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T-scores (the reference population was derived from 
the third National Health and Nutrition Examination 
Survey). The coefficient of variation within subjects 
calculated from two repeated measurements with 
repositioning was 1%. Body weight and height were 
measured in each subject and body mass index (BMI) 
was calculated as weight/height2. 

None of the patients included in the study had 
begun specific treatment with drugs for osteoporosis 
after fracture occurrence before the DXA and labora-
tory assessment.

Data Analyses
The 405 women were divided into two groups 

according to their PTH levels: secondary hyperpar-
athyroidism was diagnosed with high PTH levels 
(>75pg/ml), whereas levels ≤75pg/ml where defined 
as normal. Comparisons between the two groups of 
women were performed by a Student T test for the 
continuous variables, which were normally distrib-
uted based on a Shapiro-Wilk test (i.e., age, BMI, 
and BMD) and on a Mann-Whitney U test for the 
continuous variables which were non-normally dis-
tributed (i.e., PTH, phosphate, albumin-adjusted total 
calcium, 25-hydroxyvitamin D, estimated GFR, and 
magnesium). Additionally, femoral BMD expressed 
as a T-score was included in a standard linear mul-
tiple regression model as the dependent variable. 
The regression model included the following eight 
independent variables: presence of either secondary 

hyperparathyroidism or normal PTH levels, age, 
BMI, phosphate, albumin-adjusted total calcium, 
25-hydroxyvitamin D, estimated GFR, and magne-
sium. The residuals were normally distributed in the 
regression model. Homoscedasticity was verified by 
plotting the residuals against the predicted values: 
the variance of the residuals looked homogeneous 
across levels of the predicted values. Collinearity 
diagnostics showed that the percent of variance in 
each predictor that could not be accounted for by the 
other predictors was always greater than 90% (no 
redundant predictors were found). 

A binary logistic regression test was used to adjust 
the association between PTH category (either elevated 
or normal) and a femoral neck T-score lower than 
-2.5 for the seven potential confounders listed above. 

The statistical package used was SPSS, version 
14. The significance threshold was set at 0.05.

rEsulTs

one hundred forty-eight of the 405 women (37%) 
had secondary hyperparathyroidism (PTH serum 
levels exceeding 75pg/ml), whereas the remaining 
257 (63%) had normal PTH levels despite severe 
vitamin D deficiency. Table 1 shows the descriptive 
characteristics of the two groups of women and the 
between-group comparisons. Mean BMD levels were 
significantly lower in the women with secondary 
hyperparathyroidism than in those with normal PTH 

Table 1. Comparisons between the women with functional hypoparathyroidism and those with secondary hyperparathyroidism

Variable Functional hypoparathyroidism 
(n=257)

secondary hyperparathyroidism 
(n=148)

p

Age (years), mean (SD) 78.7 (8.1) 82.4 (6.7) <0.001
Body Mass Index (kg/m2), mean (SD) 22.9 (4.1) 23.6 (4.2) 0.131
PTH (pg/ml) 47 (34-61) 107 (85-139) <0.001
Phosphate (mg/dl) 3.7 (3.3-4.1) 3.4 (3.1-3.8) <0.001
Albumin-adjusted calcium (mg/dl) 9.0 (8.2-9.5) 8.9 (7.8-9.5) 0.114
25-hydroxyvitamin D (ng/ml) 6.8 (3.8-9.0) 7.0 (4.0-8.9) 0.778
Estimated GFR (ml/min) 74.5 (63.8-87.8) 71.1 (56.0-84.3) <0.001
Magnesium (mg/dl) 2.0 (1.9-2.1) 2.0 (2.0-2.1) 0.415
BMD (T-score), mean (SD) -2.65 (0.83) -2.88 (0.93) 0.010
BMD (g/cm2), mean (SD) 0.55 (0.09) 0.52 (0.10) 0.010
Data are shown as median and interquartile range where not otherwise stated.




