured by Dr. C. D. Hawker of
the Upjohn Laboratory, with a normal range
163-347 pg/ml (8). Statistical analysis was
performed by the use of the paired two-
tailed Student’s # test.

Results. The diagnosis of primary hyper-
parathyroidism was confirmed at surgery
in all seven patients. Mean (+SE) serum
calcium, which was 12 + 0.3 mg/100 ml
preoperatively, fell to 9.5 = 0.3 mg/100
ml after surgery (P < .001). Parathyroid
hormone levels decreased in all patients, and
fell from a mean preoperative level of 312 &+
20 pg/ml to 231 = 13 pg/ml postoperatively
(P < 0.01). (Although the preoperative
parathyroid hormone levels were within the
normal range, it must be pointed out that
these preoperative levels were associated
with hypercalcemia.)

Mean plasma glucose and insulin re-
sponses to an oral glucose load before and
after surgery are presented in Fig. 1. Al
though the glucose levels appear com-
parable during the two tests, the fasting and
three hour glucose levels are significantly
lower following surgical correction of hy-
perparathyroidism. The plasma insulin levels
are also similar, with the exception of the
mean insulin level at 30 min which is sig-
nificantly greater when the patients are
hyperparathyroid.

Figure 2 depicts the pre- and postopera-
tive steady state levels of plasma glucose
and insulin during the infusion of glucose,
insulin, epinephrine and propranolol. It
can be seen that similar levels of plasma
insulin existed in both studies. There was
no significant difference in mean steady
state plasma glucose levels, and examination
of the individual steady state glucose levels
during the two infusion studies indicates
that three of the five patients studied had
modest decreases in their postoperative
glucose levels, while two did not change.
Furthermore, there was no significant de-
gree of correlation between the mean steady
state plasma glucose level and the preopera-
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Fic. 1. The 3-hr glucose and insulin levels (mean
+ SE) of the seven subjects after an oral glucose
load of 40 g/m? during the preoperative (pre) and
postoperative (post) study period. * P < 0.05; ** P
< 0.01.

tive serum levels of either parathyroid hor-
mone or calcium.

Mean levels of plasma triglyceride and
cholesterol were unchanged after surgery
compared to the preoperative period (Table
I). Three patients had increases in their
levels of plasma triglyceride after surgery,
three patients had decreased levels post-
operatively, and one patient showed no
change. Plasma cholesterol levels did not
change in any of the patients.

Discussion. On one hand, the results of
the current study seem to corroborate the
observations of Kim and associates (1)
that insulin resistance and plasma insulin
levels fall following surgical correction of
primary hyperparathyroidism. Thus, plasma
glucose levels were modestly increased in
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Fic. 2. The steady state plasma glucose and in-
sulin levels (mean + SE) and the individual pre-
operative (pre) and postoperative (post) steady state
plasma glucose levels in the five subjects studied.

TABLE 1. EFFECTS OF PARATHYROIDECTOMY ON
PLAasMA LipiDs.

(Mean < SE)

Before After
Plasma triglycerides 170 £ 28 167 + 24
(mg/100 ml)
Plasma cholesterol 221 £ 24 211 + 14
(mg/100 ml)

patients with hyperparathyroidism in the
fasting state and 3 hr after oral glucose.
Furthermore, plasma insulin levels were
significantly higher at the 30-min time in-
terval during the oral glucose tolerance
tests in hyperparathyroid patients. These
changes are certainly consistent with the
hypothesis that increased levels of circulat-
ing parathyroid may modify glucose and
insulin metabolism.

On the other hand, our results also indi-
cate that the effects of primary hyperpara-
thyroidism on glucose and insulin metabo-
lism are quantitatively modest. For ex-
ample, the only patient with an abnormal
oral glucose tolerance test by the revised
criteria of Fajans and Conn (9) before
surgical repair of this hyperparathyroidism,
still had an abnormal test postoperatively.
Similarly, an effect of hyperparathyroidism
on insulin response was only seen at the 30
min time interval. Furthermore, although
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three subjects showed a modest postopera-
tive decrease in their level of insulin re-
sistance, as measured by our infusion tech-
nique, all three had quite normal steady
state plasma glucose levels during the pre-
operative study (4). Only the patient with
abnormal glucose tolerance had an abnor-
mally high steady state glucose level, and
he showed no change postoperatively. It
is interesting to note that this individual
had the second lowest preoperative serum
parathyroid hormone levels. Furthermore,
in this regard, preoperative levels of para-
thyroid hormone and calcium did not cor-
relate with the degree of insulin resistance.
Finally, although the mean plasma tri-
glyceride level was somewhat elevated pre-
operatively, the range of individual values
varied widely and only one of the seven
subjects had a plasma triglyceride level
outside of the 95% confidence limits (cor-
rected for sex and age) found in a recent
survey of a normal population (10). Further-
more, correction of the hyperparathyroidism
had no consistent effect on plasma triglyc-
eride levels.

Taken together, these results indicate
that while increased levels of parathyroid
hormone may result in insulin resistance,
the effect on plasma glucose, insulin, and
lipid levels in patients with primary hyper-
parathyroidism is a modest one. This con-
clusion is consistent with the fact that pre-
vious clinical surveys have failed to note
carbohydrate intolerance in patients with
hyperparathyroidism (11, 12). In addition,
Halver (13) could not document any change
in the plasma glucose response when intra-
venous glucose tolerance tests were per-
formed pre- and postoperatively in hyper-
parathyroid patients. Indeed, many of the
differences in insulin response of hyper-
parathyroid patients before and after sur-
gery described by Kim, et al. (1) were rela-
tively minor in magnitude. Thus, although
there appear to be statistically significant
effects of parathyroid hormone on plasma
glucose and insulin levels, the changes in
carbohydrate and lipid metabolism that
occur in patients with primary hyperpara-
thyroidism seem to be of relatively minor
biological significance.



INSULIN RESISTANCE IN HYPERPARATHYROIDISM 945

We wish to thank Miss Phyllis Crapo, Miss Janet
Wagner, Mrs. Jorene Moore and the nursing staff
of the Clinical Research Center for their assistance.
This work was supported in part by the Veterans
Administration, and from grants from the National
Institutes of Health, No. HL 08506, N.H.L.I. and
No. RR-70 from the General Research Centers
Branch.

1. Kim, H., Kalkhoff, R. K., Costrini, N. V.,
Cerletty, J. M., and Jacobson, J., J. Clin. Invest.
50, 2596 (1971).

2. Olefsky, J., Farquhar, J. W., Reaven, G. M,,
Diabetes 22, 507 (1973).

3. Olefsky, J., Farquhar, J. W., and Reaven, G. M.,
Amer. J. Med. In press (1974).

4. Shen, S. W., Reaven, G. M., Farquhar, J. W.,
J. Clin. Invest. 49, 2151 (1970).

5. Hoffman, W., J. Biol. Chem. 120, 51 (1937).

10.

11.
12

13.

. Hales, C. N., and Randle, P. J., Biochem. J. 88,

137 (1963).

. AutoAnalyzer Methodology, Technicon Instru-

ments Corp., Tarrytown, New York. (1964).

. Blair, A., Hawker, C. D., and Utiger, R. O,,

Metabolism 22, 147 (1973).

. Standardization of the oral glucose tolerance

test. Report of the Committee on Statistics of
the American Diabetes Association. Diabetes
18, 299 (1969).

Wood, P. D., Stern, M. P, Silvers, A., Reaven,
G. M., and Von Der Groeben, J., Circulation
45, 121 (1972).

Dent, C. E., Brit. Med. J. 2, 737 (1962).

Purcell, D. C., Smith, L. H., Scholz, D. A,,
Elvebock, L. R., and Arnaud, C. D., Amer. J.
Med. 50, 620 (1971).

Halver, B., Acta Med. Scand. 182, 737 (1967).

Received July 26, 1974. P.S.E.B.M., 1975, Vol. 148.



