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Abstract

Summary Brief rationale: To evaluate the utility of forearm-DXA in differentiating postmenopausal osteoporosis and to
explore its relationship with clinical features of PHPT.

Main result: Forearm-DXA was useful for differential diagnosis and independently associated with calcium in PHPT.
Significance of the paper: This is the first study demonstrating these findings.

Purpose To evaluate the utility of forearm dual-energy X-ray absorptiometry (DXA) measurement in differentiating primary
postmenopausal osteoporosis from primary hyperparathyroidism (PHPT) related osteoporosis and to examine its association
with clinical features of PHPT.

Methods This retrospective study included 246 women with PHPT (153 postmenopausal and 93 premenopausal) and 100
postmenopausal controls with osteopenia/osteoporosis. DXA measurements of the lumbar spine, hip, and one-third distal
radius, together with clinical and biochemical data, were compared between postmenopausal patients with PHPT and con-
trols, as well as between postmenopausal and premenopausal PHPT groups. Associations between DXA measurements and
clinical findings were also analyzed in PHPT.

Results Postmenopausal PHPT and controls were matched for age and body-mass index (BMI), osteoporosis was more
frequent in PHPT (p=0.001), with the distal radius most affected (p <0.001). Multivariate regression confirmed an inde-
pendent association between distal radius T-scores and PHPT [OR 1.88, 95% CI: 1.44-2.47]. In postmenopausal patients
with osteoporosis by lumbar spine or hip DXA, ROC analysis showed that distal radius scores had excellent discriminatory
value (AUC > 0.80) for differentiating PHPT from primary postmenopausal osteoporosis; optimal cutoffs were T-score < —2.4
(80.0% sensitivity, 63.6% specificity) and Z-score < —1.0 (81.5% sensitivity, 63.6% specificity). In premenopausal PHPT,
calcium was independently associated with the distal radius T-score [(B=—0.594 (95% CI: —1.027 to —0.160)].
Conclusion This is the first study to show the utility of forearm DXA in differentiating primary postmenopausal osteoporosis
from PHPT-related osteoporosis as well as its independent association with calcium in PHPT. Although the diagnosis of
PHPT is primarily biochemical, a predominant reduction in distal radius BMD should prompt evaluation for a parathyroid
disorder. Moreover, our data may provide clues to help distinguish whether osteoporosis—identified as a surgical indication
in PHPT—observed in postmenopausal individuals with PHPT is primarily attributable to PHPT or to menopause.
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elevated relative to calcium levels [1]. Excessive PTH secre-
tion leads to increased bone resorption, elevated calcitriol
synthesis with subsequent rise in intestinal calcium absorp-
tion, and greater renal calcium reabsorption [2]. PHPT is
most commonly observed between the ages of 50 and 65.
Its incidence has been reported as 48.3—-50.4 per 100,000
person-years. While the prevalence is similar in men and
women under the age of 45, it becomes 3-5 times more
frequent in women thereafter [3, 4].

The most common cause of PHPT is the clonal over-
growth of one or more parathyroid glands, accompanied
by reduced expression of CaSR within the gland(s) [5].
PHPT is associated with an increased risk of osteoporosis
and osteopenia, most prominently affecting cortical bone,
such as the distal radius [6], but also involving trabecular
sites such as the vertebrae [7]. Consequently, fracture risk
is elevated in both cortical- and trabecular-dominant bones
[8]. Among patients with PHPT, osteoporosis has been
reported in 48.4% and osteopenia in 39.9% [9]. Globally,
an estimated nine million osteoporotic fractures occurred in
the year 2000, including 1.6 million hip, 1.7 million forearm,
and 1.4 million clinical vertebral fractures [10]. Hip or ver-
tebral fractures are known to significantly increase mortality
[11]. Postmenopausal women are the most affected group,
with reported prevalence rates of 17.4% for osteoporosis and
59.6% for osteopenia [12]. Although PHPT is an important
cause of osteoporosis in postmenopausal women, the most
common causes of osteoporosis in this population are estro-
gen deficiency and aging [13]. Postmenopausal primary
osteoporosis predominantly affects trabecular bone, which
is compromised earlier than cortical bone. This accelerated
trabecular resorption is most evident in the vertebral bodies
and in the metaphyses of long bones during the early post-
menopausal period [14].

Dual-energy X-ray absorptiometry (DXA) is the most
widely used technique for assessing bone mineral density
(BMD), as it provides highly precise measurements at clini-
cally relevant skeletal sites. A T-score of <—2.5 indicates a
substantially increased risk of fracture. DXA measurement is
particularly recommended at the spine and hip, as fractures
in these regions have a profound impact on patients’ lives
[15]. Osteoporosis is usually diagnosed by the presence of
a fragility fracture or by DXA measurements at the lumbar
spine, total hip, or femoral neck. However, if these regions
cannot be reliably evaluated due to conditions such as osteo-
arthritis or prosthesis, measurement at the one-third distal
radius is also accepted for diagnosis [16, 17].

Building on the well-established literature indicating that
PHPT predominantly affects cortical bone, whereas post-
menopausal primary osteoporosis mainly involves trabecu-
lar bone, our study aimed to explore how this distinction
can be applied to identify when PHPT should be suspected
in postmenopausal women diagnosed with osteoporosis.

@ Springer

Moreover, our findings may provide clues to help distinguish
whether osteoporosis—identified as a surgical indication in
PHPT—observed in postmenopausal individuals with PHPT
is primarily attributable to PHPT or to menopause. Finally,
our study sought to contribute to the existing literature by
examining the relationship between cortical bone loss and
other clinical features in patients with PHPT.

Methods

In this retrospective study, patients were selected from
among 2412 women who presented to our endocrinology
outpatient clinic between March 2019 and February 2025
and underwent forearm BMD measurement by DXA. Exclu-
sion criteria were as follows: Patients younger than 18 years
old, male sex, those without PTH, calcium, phosphorus, or
25-hydroxyvitamin D {25(OH)D] measurements; patients
with a history of chronic disease that may affect bone
metabolism (rheumatoid arthritis, inflammatory bowel dis-
ease, celiac disease, cystic fibrosis, hyperthyroidism, renal
disease, or hematologic disorders); patients with a history
of smoking or excessive alcohol consumption or who were
treated with medications associated with reduced bone mass
(e.g., glucocorticoids, cancer chemotherapy, antiseizure
drugs); and patients with DXA measurements affected by
metallic implants or prostheses. The study group included
postmenopausal and premenopausal patients with PHPT,
while the control group comprised postmenopausal women
with primary osteopenia or osteoporosis. The control group
was selected using the same exclusion criteria as the PHPT
group, with the exception that all control subjects had nor-
mal calcium and PTH levels and no evidence of PHPT. In
studies conducted in our country, the mean age at meno-
pause was reported as 47.8 +4.0 and 44.38 +5.30 years [18,
19]. Accordingly, >55 years was accepted as the postmeno-
pausal age and <40 years as the premenopausal age. Patients
aged 40-55 years were excluded from the study.

In patients with classic PHPT, the diagnostic criteria
were applied in accordance with the literature: at least two
separate measurements of hypercalcemia obtained >2 weeks
apart, in association with either a frankly elevated PTH or an
inappropriately “normal” PTH level. A PTH threshold above
25 pg/mL was accepted [20, 21]. Patients with secondary
or tertiary hyperparathyroidism and those with MENI1-
related PHPT were also excluded from the PHPT group.
Normocalcemic patients with PHPT who were receiving
diuretics, lithium, bisphosphonates, or denosumab, as well
as those with chronic kidney disease or familial hypocalciu-
ric hypercalcemia (FHH), were excluded to avoid conditions
that could mimic a similar presentation. In normocalcemic
patients and in those with suspected FHH, 25(OH)D levels
were normalized and tests were repeated. All patients had a
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urinary calcium/creatinine clearance ratio greater than 0.01.
In cases with clinical suspicion of FHH, genetic testing was
performed when indicated, and FHH was excluded. All
patients in the study group met the surgical indications for
PHPT according to the Fifth International Workshop guide-
lines [21] and were selected from among patients whose
hyperparathyroidism resolved following surgery.

As a result, 246 patients with PHPT (93 premenopausal
and 153 postmenopausal) who met the inclusion criteria
were enrolled in the study group, and 100 postmenopau-
sal patients with primary osteopenia or osteoporosis were
included in the control group. For all groups, demographic
information, laboratory results, and DXA-derived T- and
Z-scores of the lumbar spine, total hip, femoral neck, and
one-third distal radius were recorded. In the study group,
parathyroid and urinary system ultrasonography, as well
as 24-h urinary calcium results, were also documented.
99mTechnetium-labeled sestamibi, computerized tomogra-
phy (CT), or magnetic resonance imaging (MRI) were used
when necessary to localize the parathyroid adenoma. The
highest serum calcium with concurrent albumin, alkaline
phosphatase (ALP), creatinine, phosphorus, 25(OH)D, and
intact PTH levels were recorded. In the study group, peak
intact PTH was also noted, as well as the highest 24-h uri-
nary calcium value. As ionized calcium measurements were
not available for most patients, corrected calcium was calcu-
lated both for those with low albumin levels and for patients
with values within the normal-high range. The following
formula was used: Corrected calcium (mg/dL)=Measured
total calcium +[0.8 X (4.0 — albumin (g/dL))]. Normal ref-
erence ranges were as follows: calcium, 8.7-10.4 mg/dL;
albumin, 3.2-4.8 g/dL; 25(OH)D, >75 nmol/L; phospho-
rus, 2.4-5.1 mg/dL; creatinine, 0.5-1.1 mg/dL; intact PTH,
18-80 pg/mL; ALP, 53-128 U/L; and eGFR, > 60 mL/
min/1.73 m?. Threshold value for hypercalciuria was defined
as > 250 mg/day. All laboratory tests were carried out on
a Roche diagnostic biochemistry analyzer with its original
kits.

BMD was assessed at the right femoral neck and total
hip, lumbar spine (L.1-L4), and one-third distal radius using
DXA (Hologic QDR2000, version 5.4; g/cmz). DXA calcu-
lates BMD (g/cm?) by dividing bone mineral content (BMC,
g) by bone area (BA, cm?). The results were expressed as
T-scores and Z-scores. In postmenopausal women, osteo-
porosis was defined as a history of fragility fracture at the
spine, hip, distal radius, humerus, ribs, or pelvis, or as a
T-score <-2.5 standard deviation (SD) at either the lumbar
spine or hip. In patients for whom spine or hip measure-
ments were not available, the one-third distal radius score
was also used for the diagnosis of osteoporosis. Osteopenia
was defined as a T-score between —1.0 and —2.5 SD [17]. In
premenopausal patients, osteoporosis was defined by a his-
tory of low-trauma fracture or the presence of a secondary

cause of bone loss, and by either a Z-score <—2.0 or a
T-score <-2.5 [22].

All patients with PHPT underwent ultrasonographic
evaluation performed by an experienced endocrinologist
using a high-frequency linear probe (Hitachi-Hivision-Avius
system). The maximum diameter and volume of parathy-
roid adenomas were calculated from three-dimensional
measurements.

Statistical analyses were performed using SPSS software,
version 25.0 (SPSS Inc., Chicago, IL, USA). The distribution
of the data was evaluated with both graphical approaches
and formal tests, including the Kolmogorov—Smirnov and
Shapiro—Wilk tests. Variables with normal distribution were
compared using the Student’s #-test, whereas those without
normal distribution were analyzed using the Mann—Whitney
U test. Continuous variables were expressed as mean + SD
when normally distributed, and as median with interquartile
range (IQR) when not normally distributed. Associations
between categorical variables were examined with the Chi-
square test. Receiver operating characteristic (ROC) curve
analyses were carried out to identify optimal cutoff values
for T- and Z-scores. The sensitivity and specificity of tests
were estimated from the ROC curves. A p-value <0.05
was considered statistically significant. Logistic regression
analysis was used to calculate adjusted odds ratios (ORs),
accounting for potential confounders, while linear regression
was applied for continuous outcomes.

Results

Among postmenopausal women, there were no significant
differences between the PHPT and control groups in terms of
age, body mass index (BMI), albumin, or creatinine levels.
The PHPT group had higher calcium, corrected calcium,
intact PTH, and ALP levels, while 25(OH) vitamin D and
phosphorus levels were lower (p <0.001 for each). Osteopo-
rosis was more frequent in the postmenopausal PHPT group
(»=0.001). T- and Z-scores at the lumbar spine, hip, and
distal radius were all significantly lower in the postmenopau-
sal PHPT group compared with controls. Within the post-
menopausal PHPT patients, the distal radius T-scores were
significantly lower than both the lumbar spine and femoral
neck T-scores (p <0.001) and lumbar spine T-scores were
also lower than femoral neck scores (p =0.015). Within the
postmenopausal control group, the distal radius T-score was
comparable to the lumbar spine but lower than the femoral
neck (p=0.267 and 0.048, respectively), with no difference
between the lumbar spine and femoral neck (p =0.862)
(Table 1).

In postmenopausal women, univariate analysis showed
that lower T-scores at all sites were associated with PHPT.
In multivariate analysis, only the distal radius T-score was
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Table 1 Comparison of
demographic and clinical
characteristics, laboratory

Postmenopausal PHPT (n:  Postmenopausal control p

and DXA parameters between
postmenopausal patients with
primary hyperparathyroidism
and postmenopausal controls Calcium, mg/dL

154) (n: 100)
Age, years 62 (58-67) 62 (58-68) 0.890
Body mass index, kg/m? 27.1+3.3 26.9+2.7 0.548

11.56+0.67 9.65+0.42 <0.001
Albumin, g/dl 4.53+0.28 4.49+0.32 0.266
Corrected calcium, mg/dL 11.13+0.66 9.25+0.43 <0.001
Phosphorus, mg/dL 2.76+0.54 3.68+0.56 <0.001
Creatinine, mg/dL 0.74+0.18 0.75+0.12 0.886
Intact PTH, pg/mL 156.5 (116.75-234) 54.7+18.4 <0.001
Alkaline Phosphatase 103.5 (79.25-124) 85.2+28.8 <0.001
25(0OH)D, ng/mL 37 (24-60) 60 (29-78) <0.001
Lumbar spine T-score -2.05+1.14 —-1.55+1.16 0.001
Lumbar spine Z score -0.72+1.09 —-0.34+1.23 0.016
Femoral neck T-score —1.83+0.86 —1.55+0.63 0.004
Femoral neck Z-score —0.56+0.88 —0.22+0.81 0.005
Total hip T-score -1.54+0.97 -1.12+0.79 <0.001
Total hip Z-score —0.72+0.98 -0.33+0.86 0.002
Distal radius T-score —2.83+1.43 -1.76 £1.09 <0.001
Distal radius Z-score —1.58+1.45 —-0.51+1.03 <0.001
Osteoporosis (%) 50 28 0.001
Fracture history (%) 3.9 8 0.161

Data were expressed as median and 25-75th percentile (P25-P75) and mean + standard deviation, DXA,

dual-energy X-ray absorptiometry;
25(OH)D, 25-hydroxyvitamin D

independently associated with PHPT, regardless of lumbar
spine and femoral neck measurements [OR 1.88 (95% CI:
1.44-2.47), p <0.001] (Table 2).

ROC analysis was performed to assess the value of
distal radius DXA in distinguishing PHPT-related osteo-
porosis from postmenopausal osteoporosis defined by
lumbar spine or hip DXA. Accordingly, T- and Z-scores
at the distal radius demonstrated excellent discriminatory
power (AUC > 0.80). Distal radius T-score <-2.8 yielded
70.3% sensitivity and 81.8% specificity for differentiating
PHPT from primary postmenopausal osteoporosis (AUC
0.826, Youden Index 0.521). When a less stringent cut-
off of < —2.4 was applied, sensitivity increased to 80.0%

PHPT, primary hyperparathyroidism, PTH, parathyroid hormone;

with a corresponding specificity of 63.6% (Youden Index
0.564).

Distal radius Z-score < —1.6 yielded 65.6% sensitivity
and 90.9% specificity (AUC 0.830, Youden Index 0.565).
Using an alternative cutoff of < —1.0 resulted in higher sen-
sitivity (81.5%) at the expense of specificity (63.6%), with a
Youden Index of 0.548 (Table 3).

In the comparison between postmenopausal and pre-
menopausal PHPT patients, the postmenopausal group had
higher age, BMI, calcium, corrected calcium, phosphorus,
and creatinine levels (Table 4). Albumin, intact PTH, peak
intact PTH, 25(OH)D, 24-h urinary calcium excretion,
and adenoma size were similar between the groups. In

Table 2 Univariate and

. o . Univariate analysis Multivariate analysis**
multivariate logistic regression
analyses of T-scores in Variables P Odds ratio (95% CI) P Odds ratio (95% CI)
postmenopausal patients for
association with primary Lumbar spine T-score 0.005 1.41 (1.11-1.78) 0.67 1.06 (0.80-1.41)
hyperparathyroidism* Femoral neck T-score 0.009 1.60 (1.12-2.29) 0.809 1.05 (0.69-1.60)
Total hip T-score 0.001 1.71 (1.25-2.33) - -
Distal radius T-score <0.001 1.92 (1.51-2.45) <0.001 1.88 (1.44-2.47)

ClI, confidence interval

*Analyses were restricted to patients with available DXA measurements at all three skeletal sites (lumbar
spine, femoral neck/total hip, and forearm) (n: 228)

**Multivariate analysis was performed including lumbar spine, femoral neck, and distal radius T-scores
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Table 3 ROC analysis of forearm scores in differentiating postmenopausal osteoporosis and primary hyperparathyroidism related osteoporosis in
postmenopausal osteoporotic patients*

Variables AUC 95% CI P Cutoff Sensitivity (%) Specificity (%) Youden Index
Distal radius T-score 0.826 0.740-0.912 <0.001 <-28 70.3 81.8 0.521

<-24 80.0 63.6 0.564
Distal radius Z-score 0.830 0.744-0.915 <0.001 <-1.6 65.6 90.9 0.565

<-1.0 81.5 63.6 0.548

ROC receiver operating characteristic, AUC area under curve, CI confidence interval.

*From the osteoporotic patients, those with lumbar spine or hip T-scores <—2.5 were selected (n=90)

Table 4 Comparison of
demographic and clinical
characteristics, laboratory
and DXA parameters
between postmenopausal and
premenopausal patients with
primary hyperparathyroidism

Postmenopausal PHPT (n:

Premenopausal PHPT p

154) (n: 93)

Age, years 62 (58-67) 39 (33-42) <0.001
Body mass index, kg/m? 27.1+3.3 24+2.4 <0.001
Calcium, mg/dL. 11.56 +0.67 11.39+0.61 0.047
Albumin, gr/dl 4.53+0.28 45.45+2.56 0.641
Corrected calcium, mg/dL 11.13+0.66 10.95+0.61 0.029
Normocalcemic (%) 11.1 17.2 0.163
Phosphorus, mg/dL 2.76 £0.54 2.56£0.50 0.005
Creatinine, mg/dL 0.74+0.18 0.66+0.09 <0.001
Intact PTH, pg/mL 156.5 (116.75-234) 168 (121-218) 0.670
Peak Intact PTH, pg/mL 193.0 (137.5-258.5) 204 (154-256) 0.182
Alkaline Phosphatase 103.5 (79.25-124) 94 (76-128) 0.338
25(0OH) vitamin D, ng/mL 37 (24-60) b 31 (20-50.5) 0.095
24-h urinary calcium, mg/day 335 (230-471) 340.5 (242-417) 0.884
Hypercalciuria (%) 71 70.8 0.872
Adenoma diameter, mm 12 (9-16) 12.5 (10-17.25) 0.356
Adenoma volume, cm® 0.36 (0.16-0.81) 0.31 (0.16-0.76) 0.625
Lumbar spine Z-score —0.72+1.09 —0.82+0.96 0.477
Femoral neck Z-score -0.56+0.88 —0.68+0.93 0.263
Total hip Z-score -0.72+0.98 -0.76 +0.96 0.712
Distal radius Z-score —1.58+1.45 -1.16+1.18 0.016
Osteoporosis (%) 50 24.7 <0.001
Fracture history (%) 39 32 1
Nephrolithiasis (%) 26.8 24.7 0.756

Data were expressed as median and 25-75th percentile (P25-P75) and mean + standard deviation; DXA

dual X-ray energy absorptiometry, PHPT primary hyperparathyroidism, PTH parathyroid hormone

the overall PHPT cohort, the proportion of normocalce-
mic disease was 13.5%, prevalence of nephrolithiasis was
26.1%, and hypercalciuria was 71.1% and osteoporosis
was 40.5%. The proportion of normocalcemic patients,
the prevalence of fragility fractures and nephrolithiasis
were similar between postmenopausal and premenopau-
sal PHPT patients. Osteoporosis was more frequent in the
postmenopausal group. When Z-scores were compared,
postmenopausal patients had lower distal radius values,
whereas no significant differences were observed in lum-
bar spine or hip scores (Table 4).

In postmenopausal patients, distal radius Z-scores were
significantly lower than lumbar spine and femoral neck
Z-scores (p <0.001 for both), with no significant difference
between lumbar spine and femoral neck values (p =0.051).
In the premenopausal PHPT group, distal radius Z-score was
significantly lower than both the lumbar spine and femoral
neck Z-scores (p=0.006 and <0.001, respectively), while
lumbar spine and femoral neck Z-scores were comparable
(p=0.165).

In premenopausal patients with PHPT, calcium levels
correlated moderately with distal radius, and weakly with

@ Springer



33 Page 6 of 10

Archives of Osteoporosis (2026) 21:33

lumbar spine T-scores. Corrected calcium showed moder-
ate correlation with distal radius. Phosphorus, PTH, peak
PTH, and ALP were weakly correlated with distal radius
scores. No significant correlations were observed between
DXA measurements and 25(OH)D, 24-h urinary calcium,
age, or BMI (Table 5).

In regression analyses examining the relationship of the
distal radius T-score with other variables in premenopausal
patients with PHPT, univariate models revealed significant
associations with calcium, phosphorus, PTH, and ALP.
However, in multivariate analysis, only calcium remained
independently associated with the distal radius T-score, irre-
spective of the other parameters (Table 6).

Discussion

Although postmenopausal primary osteoporosis is the most
common cause of osteoporosis in women of postmenopausal
age, PHPT is also responsible for a subset of cases, as it most
frequently affects women between 50 and 65 years of age [3,
4]. Cerda et al. reported elevated PTH levels in one-third of
postmenopausal women with osteoporosis, and noted that in

10% of these patients the elevation was due to PHPT [23].
Wihlborg et al., in a study of 161 postmenopausal patients
with distal forearm fractures, found elevated PTH levels in
20% of the patients and diagnosed PHPT in 6.8% [24]. These
two conditions can be distinguished based on clinical his-
tory, physical examination, and laboratory tests. However,
the detection of PHPT by clinicians is often delayed. Alore
et al. [25] reported that only 23.4% of patients with chronic
hypercalcemia were evaluated for PHPT. Pajo-Fano et al.
[26] found that referral of PHPT patients to endocrinolo-
gists took an average of five years, and Asban et al. [27]
noted that even among patients with concurrent elevations
of calcium and PTH, the diagnosis was missed or delayed
in 40% of cases. Additionally, PHPT has a normocalcemic
variant, with a reported prevalence of 9-15% in the literature
[28, 29]. Although this variant is more difficult to identify
through laboratory testing, studies have shown that lumbar
spine, hip, and distal radius BMD measurements are similar
to those observed in the classic form of the disease [29]. Our
findings highlight that the preferential cortical bone loss in
PHPT, compared with primary osteoporosis, can serve as a
useful discriminator between the two conditions. We also
demonstrated its association with other clinical features in

Table 5 Correlation analysis of T-scores with age, BMI, and laboratory findings in premenopausal patients with primary hyperparathyroidism

Variables Ca C.Ca | PTH Peak PTH ALP 25(OH)D 24hCa Age BMI
Lumbar spine  r —0.237 -0.207 0.137  —0.02 —0.083 —0.183 -0.01 —0.049 0.036 0.085
p 0.028 0.056 0.215  0.857 0.45 0.131 0.931 0.654 0.74 0.423
Femoral neck  r —-0.087 -0.085 0.072  —0.059 -0.016 -0.037 -0.057 0.141 -0.026  —0.035
p 0.428 0.439 0.517  0.591 0.886 0.765 0.623 0.198 0.811 0.671
Total hip r -0.077 -0.05 0.04 0.054 0.107 -0.075 -0.181 0.184 —0.043 0.113
p 0.484 0.649 0.721  0.624 0.329 0.54 0.113 0.09 0.696 0.335
Distal radius r —0.455 —0.409 0275 —0.295  —0.259 —-0.322  0.167 0.007 0.04 0.058
p <0.001 <0.001 0.01 0.005 0.014 0.005 0.134 0.946 0.707 0.489

Ca calcium, C.Ca corrected calcium, P phosphorus, PTH parathyroid hormone, ALP alkaline phosphatase, 25(OH)D 25-hydroxyvitamin D, 24 h

Ca 24-h urinary calcium, BMI Body Mass Index

Table 6 Regression analysis

; : Univariate analysis Multivariate analysis

of factors associated with

distal radius T-scores in Variables )/ B (95% CI) P B (95% CI)

premenopausal patients with

primary hyperparathyroidism Calcium, mg/dL <0.001 —0.882 (—1.248 to —0.516) 0.008 —0.594 (—1.027 to —0.160)
Phosphorus, mg/dL 0.010  0.655 (0.163-1.147) 0413  0.196 (—-0.278-0.670)
Intact PTH, pg/mL <0.001 —0.004 (—0.005 to —0.002) 0.172 —0.002 (—0.004-0.001)
Alkaline Phosphatase <0.001 —0.007 (—0.011 to —0.004) 0.281 —0.003 (—0.007-0.002)
25(0OH)D, ng/mL 0.238  0.008 (—0.005-0.020) - -

24-h Ca mg/day 0.826
Age, years 0.956
Body mass index, kg/m? 0.470

0.000 (-0.002-0.002) - -
—0.001 (-0.038-0.036) - -
0.006 (-0.010-0.022) - -

B unstandardized regression coefficient, PTH parathyroid hormone, 25(0OH)D, 25-hydroxyvitamin D, 24 h

Ca 24-h urinary calcium
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PHPT, which has been addressed only in a limited number
of previous studies.

In the postmenopausal PHPT group, as expected, cal-
cium, PTH, and ALP levels were higher and phosphorus
levels were lower compared with the postmenopausal control
group. The prevalence of osteoporosis in the postmenopau-
sal PHPT was 50%, which is lower than the 58.9% reported
in the literature for the same group [30]. Consistent with
the literature, we observed a higher prevalence of osteopo-
rosis in the postmenopausal PHPT group, with both T- and
Z-scores being lower in trabecular- and cortical-rich sites
compared with controls. The lumbar spine is predominantly
trabecular, the one-third distal radius is predominantly corti-
cal, and the femoral neck contains both trabecular and corti-
cal components. The loss was more pronounced in cortical
bone. The literature indicates that in patients with PHPT,
cortical-rich sites, particularly the one-third distal radius,
are affected earlier and more severely [6, 31]. However,
accumulating evidence from advanced skeletal assessment
techniques, such as high-resolution peripheral quantitative
computed tomography (HR-pQCT) and trabecular bone
score (TBS), as well as fracture data, suggests that trabecu-
lar bone involvement is also present in PHPT [7, 8, 32]. The
findings of our study are consistent with and further support
the existing literature. Furthermore, the association between
vitamin D deficiency—related secondary hyperparathy-
roidism and increased cortical porosity [33], as well as the
presence of both cortical and trabecular bone loss in chronic
kidney disease-related hyperparathyroidism [34], suggests
that the bone changes observed in patients with PHPT are
largely driven by the effects of elevated PTH. Hyperthyroid-
ism, another cause of osteoporosis, has also been reported
to preferentially affect cortical bone, as demonstrated by a
study using HR-pQCT [35], whereas glucocorticoid-induced
osteoporosis is characterized predominantly by trabecular
bone loss [36].

In the postmenopausal control group, the prevalence
of osteoporosis was 28%, which is higher than the 17.4%
reported in the literature [12]. This may be explained by
the exclusion of patients without osteopenia or osteoporosis
from our study cohort. The distal radius T-score was com-
parable to the lumbar spine T-score, but lower than the fem-
oral neck T-score. No significant difference was observed
between the lumbar spine and femoral neck T-scores. In
the early postmenopausal period, bone loss predominantly
occurs in trabecular bone. With advancing age, cortical
bone loss also becomes evident, and previous studies have
demonstrated that this cortical loss correlates with bone
loss in trabecular-rich sites [37]. Furthermore, Miyamura
et al. observed that in some patients with postmenopausal
primary osteoporosis, the distal radius was more promi-
nently affected, with a correspondingly higher fracture risk
at this site [38]. In our study, the finding that the distal radius

T-score was comparable to the lumbar spine but lower than
the femoral neck T-score supports the observations reported
in these two studies [37, 38].

Several studies have addressed the importance of forearm
BMD assessment. Biver et al. [39] reported that distal radius
measurement provides additional value in evaluating frac-
ture risk. Cauley et al. [40] demonstrated that patients with
isolated radial osteoporosis exhibit volumetric and structural
deterioration in other skeletal sites, similar to those with hip
and lumbar osteoporosis. Cummings et al. [41] found that
both distal and proximal radial BMD are strong predictors of
hip fractures in elderly women. In postmenopausal women,
radial BMD measurement is recommended as a valuable
tool for fracture risk assessment, particularly when the hip or
spine cannot be reliably evaluated [17]. Although the exist-
ing literature underscores the importance of forearm BMD
assessment, no studies have investigated how this parameter
can be utilized in the differential diagnosis of osteoporosis in
postmenopausal women. Identifying PHPT as the underlying
cause of osteoporosis in postmenopausal women is of par-
ticular importance, as the therapeutic approach differs sub-
stantially from that of primary osteoporosis. Timely diag-
nosis of PHPT is also critical, as osteoporosis prevalence is
only 17.1% when identified within one year of hypercalce-
mia detection, but escalates to 25.4% with delayed recogni-
tion [42]. The overall fracture risk is increased 2.01-fold,
with forearm and vertebral fracture risks elevated 2.36-fold
and 3.00-fold, respectively, in patients with PHPT. Notably,
in postmenopausal women with PHPT, vertebral fracture
risk may rise up to 8.07-fold [8].

In our regression analysis, we observed that in post-
menopausal patients, each 1-SD decrease in the distal
radius T-score increased the likelihood of PHPT by 1.88-
fold, independently of lumbar spine and femoral neck
scores. This finding highlights the independent association
between PHPT and the distal radius T-score. In postmeno-
pausal patients with osteoporosis defined by lumbar spine or
hip T-scores, our ROC analysis demonstrated the utility of
the distal radius T- and Z-scores in differentiating primary
osteoporosis from PHPT-related osteoporosis. Distal radius
T-score < —2.4 yielded 80.0% sensitivity and 63.6% speci-
ficity, while a distal radius Z-score < —1.0 yielded 81.5%
sensitivity and 63.6% specificity for this distinction. To the
best of our knowledge, this is the first study to report DXA-
derived forearm T- and Z-score cutoff values that may aid in
the differential diagnosis of these two conditions.

In our comparison of postmenopausal and premenopausal
patients with PHPT, we found higher calcium, phosphorus,
and creatinine levels in the postmenopausal group. No dif-
ferences were observed in PTH, ALP, 25(OH) vitamin D
levels, adenoma size, or the prevalence of hypercalciuria,
nephrolithiasis, and fracture history. Arya et al. [43] reported
higher PTH, creatinine, and 25(OH) vitamin D levels in the
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postmenopausal group compared with the premenopausal
group, while lower alkaline phosphatase levels and no sig-
nificant differences in calcium, phosphorus, 24-h urinary
calcium excretion, or adenoma weight. Maldar et al. [44]
observed lower ALP and higher creatinine levels in the post-
menopausal group, with no significant differences in cal-
cium, phosphorus, 25(OH) vitamin D, or adenoma weight.
Castellano et al. [30] found higher phosphorus and creati-
nine levels in the postmenopausal group, but no differences
in PTH, calcium, 25(OH) vitamin D, or urinary calcium
excretion. They reported osteoporosis to be more common
in the postmenopausal group, whereas nephrolithiasis was
more frequent in the premenopausal group. In our study,
the higher phosphorus and creatinine levels observed in the
postmenopausal group, along with the absence of differ-
ences in PTH, 25(OH) vitamin D, and urinary calcium, are
consistent with the findings of Castellano et al. [30]. Simi-
larly, the lack of difference in adenoma size aligns with the
reports of Arya et al. and Maldar et al. [43, 44]. However,
the higher calcium levels in the postmenopausal group rep-
resent a novel finding that differs from previous studies. At
the end of the discussion, we aim to clarify this observation
by presenting forearm DXA measurement.

Consistent with the literature, osteoporosis was more fre-
quently observed in postmenopausal than in premenopausal
patients with PHPT [30]. The 24.7% prevalence of osteopo-
rosis observed in premenopausal patients in our study was
slightly higher than the 18.5% reported in the literature [30].
Distal radius Z-scores were lower than lumbar spine and
femoral neck scores in both postmenopausal and premeno-
pausal patients, supporting the notion that cortical bone is
particularly affected in PHPT. The distal radius Z-score was
significantly lower in the postmenopausal group, compared
to the premenopausal group, whereas no marked differ-
ences were observed in lumbar spine or hip Z-scores. Rubin
et al. [31] observed that in patients with PHPT, lumbar
spine BMD may be preserved for up to 15 years, whereas
cortical bone undergoes progressive loss. Castellano et al.
[45] found that PHPT patients younger than 65 years had
lower lumbar spine and femoral Z-scores compared with
those older than 65 years, while no difference was observed
between the two groups at the distal radius. They reported
that trabecular bone is more affected in patients under
65 years, whereas cortical bone is predominantly affected
in those over 65 years. The study by Castellano et al. [45]
included male patients as well as both premenopausal and
postmenopausal women in the <65-year group, which limits
a direct comparison with our findings. In contrast to their
results, our study showed similar rather than lower lumbar
spine Z-scores in premenopausal patients compared with
postmenopausal patients. This may be explained by the
absence of menopause-related trabecular loss in our pre-
menopausal group, whereas such an effect was present in
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the postmenopausal group. Our finding of greater cortical
loss in the postmenopausal group corroborates their obser-
vation that cortical bone loss becomes more prominent with
advancing age.

In our study, to eliminate the confounding effect of meno-
pause, we assessed the relationship between DXA measure-
ments and other parameters only in premenopausal PHPT
patients. We found a moderate and statistically significant
correlation between serum calcium levels and distal radius
scores. Correlations of distal radius scores with phosphorus,
PTH, and ALP were weak but statistically significant. In
the regression analysis performed to independently assess
the relationship between serum calcium levels and the distal
radius score, we identified a significant negative association
between these two variables, independent of other factors.
As previously noted, the higher calcium levels observed in
postmenopausal compared with premenopausal patients in
our study may be explained by the lower distal radius BMD
scores in the postmenopausal group. It is also known that
enhanced bone resorption is an important contributor to the
development of hypercalcemia in PHPT [2].

Only a limited number of studies have evaluated the rela-
tionship between forearm BMD scores and other parameters.
Piskinpasa et al. [46] reported a negative correlation between
distal radius scores and both corrected calcium and PTH.
Walker et al. [47] demonstrated an independent association
between distal radius scores and vitamin D. In contrast, Cas-
tellano et al. [48] found no significant differences in PTH,
calcium, or other biochemical markers between patients
with osteoporosis defined solely by distal radius scores and
those without. The relationship we observed between fore-
arm scores and both PTH and calcium is consistent with
the findings of Piskinpasa et al. [46]. Moreover, to the best
of our knowledge, the independent association we identi-
fied between calcium levels and the distal radius T-score
is novel in the literature. None of the three studies [46—48]
evaluated the correlation between forearm scores and ALP
or phosphorus levels.

Our study has several limitations. First, being a single-
center retrospective study limits the generalizability of the
findings. Second, not all patients in the postmenopausal oste-
oporosis control group had an indication for DXA screening.
However, in this group, patients with normal BMD were
excluded, and the cutoff values derived from DXA measure-
ments—our most important finding—were studied only for
patients with osteoporosis. Third, physical activity status,
which may influence bone scores, was not assessed. Fourth,
ionized calcium and bone-specific ALP were not meas-
ured; however, ALP was not a primary focus of our study.
Fifth, more advanced methods for evaluating bone involve-
ment, such as HRpQCT and TBS, were not utilized. Sixth,
PHPT patients who did not meet the surgical criteria were
not represented in the study group. Seventh, because the
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ROC analysis was performed in a case—control setting with
an enriched prevalence of PHPT, the derived cutoff values
should not be interpreted as diagnostic thresholds but rather
as adjunctive tools to raise clinical suspicion and guide fur-
ther biochemical evaluation. Finally, since the menopausal
status of patients in our cohort could not be directly veri-
fied, women aged 40-55 years were excluded to minimize
misclassification. Consequently, the lack of representation
of women aged 40-55 years constitutes an important limita-
tion of this study.

In conclusion, to the best of our knowledge, this is the
first study to demonstrate the utility of distal radius DXA in
the differential diagnosis of osteoporosis in postmenopausal
women, providing cutoff values along with their sensitivity
and specificity. Furthermore, we also report for the first time
an independent association between distal radius T-scores
and serum calcium levels in patients with PHPT. Although
the diagnosis of PHPT is primarily biochemical, a predomi-
nant reduction in distal radius BMD should prompt evalu-
ation for a parathyroid disorder. Moreover, our data may
provide clues to help distinguish whether osteoporosis—
identified as a surgical indication in PHPT—observed in
postmenopausal individuals with PHPT is primarily attribut-
able to PHPT or to menopause.
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