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Abstract: How glucose levels affect bone in patients with primary hyperparathyroidism is unknown, although the 
prevalence of impaired glucose metabolism is higher in patients with primary hyperparathyroidism. The present 
study was performed to examine the relationships between fasting plasma glucose (FPG) and various indices in 
93 postmenopausal women with primary hyperparathyroidism. Bone mineral density (BMD) and body composition 
were measured by dual-energy Xray absorptiometry. Body weight, body mass index (BMI), fat mass and % fat were 
positively related to FPG. Serum levels of calcium and parathyroid hormone (PTH) as well as bone metabolic 
indices were not related to FPG and immunoreactive insulin levels. As for BMD, FPG was positively related to the Z 
scores of BMD at the lumbar spine and femoral neck, although it was not significantly related to the Z-score of 
BMD at the radius. On the other hand, immunoreactive insulin levels were not significantly related to BMD 
parameters at any sites. In multiple regression analysis, FPG was significantly related to BMD (Z score) at the 
lumbar spine and femoral neck, when body weight, BMI, immunoreactive insulin, PTH, and bone resorption 
indices were considered; however, these relationships at the lumbar spine were not significant when fat mass 
was considered. In conclusion, the present study indicated that FPG levels were positively related to BMD at the 
lumbar spine and femoral neck in postmenopausal women with primary hyperparathyroidism.   
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Introduction 
 
In primary hyperparathyroidism, bone 
metabolism is affected by excessive secretion 
of parathyroid hormone (PTH) from the 
parathyroid glands. Patients with primary 
hyperparathyroidism have reduced bone 
mineral density (BMD), especially at the 
cortical bone with increased bone turnover [1-
3]. In our previous study, bone mass was 
reduced in primary hyperparathyroidism 
patients at both cortical and trabecular bones 
by forearm volumetric BMD analysis with 
peripheral quantitative computed tomography 
in female subjects [4, 5]. Moreover, several 
studies revealed that fracture risk is increased 
in primary hyperparathyroidism patients [6, 7]. 
Numerous factors affect BMD in women; 
however, the relationships between glucose 

metabolism and BMD in patients with primary 
hyperparathyroidism remain unclear. 
 
BMD is significantly increased at the lumbar 
spine and femoral neck in patients with type 2 
diabetes mellitus [8, 9], suggesting that 
glucose metabolism positively affects BMD; 
however, the effects of fasting plasma glucose 
(FPG) levels on bone within the physiological 
ranges are unknown. As for the relationships 
between glucose metabolism and primary 
hyperparathyroidism, several groups have 
reported that the prevalence of impaired 
glucose metabolism was significantly higher in 
primary hyperparathyroidism patients than in 
non-primary hyperparathyroidism patients [10-
13]; however, how glucose levels affect bone 
in patients with primary hyperparathyroidism is 
unknown. Therefore we hypothesized that FPG 
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within the physiological ranges might be 
positively related to bone metabolism in 
patients with primary hyperparathyroidism. 
Decreased BMD is one of the most important 
clinical parameters for the indication of 
surgery and the follow up of patients with 
primary hyperparathyroidism. Since BMD 
measurements are not available in numerous 
clinics, the search for other parameters, which 
are frequently and easily measurable, may be 
useful for the clinical assessment of patients 
with primary hyperparathyroidism. Moreover, 
how muscle and fat mass affect bone 
metabolism in patients with primary 
hyperparathyroidism is unknown. 
 
The present study was therefore performed to 
examine the relationships between FPG and 
the indices related to bone metabolism, 
including BMD, in 93 postmenopausal women 
with primary hyperparathyroidism. 
 
Materials and methods 
 
Subjects 
 
Ninety-three postmenopausal women, 
diagnosed with primary hyperparathyroidism, 
participated in this study. All subjects were 
free of drugs known to influence bone 
metabolism until the time of the present study. 
In all primary hyperparathyroidism enrolled in 
the present study, abnormal parathyroid gland 
swelling was successfully identified by at least 
two imaging techniques among 
ultrasonography, computed tomography, 
magnetic resonance imaging, or technetium 
sestamibi scintigraphy; and the biochemical 
data were compatible with primary 
hyperparathyroidism. Moreover, familial 
hypocalciuric hypercalcemia was excluded, 
based on a low calcium (Ca)/creatinine (Cr) 
clearance ratio by 24-hour urine collection. No 
patients had complications that might cause 
changes in bone metabolism. None of the 
patients suffered from any disease causing 
osteoporosis. 
 
The study was approved by the ethics review 
board of Kobe University Hospital. All subjects 
agreed to participate in the study and gave 
informed consent. 
 
Biochemical measurements 
 
Serum and urinary chemistry determinations 
were performed by standard automated 

techniques. Serum chemistry was performed 
in daily routine assays. Urine was collected as 
second void morning urine except for 
measurement of the Ca/Cr clearance ratio. 
Serum concentrations of intact PTH were 
measured by immunoradiometric assay 
(Allegro Intact PTH IRMA kit; Nichols Institute 
Diagnostics, San Juan Capistrano, Ca; normal 
range, 10-65 pg/ml). Serum levels of bone-
type alkaline phosphatase (normal range: 7.9-
29.0 U/L) and osteocalcin (normal range: 2.5-
13 ng/ml) as well as urinary levels of 
deoxypyridinoline (normal range: 2.8-7.6 
nmol/mmol.Cr) and type I collagen cross-
linked N-telopeptides (normal range: 9.3-54.3 
nmolBCE/mmolCr) were measured as 
previously described [3, 14, 15]. 
Immunoreactive insulin was measured as 
previously described [16]. Immunoreactive 
insulin levels were available for only 44 
patients among the subjects. 
 
BMD measurements by dual-energy X-ray 
absorptiometry 
 
BMD values were measured by dual-energy X-
ray absorptiometry using QDR-2000 (Hologic 
Inc., Waltham, MA) at the lumbar spine (L2–4), 
femoral neck, and distal one third of the 
radius. BMD was automatically calculated 
from the bone area (cm2) and bone mineral 
content (g), and expressed absolutely in 
g/cm2. The coefficients of variation (precision) 
of measurements at the lumbar spine, femoral 
neck and radius were 0.9, 1.7 and 1.9%, 
respectively. The Z-score is the number of 
standard deviation (SD) by which a given 
measurement differs from the mean for a sex-, 
age-, and race-matched reference population. 
The T-score is the number of SD by which a 
given measurement differs from the mean for 
a normal young adult reference population. 
The coefficient of variation was obtained in 
vitro using a ‘phantom’ with at least four 
measurements for the same subject. 
Normative data were obtained from a 
population-based database of the Japanese 
Society of Bone and Mineral Research, 1996. 
 
Measurement of body composition 
 
Dual-energy X-ray absorptiometry enables us 
to analyze body composition in terms of lean 
body mass and fat mass easily and precisely 
[17]. Lean body mass and fat mass were 
measured by dual-energy X-ray absorptiometry 
(QDR-2000 Hologic Inc., Boston, MA, USA), 
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using whole-body absorptiometry software and 
expressed in kg. Percentage fat mass (% fat) 
was calculated by dividing the absolute value 
of body composition by total body mass. The 
same operator tested all the women during the 
study to eliminate operator discrepancies. A 
strong correlation between body weight and 
total body mass measured by dual-energy X-
ray absorptiometry (r=0.98) was obtained in a 
preliminary study. Coefficients of variation of 
measurements of lean body mass and fat 
mass were 1.0 and 2.0 %, respectively. The 
coefficient of variation was obtained in vitro 
using a ‘phantom’. 
 
Statistical analysis 
 
All data are expressed as the mean ± SD for 
each index. Statistical analyses were 
performed using StatView IV (Abacus 
Concepts, Inc., Berkley, CA, USA). Simple or 
multiple regression analyses were performed 
to assess the relationships among several 
parameters, and Pearson’s correlation 
coefficients were calculated. Values of p < 
0.05 were considered significant. 
 
Results 
 
Background data 
 
Background data of postmenopausal women 
with primary hyperparathyroidism are shown in 
Table 1. Their age was 64.4± 8.9 years. Serum 
Ca levels were 11.4 ± 1.4 mg/dl. Serum levels 
of PTH and non-specific alkaline phosphatase 
were higher, compatible with the biochemical 
data of primary hyperparathyroidism. Serum Cr 
and Cr clearance levels were 0.66 ± 0.22 

mg/dl and 83.2 ± 31.6 ml/min, respectively, 
although the patients with Cr clearance levels 
less than 40 ml/min were not included in this 
study. BMD (Z-score) at all sites was low. As for 
bone metabolic indices, serum levels of 
osteocalcin and bone-type alkaline 
phosphatase, and urinary levels of type I 
collagen crosslinked N-telopeptides and 
deoxypyridinoline were 19.7 ± 15.0 ng/dl, 
61.8 ± 44.2 U/L, 126 ± 112 nmol/mmolCr, 
14.3 ± 10.0 nmolBCE/mmolCr, respectively. 
FPG levels were 94.0 ± 17.4 mg/dl and more 
than 110 mg/dl in only 13 patients. Mean 
immunoreactive insulin levels were 9.6 ± 8.2 
U/ml. 

Table 1. Background data in primary 
hyperparathyroidism women 

 Primary hyper-
parahyroidism 

Age (years) 64.4 ± 8.9 
Height (cm) 151.4 ± 6.1 
Body weight (kg) 52.3 ± 8.7 
BMI (kg/m2) 22.8 ± 3.7 
Ca (mg/dl) 11.4 ± 1.4 
ALP (IU/L) 421 ± 223 
PTH (pg/ml) 195 ± 176 
FPG (mg/dl) 94.0 ± 17.4 
L-BMD            T score -2.185 ± 1.518 
                       Z score -0.719 ± 1.127 
FN-BMD         T score -1.992 ± 0.963 
                       Z score -0.565 ± 0.975 
Rad1/3-BMD T score -4.099 ± 1.943 
                       Z score -1.203 ± 1.826 
ALP, alkaline phosphatase;L, lumbar; FN, 
femoral neck; Rad1/3, distal radius 

 

 
 

Table 2. Correlations between FPG or immunoreactive insulin and various 
               indices in postmenopausal primary hyperparathyroidism women 

FPG IRI  
r p r p 

Age 0.112 0.2858 -0.060 0.7025 
Height -0.011 0.9177 0.172 0.2775 
Body weight 0.252** 0.0177 0.437* 0.0035 
BMI 0.258** 0.0151 0.378** 0.0129 
Albumin 0.020 0.8516 -0.148 0.3399 
Lean Body Mass 0.084 0.5213 -0.069 0.7315 
Fat Mass 0.282** 0.0274 0.253 0.1953 
% Fat 0.279** 0.0293 0.441** 0.0180 
IRI, immunoreactive insulin; *p<0.01 , * * p<0.05 
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Table 3. Correlations between FPG or immuoreactive insulin and various bone metabolic indices in 
postmenopausal primary hyperparathyroidism women 

FPG IRI  
r p r p 

Ca 0.103 0.3295 0.120 0.4383 
PTH -0.163 0.1217 -0.262 0.0854 
1,25-dihydroxyvitaminD3 -0.150 0.2233 -0.195 0.2435 
BAP 0.014 0.9224 -0.105 0.5711 
OCN -0.223 0.0654 -0.112 0.5013 
NTX -0.178 0.1626 -0.235 0.1815 
DPD -0.231 0.0995 -0.100 0.5942 
L-BMD Z score 0.292* 0.0061 0.183 0.2607 
FN-BMD Z score 0.445* <0.0001 0.292 0.0637 
R1/3-BMD Z score 0.204 0.0581 0.0075 0.6474 
BAP, bone-type alkaline phosphatase; OCN, osteocalcin; NTX, type I collagen cross-linked N-telopeptides; DPD, 
deoxypyridinoline; L, lumbar; FN, femoral neck; Rad1/3, distal radius; IRI, immunoreactive insulin; *p<0.01, * * 
p<0.05 

Figure 1. Relationships between FPG and BMD (Z score) in postmenopausal primary hyperpara-
thyroidism women. Simple regression analysis was performed, and Pearson’s correlation coefficients (r) 
were calculated. P values <0.05 were considered significant. L, lumbar; FN, femoral neck; Rad1/3, 
distal radius; 

Relationships between FPG or 
immunoreactive insulin and various 
parameters in postmenopausal primary 
hyperparathyroidism women Correlations 
between FPG or immunoreactive insulin 
and various indices were examined in 
postmenopausal primary hyperpara-

thyroidism women. As shown in Table 2, body 
weight and BMI were significantly and 
positively related to both FPG and 
immunoreactive insulin, although age, height 
and serum albumin levels showed no relation. 
As for the body composition index, fat mass as 
well as % fat, but not lean body mass, were 
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positively related to FPG, although only % fat 
was significantly related to immunoreactive 
insulin levels. 
 
Next, we examined the relationships between 
FPG or immunoreactive insulin and bone 
metabolism parameters in these patients. 
Serum levels of calcium, PTH and 1, 25-
dihydroxyvitamin D3 as well as any bone 
metabolic indices were not related to FPG and 
immunoreactive insulin levels in 
postmenopausal primary hyperparathyroidism 
women (Table 3). As for BMD, FPG levels were 
positively related to Z scores of BMD at the 
lumbar spine and femoral neck (Figure 1), 
although they were not significantly related to 
the Z-score of BMD at the radius. On the other 
hand, immunoreactive insulin levels were not 
significantly related to BMD parameters at any 
sites (Table 3). 
 
Relationships between BMD and various 
indices in postmenopausal primary 
hyperparathyroidism women 
 
Since BMD at the lumbar spine and femoral 
neck was significantly related to FPG, we 
examined the relationships between BMD (Z 
scores) and various indices in postmenopausal 
primary hyperparathyroidism women. As 
shown in Table 4, BMD (Z score) at both sites 
was significantly related to body weight, BMI, 
serum levels of PTH, osteocalcin, urinary type I 
collagen cross-linked Ntelopeptides levels, fat 
mass and % fat. We therefore examined 
whether these factors would affect the 
relationships between FPG and BMD at the 
lumbar spine or femoral neck by using multiple 
regression analyses, as shown in Table 5. FPG 

was significantly related to BMD (Z score) at 
the lumbar spine, when body weight, BMI, PTH, 
type I collagen cross-linked N-telopeptides or 
deoxypyridinoline were considered; however, 
these relationships were not significant when 
fat mass or % fat was considered. These 
findings indicated that FPG was related to 
lumbar BMD associated with fat. The 
relationships between FPG and BMD (Z score) 
at the femoral neck were independent of body 
weight, BMI, PTH, bone metabolic indices, fat 
mass or % fat. In 44 subjects in whom 
immunoreactive insulin levels were measured, 
FPG levels were significantly related to BMD (Z 
score) at the lumbar spine and femoral neck 
when immunoreactive insulin levels were 
considered (lumbar spine: r=0.332, p=0.0406; 
femoral neck: r=0.548, p=0.0002). 
 
Discussion 
 
In the present study, FPG was positively 
related to Z-scores of BMD at the lumbar spine 
and femoral neck in postmenopausal primary 
hyperparathyroidism women, indicating that 
an increase in FPG is protective against a BMD 
decrease by primary hyperparathyroidism. How 
FPG is related to bone metabolism in primary 
hyperparathyroidism is unknown. Our recent 
study revealed that FPG is positively related to 
BMD increase at the lumbar spine by 
bisphosphonate treatment in patients with 
postmenopausal osteoporosis [18], suggesting 
that FPG changes in the physiological range 
are related to bone metabolism in osteoporotic 
patients. Since only a small number of 
patients were considered to be diabetes 
mellitus in the present study, the influence of 
FPG does not seem to be due to high glucose 

 
 

Table 4. Correlations between BMD and various indices in postmenopausal primary 
hyperparathyroidism women 

L-BMD Z score FN-BMD Z score  
r p r p 

Body Weight 0.411* <0.0001 0.424* <0.0001 
BMI 0.381* 0.0003 0.366* 0.0007 
PTH -0.380* 0.0003 -0.366* 0.0007 
OCN -0.381* 0.0017 -0.254** 0.0416 
NTX -0.440* 0.0005 -0.284** 0.0291 
DPD -0.529* <0.0001 -0.248 0.0827 
Fat Mass 0.305** 0.0174 0.423* 0.0006 
% Fat 0.294** 0.0220 0.378* 0.0024 
OCN, osteocalcin; NTX, type I collagen cross-linked N-telopeptides;DPD, deoxypyridinoline; L, lumbar; FN, 
femoral neck; *p<0.01, * * p<0.05 

Int J Clin Exp Med (2008) 1, 319-326 323 



Hisa et al/ Glucose and bone in primary hyperparathyroidism 
 

levels or impaired glucose intolerance.  
 
Fat mass and lean body mass affects BMD 
[19-21]. Our previous study indicated that lean 
body mass is a more important determinant of 
BMD than fat mass at any site, except the 
femoral neck, in postmenopausal Japanese 
women [22]. Another report agreed with the 
importance of lean body mass in the 
protection against postmenopausal 
osteoporosis [19], although several studies 
suggested the importance of both lean body 
mass and fat mass [20, 21]. Moreover, BMI 
was a determinant of BMD increase in the 
lumbar spine and femoral neck in patients 
with type 2 diabetes mellitus [8]. In the 
present study, fat mass as well as % fat were 
positively related to BMD (Z score) at the 
lumbar spine and femoral neck in 
postmenopausal primary hyperparathyroidism 
women. Moreover, FPG was positively related 
to fat mass and % fat, but not lean body mass 
in these patients. In multiple logistic analysis, 
FPG was not significantly related to BMD (Z 
score ) at the lumbar spine when fat mass or 
% fat was considered, indicating that the 
relationships between FPG and BMD at the 
lumbar spine are associated with fat mass. 
FPG was significantly related to BMD (Z-score) 
at the lumbar spine and femoral neck when 
lean body mass was considered in multiple 
logistic analysis (data not shown). These 
findings suggest that fat tissues are more 
important than muscle tissues in the 
relationships between FPG and BMD in 
postmenopausal pHPT women. Some factors 
from fat tissues might simultaneously affect 
FPG and BMD to suppress BMD decrease by 

PTH excess in primary hyperparathyroidism 
patients. Insulin is the most important 
hormone, affecting FPG, fat and BMD. In the 
present study, immunoreactive insulin levels 
were positively related to body weight, BMI and 
% fat, although they were not significantly 
related to BMD (Z score) at any site. The extent 
of the relation to fat or BMD parameters 
seemed to be different between FPG and 
immunoreactive insulin. Moreover, multiple 
regression analysis indicated that FPG was 
related to BMD at the lumbar spine and 
femoral neck independently of 
immunoreactive insulin. These findings 
suggest that immunoreactive insulin cannot 
explain the relationships between FPG and 
BMD at the lumbar spine and femoral neck in 
postmenopausal primary hyperparathyroidism 
women in the present study. Other systemic 
factors might simultaneously affect FPG, fat 
mass and bone mass in primary 
hyperparathyroidism patients. 

Table 5. Correlations between FPG and BMD in multiple regression analysis 
FPG vs L-BMD (Z score) FPG vs FN-BMD (Z score)  

r p r p 
Body Weight 0.205** 0.0469 0.368* 0.0003 
BMI 0.208** 0.0481 0.380* 0.0003 
PTH 0.237** 0.0204 0.409* <0.0001 
OCN 0.234 0.0525 0.397* 0.0011 
NTX 0.274** 0.0239 0.380* 0.0026 
DPD 0.311** 0.0126 0.385* 0.0060 
Fat Mass 0.134 0.3084 0.265 ** 0.0299 
% Fat 0.138 0.2952 0.279** 0.0247 
Multiple regression analysis was performed with BMD (Z score) at each site as dependent variables, and 
FPG and each parameter as independent variables. OCN, osteocalcin; NTX, type I collagen cross-linked N 
telopeptides; DPD, deoxypyridinoline; L, lumbar; FN, femoral neck; *p<0.01, * * p<0.05 

 
The present study has some limitations. First, 
the sample size was not large enough to reach 
definite conclusions. Second, data of 25-
hydroxyvitamin D were not obtained for the 
assessment of vitamin D status in the present 
study. Thus, the differences in vitamin D status 
might affect the severity of disease, bone 
turnover and BMD in primary 
hyperparathyroidism patients, because our 
previous study with 30 postmenopausal 
women with primary hyperparathyroidism 
suggested that the vitamin D status affects 
BMD [23]. 
 
In normal subjects or primary osteoporotic 
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patients, whether FPG levels are related to 
BMD is unknown. Although BMD increase has 
been reported in patients with type 2 diabetes 
mellitus [8,9], FPG levels themselves were not 
related to BMD in patients with type 2 
diabetes mellitus. Therefore, the present study 
is the first report, to our knowledge, describing 
that FPG levels were positively related to BMD 
in secondary osteoporosis. 
 
In conclusion, the present study first indicated 
that FPG levels were positively related to BMD 
at the lumbar spine and femoral neck in 
postmenopausal women with primary 
hyperparathyroidism. Some systemic factors, 
which simultaneously affect FPG, fat mass and 
bone mass, might be responsible for these 
mechanisms. 
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