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Abstract While derangements in glucose metabolism in
patients with primary hyperparathyroidism are well-
defined, this issue is not investigated in patients with nor-
mocalcemic primary hyperparathyroidism (NPHPT). The
aim of this study was to investigate the presence of insulin
resistance in patients with NPHPT. Eighteen patients with
NPHPT (two males and 16 females) and 18 healthy vol-
unteers were enrolled into the study. Secondary causes of
parathyroid hormone elevations were excluded in all
patients. Blood samples were obtained for the measurement
of serum calcium, phosphate, alkaline phosphatase (ALP),
albumin, creatinine, glucose, and serum lipid levels. Glu-
cose and insulin responses to oral glucose tolerance test
(OGTT) were obtained. Homeostasis model assessment
(HOMA-IR) was also used as an indice of insulin resis-
tance. Patients and control subjects had similar age, body
mass index, and sex distribution. Although within normal
limits, serum calcium and ALP levels were higher in
patients than in the control subjects. None of the patients
and the control subjects had diabetes mellitus, while eight
patients and six control subjects had impaired glucose
tolerance. Insulin responses to OGTT and HOMA-IR were
not significantly different among the patient and control
subjects. In addition, both groups have similar serum lipid
levels. Patients with NPHPT do not exhibit insulin resis-
tance and glucose intolerance. Since so little is known
about this form of disease, subjects should be monitored
regularly for the metabolic aspects of the disease as well as
the progression of their disease.
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Introduction

Primary hyperparathyroidism (PHPT) is the third most
common endocrine disorder characterized by incompletely
regulated, excessive secretion of parathyroid hormone
(PTH) from parathyroid glands with a prevalence of 3 per
1,000 in the general population [1, 2]. Normocalcemic pri-
mary hyperparathyroidism (NPHPT) is a clinical phenome-
non in which elevated serum PTH levels are observed with
normal serum calcium concentrations in lack of secondary
causes such as vitamin D deficiency, renal or liver disease or
malabsorption. Available data do not suggest that NPHPT is
a mild or asymptomatic form of classical PHPT [3].

While derangements in glucose and lipid metabolism in
primary hyperparathyroid patients are well-defined [4-7],
to the best of our knowledge only a few reports exist
regarding metabolic abnormalities in patients with NPHPT
[8, 9]. Moreover those studies fail to identify a truly nor-
mocalcemic primary hyperparathyroid state since the study
population include vitamin D deficient individuals or the
patients were limited to only postmenopausal women. In
this study, we aimed to investigate insulin resistance in
patients with NPHPT in whom secondary causes of PTH
elevations rigorously excluded and make a comparison of
the data obtained from healthy individuals.

Patients and methods

Eighteen patients with NPHPT (two males and 16 females)
with a mean age of 49.9 £ 2.4 (range 35-65 years) years
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and 18 age, gender and body mass index (BMI) matched
healthy volunteers were enrolled into the study. The study
was approved by the local Ethics Committee and all the
patients and the control subjects gave informed consent.
All patients had concomitantly elevated serum PTH con-
centration (reference range 10-65 pg/ml), and normal
serum total calcium concentration associated with normal
serum albumin levels. All patients had 25-hydroxy vitamin
D (25 (OH)-D) concentrations higher than 20 ng/ml as
described previously [1]. We have repeated serum calcium
and PTH measurements at least three times with 2 week
intervals before inclusion in order to exclude intermittent
elevations of serum calcium levels. The individuals who
participated in the study as controls were selected from
hospital staff. None of the healthy controls and patients had
hypertension, diabetes mellitus (DM), family history for
DM or gestational DM, renal or liver diseases diagnosed
previously, or receiving any prescriptions that known to
effect on serum calcium level, glucose and lipid metabo-
lism. All subjects were on free diet for at least 3 days
before oral glucose tolerance test (OGTT).

At study entry all subjects underwent a physical exam-
ination; height and weight measurements were recorded for
assessment of BMI. BMI was calculated as body weight
divided by the square of the height (body weight (kg)/
height (m)?). Blood samples were obtained after an over-
night fast for the measurement of serum calcium, phos-
phate, alkaline phosphatase (ALP), albumin, creatinine,
glucose, triglycerides, total cholesterol (Total-C), low
density lipoprotein cholesterol (LDL-C), and high density
lipoprotein cholesterol (HDL-C) levels.

Standard OGTTs with 75 g glucose were performed
between 0800 and 0900 h. Blood samples were taken just
before (0 min) and 30, 60, 90, and 120 min after adminis-
tration of glucose with 300 ml water orally for the mea-
surement of serum glucose and insulin concentrations. Area
under the curves (AUC) of glucose and insulin during OGTT
were calculated according to trapezoid rule. Homeostasis
model assessment (HOMA-IR) was also used as an indice of
insulin resistance [10]. HOMA-IR was calculated as (fasting
insulin (pu/ml) x fasting glucose (mmol/1)/22.5). Glucose
tolerance was evaluated by using the criteria of the American
Diabetes Association, and impaired glucose tolerance (IGT)
was defined asa 2 h postload glucose of 140 mg/dl or greater
and less than 200 mg/dl [11].

Serum’s total calcium and phosphate levels were
assayed by automated analysis using colorimetric and
enzymatic methods. Serum intact PTH concentrations were
measured by an electrochemiluminescence immunoassay
(ECLIA) in Cobas e 601 (Roche Diagnostics, Mannheim,
Germany) with the inter- and intra-assay coefficient of
variation of 1.1-2.0 and 2.8-3.4%, respectively. Serum
25 (OH)-D was measured by HPLC method with
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Chromsystems in HPLC Agilent 1100 series (Germany).
Lipid measurements were done by routine methods using
commercial assays.

Statistical analysis was performed using the SPSS 13.0
program. All data were subjected to a Kolmogorov—Smir-
nov test for normality and data were presented as
mean + SEM. Because the groups were not normally dis-
tributed, Mann—Whitney U and Wilcoxon tests were used to
compare the differences between groups and within groups,
respectively. p < 0.05 was accepted as significancy.

Results

The demographic characteristics of the patient and control
groups were similar as shown in Table 1. Patients and
control subjects had similar age, BMI and sex distribution.
Although within normal limits, serum calcium and ALP
levels were higher in patients than in the control subjects.
The patients with NPHPT had significantly (p < 0.001)
higher serum PTH levels than controls (Table 1). Mean
serum 25 (OH)-D level was 54.5 4+ 12.4 ng/ml in the
patient group.

Seventeen patients were evaluated by methoxy isobutyl
isonitrile (MIBI) scintigraphy; three (17.6%) patients had
positive MIBI scintigraphy, four (23.5%) patients had sus-
picious scintigraphy, and ten (58.5%) patients had negative
scintigraphy. Two (11.1%) patients had history of nephro-
lithiasis, eight out of 17 patients (47%) had osteoporosis.

None of the patients and the control subjects had DM,
while eight patients and six control subjects had IGT.
Insulin responses to OGTT and HOMA-IR were not sig-
nificantly different among the patient and control subjects
(Table 2). In addition, both groups have similar serum lipid
levels.

Table 1 Demographic and clinical features of patients and control
subjects

Patients with Control p value

NPHPT subjects

n=18 n=18
Age (year) 499 +24 483 £ 1.8 NS
BMI (kg/m?) 317+ 1.2 321+12 NS
Serum calcium (mg/dl) 9.7 £0.1 92+ 0.1 <0.05
Serum phosphate 3.1 £0.1 32+0.1 NS

(mg/dl)

ALP (U/) 79.6 = 6.4 63.1 £4.2 <0.05
PTH (pg/ml) 148.6 + 19.0 495 £ 2.2 <0.001

Data are presented as SEM

NS not significant, NPHPT normocalcemic primary hyperparathy-
roidism, ALP alkaline phosphatase, PTH parathyroid hormone
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Table 2 Insulin resistance
parameters and serum lipid
profile of patients and control
subjects

Data are presented as SEM

NS not significant, HDL high
density lipoprotein, LDL low

421
Patients with Control p value
NPHPT n = 18 subjects n = 18
Fasting glucose (mg/dl) 84.6 + 2.6 96.0 £+ 2.6 NS
120 min glucose (mg/dl) 126.6 £+ 8.2 113.0 £9.2 NS
HOMA-IR 40+ 1.18 22+03 NS
AUC glucose 17524.8 + 1311.0 17340.8 + 777.0 NS
AUC insulin 5430.8 + 800.3 5837.9 + 764.5 NS
Total cholesterol (mg/dl) 204.59 + 8.66 216.72 £ 10.15 NS
HDL cholesterol (mg/dl) 49.54 + 3.21 45.28 £+ 2.05 NS
LDL cholesterol (mg/dl) 136.45 £ 8.36 144.44 £+ 8.47 NS
Triglyceride (mg/dl) 130.24 £+ 11.31 133.89 + 12.50 NS

density lipoprotein

Discussion

Normocalcemic PHPT is being increasingly identified with
the availability and widespread usage of PTH assays. It is
questionable that NPHPT may be considered as an early,
subclinical, asymptomatic phase of classical PHPT. Dim-
kovic et al. [12] investigated 414 patients who had renal
stone disease and 40 of these patients (9.6%) were found to
have elevated serum PTH level and normal serum calcium
levels. Improvements in quality of life after parathyroid-
ectomy in patients with NPHPT may indicate that this
patient group is not truly asymptomatic and may share
similar features with hypercalcemic population [13]. In our
study population, overall 47% of the patients had osteo-
porosis. This is not surprising data since the findings
leading to a diagnosis of NPHPT were first observed in
patients who are referred for low bone mass. Eleven per-
cent of our patients had nephrolithiasis and these data
suggest that patients with NPHPT actually have involve-
ment of different systems and are not truly asymptomatic.

The relationship between glucose and calcium metabo-
lism was well-established with several previous studies. In
a community-based cohort, Hagstrom et al. [14] investi-
gated the association between serum calcium and insulin
sensitivity and found that endogenous calcium may be
involved early in the development of diabetes which is
mediated by the effects on insulin sensitivity rather than
insulin secretion. It has been shown that patients with
PHPT have increased prevalence of type 2 diabetes mel-
litus and successful parathyroidectomy resulted in ame-
lioration of glucose intolerance [15].

The picture consists of close relationship between PHPT
and impaired glucose metabolism rises the question that do
the patients with NPHPT also have alterations in glucose
metabolism. To the best of our knowledge, there are lim-
ited data on this issue. In a study from Turkey, insulin
sensitivity in 61 patients with asymptomatic PHPT was
investigated. Twenty of them reported to be normocalce-
mic. No significant differences were found in the

prevalence of preexisting DM, undiagnosed IGT and newly
diagnosed DM, when compared with healthy controls. But
inclusion criteria fail to determine a truly normocalcemic
primary hyperparathyroid state since some patients have
serum 25 (OH)-D levels lower than 20 ng/ml [8]. In a
population based screening of postmenoposal women, 30
patients suffering from NPHPT were detected and reported
to have higher blood glucose, BMI, very low density
cholesterol, LDL-C/HDL-C ratio, triglycerides, and a
lower HDL-C levels than the controls. Vitamin D defi-
ciency could not be excluded because vitamin D mea-
surements were not involved as an inclusion criterria [9].

Our aim was to investigate glucose and lipid metabo-
lisms in patients with well-defined NPHPT. At least to our
knowledge, there is no study investigating insulin resis-
tance and glucose intolerance in patients with NPHPT.
Indicators of insulin resistance, as determined by HOMA
index and insulin responses to OGTT, were not different
from the values of control group. None of the patients had
DM during OGTT and similar (eight vs. six) number of
cases showed IGT. It is interesting that while patients with
NPHPT having negative effects on bone metabolism,
effects on carbohydrate metabolism were not different
from healthy subjects.

Several studies showed significant correlations between
total calcium concentrations with fasting glucose and
insulin resistance [16, 17]. Tassone et al. [18] investigated
the frequency of insulin resistance and glucose intolerance
in 122 patients with PHPT. They have used OGTT-derived
estimates of insulin sensitivity and compared the data with
61 healthy subjects. The authors found reduced both basal
and stimulated indices of insulin sensitivity markers in
patients with PHPT and also showed for the first time that
serum calcium level, significantly and independently,
contributed to impaired insulin sensitivity. Recently,
Yamaguchi et al. [17] examined patients with type 2 DM
(271 men, 209 women) and analyzed the relationships
between serum concentrations of calcium, intact PTH and
diabetes related variables. They suggest that the serum

@ Springer



422

Endocrine (2012) 42:419-422

calcium not the PTH is potentially involved in the aggra-
vation of hyperglycemia and insulin resistance in type 2
diabetic men. In the present study, data obtained from
normocalcemic hyperparathyroid patients support the
importance of hypercalcemia, rather than PTH levels, on
insulin resistance from another point of view. However, we
must note that the current study is cross-sectional and those
patients may have altered glucose metabolism during fol-
low-up, as it has been reported that with an average follow-
up of 4 years, 22% of patients with NPHPT became
hypercalcemic [19].

In conclusion, contrast to hypercalcemic PHPT, patients
with NPHPT do not exhibit insulin resistance and glucose
intolerance. Since so little is known about this form of
disease, subjects should be monitored regularly for the
metabolic aspects of the disease as well as the progression
of their disease and larger studies with more patients would
be helpful to make a deep understanding in the clinical
features of patient population with NPHPT.

References

1. S.J. Silverberg, J.P. Bilezikian, “Incipient” primary hyperpara-
thyroidism. A “forme fruste” of an old disease. J. Clin. Endo-
crinol. Metab. 88, 5348-5352 (2003)

2. L.H. Duntas, N. Stathatos, Cinacalcet as alternative treatment for
primary hyperparathyroidism: achievements and prospects.
Endocrine 39, 199-204 (2011)

3. H. Lowe, D.J. McMahon, M.R. Rubin, J.P. Bilezikian, S.J. Sil-
verberg, Normocalcemic primary hyperparathyroidism: further
characterization of a new clinical phenotype. J. Clin. Endocrinol.
Metab. 92, 3001-3005 (2007)

4. M. Procopio, G. Magro, F. Cesario et al., The oral glucose tol-
erance test reveals a high frequency of both impaired glucose
tolerance and undiagnosed Type 2 diabetes mellitus in primary
hyperparathyroidism. Diabetic Med. 19, 958-961 (2002)

5. E. Hagstrom, E. Lundgren, H. Lithell et al., Normalized dyslip-
idaemia after parathyroidectomy in mild primary hyperparathy-
roidism: population-based study over five years. Clin. Endocrinol.
56, 253-260 (2002)

6. W.H. Taylor, A.A. Khaleeli, Coincident diabetes mellitus and
primary hyperparathyroidism. Diabetes Metab. Res. Rev. 17,
175-180 (2001)

@ Springer

7. S. Valdemarsson, P. Lindblom, A. Bergenfelz, Metabolic
abnormalities related to cardiovascular risk in primary hyper-
parathyroidism: effects of surgical treatment. J. Int. Med. 244,
241-249 (1998)

8. S. Ayturk, A. Gursoy, N. Bascil Tutuncu, D.T. Ertugrul, N.
Guvener Demirag, Changes in insulin sensitivity and glucose and
bone metabolism over time in patients with asymptomatic pri-
mary hyperparathyroidism. J. Clin. Endocrinol. Metab. 91,
4260-4263 (2006)

9. E. Hagstrom, E. Lundgren, J. Rastad, P. Hellman, Metabolic
abnormalities in patients with normocalcemic hyperparathyroid-
ism detected at a population-based screening. Eur. J. Endocrinol.
155, 33-39 (2006)

10. E. Bonora, G. Targher, M. Alberiche et al., Homeostasis model
assessment closely mirrors the glucose clamp technique in the
assessment of insulin sensitivity. Diabetes Care 23, 57-63 (2000)

11. American Diabetes Association: clinical practice recommenda-
tions 1997. Diabetes Care 20(Suppl 1), S1-S70 (1997)

12. N.B. Dimkovic, A.A. Wallele, D.G. Oreopoulos, Renal stone
disease, elevated iPTH level and normocalcemia. Int. Urol.
Nephrol. 34, 135-141 (2002)

13. R.E. Burney, K.R. Jones, B. Christy, N.W. Thompson, Health
status improvement after surgical correction of primary hyper-
parathyroidism in patients with high and low preoperative cal-
cium levels. Surgery 125, 608-614 (1999)

14. E. Hagstrom, P. Hellman, E. Lundgren, L. Lind, J. Arnlov, Serum
calcium is independently associated with insulin sensitivity
measured with euglycaemic-hyperinsulinaemic clamp in a com-
munity-based cohort. Diabetologia 50, 317-324 (2007)

15. A.A. Khaleeli, J.N. Johnson, W.H. Taylor, Prevalence of glucose
intolerance in primary hyperthyroidism and the benefit of para-
thyroidectomy. Diabetes Metab. Res. Rev. 23, 43-48 (2007)

16. G. Sun, S. Vasdev, G.R. Martin, V. Gadag, H. Zhang, Altered
calcium homeostasis is correlated with abnormalities of fasting
serum glucose, insulin resistance and beta cell function in the
Newfoundland population. Diabetes 54, 3336-3339 (2005)

17. T. Yamaguchi, I. Kanazawa, S. Takaoka, T. Sugimoto, Serum
calcium is positively correlated with fasting plasma glucose and
insulin resistance, independent of parathyroid hormone, in male
patients with type 2 diabetes mellitus. Metab. Clin. Exp. 60,
1334-1339 (2011)

18. F. Tassone, M. Procopio, L. Gianotti, G. Visconti, A. Pia, M.
Terzolo, G. Borretta, Insulin resistance is not coupled with
defective insulin secretion in primary hyperparathyroidism. Dia-
bet Med. 26, 968-973 (2009)

19. J.P. Bilezikian, S.J. Silverberg, Normocalcemic primary hyper-
parathyroidism. Arq. Bras. Endocrinol. Metab. 54, 106109 (2010)



	Investigation of insulin resistance in patients with normocalcemic primary hyperparathyroidism
	Abstract
	Introduction
	Patients and methods
	Results
	Discussion
	References


