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Abstract

Background/Objectives: Osteoporosis is considered a surgical indication in primary hy-
perparathyroidism (PHPT), regardless of menopausal status. This pilot study aimed to
evaluate the impact of menopause and PHPT on bone mineral density (BMD) and to ex-
plore additional clinical factors that may influence bone health. Methods: We conducted
an observational pilot study including 204 postmenopausal women with osteopenia or
osteoporosis who underwent surgery for sporadic PHPT between 2009 and 2021 at Cruces
University Hospital (Spain). Demographic data, anthropometric data, date of last men-
strual period, years since menopause (YSM), and the clinical history of bone fragility were
collected prior to parathyroidectomy. Biochemical parameters and months with hypercal-
cemia (MHCa)—as a surrogate for PHPT exposure—were analyzed. BMD results were
expressed as a densitometric index, the T-Score. Results: Higher age (p = 0.043), greater
body mass index (BMI) (p = 0.039), more YSM (p = 0.027), lower serum calcium levels (s-Ca)
(p = 0.04), and glucocorticoid treatment antecedents (GcT) (p = 0.029) were all significantly
associated with femoral osteoporosis. Similarly, higher weight (p = 0.004), greater MHCa
(p = 0.01), lower height (p = 0.01) and s-Ca levels (p = 0.002) were significantly associated
with spinal osteoporosis. Furthermore, logistic regression multivariate analysis determined
that femur density was independently influenced by YSM (p < 0.001), s-Ca (p = 0.018),
BMI (p = 0.002) and GcT (p = 0.006). Osteoporosis of the spine was also independently
associated with YSM (p = 0.036), s-Ca (p = 0.031) and also with body weight (p = 0.003).
Conclusions: The duration of menopause (YSM), rather than PHPT severity, is an indepen-
dent predictor of osteoporosis in postmenopausal women.

Keywords: osteoporosis; primary hyperparathyroidism; menopause; parathyroidectomy;
observational cohort study

1. Introduction
Osteoporosis is a disease characterized by a decrease in bone density and alteration of

bone microarchitecture, leading to an increased risk of fractures [1]. It is associated with a
decline in quality of life, comorbidities, and mortality, making it a public health issue.
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Dual-energy X-ray absorptiometry (DEXA) is a standard tool in daily clinical practice
and the gold standard for diagnosing osteoporosis [1] through the measurement of bone
mineral density (BMD). The international reference, established by the World Health
Organization (WHO) [1,2], for diagnosing osteoporosis during menopause is a T-score of
−2.5 or lower in the lumbar spine, total hip, or femoral neck [3].

Primary osteoporosis, or age-associated osteoporosis, predominantly occurs in post-
menopausal women [4]. Secondary osteoporosis, on the other hand, is associated with
medication use, lifestyle habits, or medical conditions [5,6] that have a deleterious effect
on bone. Approximately one-third of postmenopausal women also suffer from secondary
osteoporosis [4], with primary hyperparathyroidism (PHPT) being a relatively common
cause; PHPT predominantly affects women in the first decade after menopause [7–9].

Up to 80% of patients with PHPT, characterized by hypercalcemia and elevated or
inappropriately high levels of parathyroid hormone (PTH) relative to circulating calcium
levels, are asymptomatic [9]. In postmenopausal women around the sixth decade of life,
diagnosis is established after finding hypercalcemia in routine blood tests [1] during the
evaluation of decreased bone density or osteoporosis. Estrogen deficiency reduces the
inhibitory effect of PTH-induced bone resorption, leading to hypercalcemia [7].

Excessive PTH-mediated stimulation leads to varying degrees of hypercalcemia, pri-
marily associated with increased bone resorption and enhanced renal calcium reabsorption.
High levels of calcitriol observed in PHPT patients are associated with increased levels of
markers of bone remodeling and negatively impact bone mineral density [10]. Changes
in bone metabolism in the course of PHPT are associated with the continuous effect of
PTH stimulation on bone tissue, leading to increased bone turnover and a predominance
of bone resorption over formation. Excess PTH has a predominantly catabolic effect on
cortical bone, so patients with PHPT exhibit decreased BMD in cortical bone with relative
preservation of trabecular bone mass [11–13]. However, in postmenopausal women with
PHPT, estrogen deficiency induces early-stage bone loss in trabecular bone (such as in
the lumbar spine) [9] and a subsequent increased risk of vertebral fractures [14], even if
they are asymptomatic [7]. In postmenopausal women with PHPT, DEXA may therefore
underestimate the risk of developing vertebral fractures [13,15], as BMD in the spine may
be preserved [13,14]. Consequently, several studies and clinical guidelines since 2014 [16]
recommend an additional tool to DEXA that evaluates bone microstructure. Trabecular
Bone Score (TBS) [13,17] can identify those postmenopausal women with PHPT who are
susceptible to vertebral fractures, regardless of BMD measured by DEXA. However, by the
latest international consensus [18], DEXA remains the gold standard, given the disparate
results from reviewed studies on the use of TBS in vertebral fractures [19,20].

In 1990, an international group of experts began developing and revising the clinical
guidelines for surgical recommendation in asymptomatic PHPT and have continued to do
so since then, maintaining the presence of osteoporosis at any location as a criterion for sur-
gical indication [18]. However, despite the higher prevalence of PHPT in postmenopausal
women, estrogen deficiency and its effect on bone are not considered.

In the literature, most studies comparing cohorts with surgically treated PHPT to
cohorts with untreated PHPT are heterogeneous observational studies; they also disregard
menopausal status or other causes of osteoporosis as inclusion criteria [21–23]. They
describe cohorts as a “low-risk population”, which does not represent the population seen
daily in clinical practice.

Some evidence [12] and our clinical experience suggest that the main factor in bone
impairment in postmenopausal women with PHPT is the prolonged absence of the pro-
tective action of estrogens, rather than the effects of excess PTH. To test this hypothesis,
in the present study, we determined the impact of menopause and PHPT on BMD as
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determined by DEXA in a cohort of surgically treated postmenopausal patients with PHPT
(following international clinical guidelines). We also assessed the role of other clinical and
pharmacological factors that may coexist in the study population.

2. Materials and Methods
2.1. Patients

Patients were selected based on these inclusion and exclusion criteria:
Inclusion Criteria:

- Caucasian menopausal female patients. Menopause is defined as occurring at 45 years
of age.

- Biochemical diagnosis of PHPT characterised by elevated serum calcium levels accom-
panied by high i-PTH levels (>75 pg/mL) or “inappropriate” normal levels, confirmed
in at least two measurements following treatment for 25-hydroxy vitamin D deficiency
(optimal range 30–100 ng/mL).

- Patients eligible for surgical treatment: symptomatic PHPT or asymptomatic PHPT
meeting the criteria for surgical intervention as determined by international consensus
guidelines (Serum calcium >1 mg/dL (0.25 mmol/L) above upper limit of normal.
Skeletal features: Fracture by VFA or vertebral X-ray/BMD by T-score≤ −2.5 at any
site. Renal features: eGFR or CrCl <60 cc/minute/Nephrocalcinosis or nephrolithi-
asis on X-ray, ultrasound, or other imaging modality/Urinary calcium excretion
>400 mg/day. Age < 50) [16].

- Patients who have provided informed consent for the intervention and potential use
of their information for educational and/or research purposes.

- Histologically confirmed diagnosis.
- Bone involvement at diagnosis determined by T-Score [1] on DEXA scan of the femur

and/or spine: Low bone density: T-Score between −1 and −2.5 SD. Osteoporosis:
T-Score less than −2.5 SD.

Exclusion Criteria:

- Patients with PHPT with multiglandular disease.
- Patients with PHPT associated with a known genetic syndrome.
- Patients with parathyroid carcinoma.
- Patients with secondary hyperparathyroidism and tertiary hyperparathyroidism.
- Recurrence of PHPT in patients previously treated with surgery.
- Hypercalcemia due to lithium or thiazide use.
- Previous hormone replacement therapy.

PHPT was determined to be present when the patient had hypercalcemia (normal
range 8.1–10.4 mg/dL) and inappropriate or elevated levels of intact PTH (i-PTH), a di-
rect measure of parathyroid gland function independent of renal function (normal range
10–75 pg/mL), in at least two determinations and after treatment of 25-Hydroxy Vitamin
D deficiency (optimal range 30–100 ng/mL). Only cases where histological studies con-
firmed that the tissue was parathyroid, and its weight was pathological (normal range
40–60 mg) [24] were included.

Patients with PHPT associated with multiglandular syndromes, genetic syndromes,
parathyroid carcinoma, secondary and tertiary hyperparathyroidism, recurrent PHPT, and
lithium- or thiazide-associated hypercalcemia were excluded from the study. To determine
the impact of menopause on BMD reduction, patients undergoing hormone replacement
therapy were excluded.

According to WHO criteria [25], natural menopause is confirmed after 12 consecutive
months without menstruation, provided that the cessation was not due to any other obvious
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physiological or pathological cause or clinical intervention. The age of onset is specified
at 45 years [26], with a range of 45 to 55 years [27]. International clinical guidelines [28]
state that laboratory or imaging tests should not be used to diagnose perimenopause or
menopause in women aged 45 years or older. Serum FSH measurement should only be
considered to confirm menopause in women aged 40–45 with menopause-related symp-
toms, including changes in menstrual cycle, or in women under 40 in whom premature
menopause is suspected. Since all patients in our study had experienced menopause at an
age of at least 45 years to meet the inclusion criteria, hormonal testing was not performed,
in accordance with the recommendations of the clinical guidelines.

For statistical analysis, women who met the age criterion of 45 years for the onset of
menopause and had medically or surgically induced menopause were also considered.

All patients who met the diagnosis of sporadic PHPT with surgical indication [16] and
bone involvement in the femur and/or lumbar spine were selected for the study.

2.2. Clinical, Laboratory and BMD Evaluation

Demographic, anthropometric, and clinical data and the clinical history of bone
fragility were collected for all patients prior to parathyroidectomy.

To determine the etiological factors of bone involvement in this study population,
the medical-surgical and pharmacological histories of each patient were considered. This
allowed us to determine major causal agents of deleterious bone effects and their possible
interactions. To determine the effect of menopause on the bone, the number of years since
menopause (YSM) was recorded for each patient at the time of PHPT surgery; likewise,
the number of months with hypercalcemia (MHca) prior to surgery was considered as
a measure of the bone effect of PHPT. This MHCa was obtained from serial calcium
measurements taken before surgical intervention (at least two measurements per patient).

Serum levels of calcium (normal range 8.1–10.4 mg/dL), creatinine (normal range
0.7–1.30 mg/dL), i-PTH (normal range 10–75 pg/mL), 25-Hydroxy Vitamin D (optimal
levels >30 ng/mL), and 24-h urinary calcium were recorded before parathyroidectomy.
The techniques and analyzers employed for the determination of biochemical parame-
ters were as follows: calcium, creatinine, and 24-h urinary calcium were measured by
molecular absorption spectrophotometry using the Arsenazo III reagent; intact parathyroid
hormone (iPTH) was determined by a non-competitive chemiluminescent immunoassay;
and 25-hydroxy vitamin D was assessed by a competitive chemiluminescent immunoassay.
All assays were performed using the Atellica® CH and Atellica® IM analyzers (Siemens
Healthineers, Tarrytown, NY, USA).

All patients in the preoperative study underwent abdominal ultrasound to determine the
presence or absence of renal lithiasis. BMD was determined before parathyroidectomy using
DEXA in the femoral neck, total hip, and lumbar spine (L1-L4) with a QDR 4500 SL machine
(Hologic, Waltham, MA, USA). The precision of the technique has an in vivo coefficient of
variation of 1.6% for the femoral head and 1% for the lumbar spine. Results are expressed as
a densitometric index, the T-Score, which compares BMD to that of a healthy young adult.
Treatment with 25-Hydroxy Vitamin D supplements was not considered an exclusion criterion,
but it was considered during data analysis.

2.3. Statistical Analysis

Data were analyzed using the IBM-SPSS statistical package (Version 28). The
Kolmogorov-Smirnov test was used to check the normality of quantitative variables. In our
series, all quantitative variables were non-parametric, so comparisons between two vari-
ables were made using the Mann-Whitney U test. The analysis of the possible relationship
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between different qualitative variables was carried out using contingency tables, through
Pearson’s chi-squared test.

Mathematical prediction models (multivariate analysis) based on binary logistic re-
gression were used to determine the degree of influence of different independent variables
on the dependent variable, osteoporosis of the femur and spine.

In all cases, a p-value of < 0.05 was considered significant.

3. Results
204 postmenopausal patients with PHPT who met the inclusion criteria were included

in the study. Demographic, anthropometric, clinical data and the clinical history of bone
fragility are presented in Table 1.

Table 1. Baseline characteristics of the study population (n = 204). Continuous variables are reported
as the mean and standard deviation, and categorical variables as the percentage of total patients.

Age (years) 64.5 ± 8.75
BMI (kg/m2) 27.3 ± 5.03
Smoking habit 18.1%
YSM 14.1 ± 8.93
Surgical menopause 13.2%
MHca (months) 38.9 ± 38.24
Asymptomatic 27.0%
Patients with fractures 16.7%
Comorbidities
Diabetes mellitus 14.2%
Hyperthyroidism 7.9%
Inflammatory arthropathy 3.9%
Liver disease 3.4%
Haematological disease 3.4%
Breast cancer 2.0%
Malabsorptive syndrome 1.5%
Chronic Treatments
P-pi 17.3%
Antidepressants 11.3%
Glucocorticoids 3.4%
Immunosuppressants 3.4%
Thyroxine 1.0%
25-OH-Vitamin D deficiency 52.9%
Osteoporosis 22.5%
Biochemistry
s-Ca (mg/dL) 11.3 ± 0.73
i-PTH (pg/mL) 201.7 ± 203.41
25-OH-Vitamin D (ng/mL) 20.9 ± 10.78
24-h urine calcium (mg/24 h) 338.3 ± 169.47
Bone mineral density (BMD)
Femoral neck (%) N 26%, OSTP 51%, OSPR 23%
Lumbar spine (%) N 20%, OSTP 39%, OSPR 41%

BMI: body mass index; YSM: years since menopause; MHca: months with hypercalcemia. P-pi: proton-pump
inhibitors. Reference values: s-Ca (serum calcium): 8.1–10.4 mg/dL; i-PTH (intact parathormone): 10–75 pg/mL;
25-OH-Vitamin D: insufficiency < 20 ng/mL; 24-h urine calcium < 300 mg/24 h. BMD: Normality was defined as
a T score greater than −1 SD; osteopenia: a T score between −1 and −2.5 SD; osteoporosis: a T score equal to or
less than −2.5 SD.

The mean age of the patients was 64.5 ± 8.75 years, with a body mass index (BMI) of
27.3 ± 5.03 kg/m2. Among them, 18.1% were smokers.

At the time of PHPT diagnosis, 27% of the patients were asymptomatic, whereas 16.7%
had previously experienced fractures; they had a mean duration of 38.89 ± 38.24 MHca
and 14.1 ± 8.93 YSM.

The prevalence of chronic morbidities in the study population included 14.2% patients
with diabetes mellitus, 7.9% with hyperthyroidism, 3.9% with inflammatory arthropathy, 3.4%
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with liver disease, 3.4% with hematological disease, 2% with breast cancer, and 1.5% with
malabsorption syndrome. Additionally, 52.9% of the patients had been treated for vitamin
D insufficiency, 22.5% were on treatment for osteoporosis, 17.3% were taking proton pump
inhibitors, 11.3% were on selective serotonin reuptake inhibitor antidepressants, 3.4% were on
glucocorticoid treatment, 3.4% on immunosuppressants, and 1% on thyroxine treatment.

Regarding densitometry results (Table 1), 23% of the patients had osteoporosis in the
femoral neck, 26% had normal values, and 51% had osteopenia. In the lumbar spine, 41.2%
had osteoporosis, 20.1% had normal values, and 38.7% had osteopenia.

For the different statistical analyses, patients were grouped into two categories: Group
1) patients without osteoporosis, including those with normal densitometry and osteopenia
(T-score > −2.5); and Group 2) patients with osteoporosis (T-score ≤ −2.5).

We analyzed the association between these quantitative and qualitative clinical vari-
ables and osteoporosis in the femur and lumbar spine. The differences in anthropometric,
clinical and biochemical parameters between patients with and without osteoporosis in
the femur and in lumbar spine are shown in Table 2 (quantitative variables) and Table 3
(qualitative variables).

Table 2. Influence of quantitative clinical and analytical variables on femoral and spinal osteoporo-
sis (OSPR). Values are expressed as mean ± standard error. Mann-Whitney U test was employed to
compare quantitative variables. Significant p-values (p < 0.05) are highlighted in bold.

Quantitative Variables
Without Femoral

OSPR
(n = 157)

With Femoral
OSPR

(n = 47)
p =

Without Spinal
OSPR

(n = 120)

With Spinal
OSPR

(n = 84)
p =

Age at diagnosis (years) 63.81 ± 0.704 66.79 ±1.195 0.043 64.14 ± 0.851 65.00 ± 0.863 0.505

Weight (kg) 68.33 ± 1.005 63.60 ± 1.723 0.032 69.38 ± 1.170 64.19 ± 1.264 0.004

Height (cm) 1.57 ± 0.005 1.56 ± 0.09 0.548 1.58 ± 0.006 1.56 ± 0.006 0.010

BMI (kg/m2) 27.68 ± 0.403 25.99 ± 0.711 0.039 27.88 ± 0.468 26.47 ± 0.530 0.055

Previous pregnancies (n =) 2.15 ± 0.109 2.19 ± 0.227 0.800 2.14 ± 0.123 2.19 ± 0.163 0.825

Age at menopause (years) 50.52 ± 0.225 50.02 ± 0.456 0.316 50.49 ± 0.273 50.29 ± 0.300 0.827

YSM 13.29 ± 0.693 16.76 ± 1.355 0.027 13.65 ± 0.858 14.71 ± 0.897 0.301

MHca 40.89 ± 3.304 31.93 ± 5.241 0.200 41.25 ± 3.535 35.64 ± 4.634 0.038

i-PTH (pg/mL) 206.86 ± 18.186 184.76 ± 11.408 0.396 223.07 ± 23.36 171.34 ± 8.236 0.290

s-Ca (mg/dL) 11.40 ± 0.061 11.15 ± 0.080 0.040 11.45 ± 0.065 11.19 ± 0.078 0.002

Calcium excretion (mg/24 h) 343.99 ± 13.806 322.11 ± 25.555 0.406 331.78 ± 16.749 348.75 ± 17.322 0.312

25-hydroxyvitaminD (ng/mL) 20.571 ± 0.840 21.98 ± 1.817 0.603 20.003 ± 0.869 22.14 ± 1.385 0.485

Weight of parathyroid
adenoma (mg) 1117.71 ± 102.980 746.11 ± 84.852 0.104 1043.98 ± 106.8 1015.11 ± 129.76 0.975

OSPR: Osteoporosis; BMI: body mass index; YSM: years since menopause; MHca: months with hypercalcemia.
i-PTH, intact parathyroid hormone; s-Ca, serum calcium.

Patients with femoral osteoporosis were significantly older at diagnosis and had a
longer duration of menopause compared with those without osteoporosis. In contrast,
body weight, BMI, and serum calcium levels from the last preoperative analysis were lower
in women with femoral osteoporosis than in those without (Table 2). Additionally, 57%
of patients in the osteoporosis group had a history of glucocorticoid treatment, compared
with 42.9% in the non-osteoporotic group (Table 3).

Regarding trabecular bone (lumbar spine), patients with osteoporosis exhibited higher
body weight and BMI compared with those without. Serum calcium levels from the last
preoperative analysis were also lower in the osteoporosis group (Table 2). Of particular
note is the duration of menopause (YSM) at the time of PHPT diagnosis: while the mean
duration was 14.1 years, the range in our cohort extended from less than one year to
36 years. The time elapsed from menopause onset to PHPT diagnosis was longer in both
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women with femoral osteoporosis and those with lumbar spine osteoporosis (Table 2)
compared with women without osteoporosis at these sites.

Table 3. Influence of qualitative clinical and analytical variables on femoral and spinal osteoporosis
(OSPR). Values are expressed as number of patients. Chi-square test was employed to compare
qualitative variables. Significant p-values (p < 0.05) are high-lighted in bold.

Qualitative Variables
Without Femoral

OSPR
(n = 157)

With Femoral
OSPR

(n = 47)
p =

Without Spinal
OSPR

(n = 120)

With Spinal OSPR
(n = 84) p =

Smoking habit
NO 146 41 0.445 113 74 0.303
YES 11 6 7 10
Induced menopause
NO 136 41 0.914 105 72 0.711
YES 21 6 15 12
Diabetes Mellitus
NO 132 43 0.202 102 73 0.701
YES 25 4 18 11
Hyperthyroidism
NO 144 44 0.125 111 77 0.487
YES 13 3 9 7
Previous breast cancer
NO 155 45 0.196 118 82 0.717
YES 2 2 2 2
Prev. glucocorticoid treatment
NO 154 43 0.029 116 81 0.927
YES 3 4 4 3
Prev. immunosuppressant treatment
NO 152 45 0.724 114 83 0.141
YES 5 2 6 1
Prev. proton-pump inhibitor treatment
NO 126 42 0.151 101 67 0.417
YES 31 5 19 17
Prev. antidepressant treatment
NO 138 43 0.495 106 75 0.832
YES 19 4 14 9
Prev. Vit D treatment
NO 73 23 0.769 58 38 0.663
YES 84 24 62 46

OSPR: Osteoporosis.

Based on these findings, a multivariate logistic regression analysis was performed
including the variables with statistically significant associations. Femoral bone density was
independently influenced by YSM, serum calcium levels, BMI, and prior glucocorticoid
treatment (Table 4), whereas lumbar spine bone density was independently associated with
YSM, serum calcium levels, and body weight (Table 5).

Table 4. Predictive (multiple logistic regression) model according to femur osteoporosis at diagno-
sis of PHPT.

Variables p = B ExpB CI (Inf) CI (Sup)

Multiple logistic regression

YSM 0.411 0.058 1.060 0.922 1.218
MHca 0.209 −0.007 0.993 0.982 1.004
s-Ca 0.024 −0.785 0.456 0.231 0.902
Age 0.713 0.028 1.028 0.888 1.190
BMI 0.002 −0.146 0.864 0.788 0.948
GcT 0.007 2.410 11.135 1.934 64.106

Final Step of the Wald method

YSM <0.001 0.081 1.084 1.034 1.137
s-Ca 0.018 −0.841 0.431 0.214 0.867
BMI 0.002 −0.143 0.867 0.792 0.950
GcT 0.006 2.454 11.632 2.047 66.102

Selected independent variables were years since menopause (YSM), months with hypercalcemia (MHca), calcemia
(s-Ca), age, body mass index (BMI) and glucocorticoid treatment (GcT). A stepwise selection procedure (backwards
Wald method) was used to select the final optimal model. ExpB with confidence interval (CI) is also included.
According to the Omnibus test, the model was statistically significant (p < 0.001). Hosmer–Lemeshow test
(p = 0.640). R2 Nagelkerke (p = 0.224). Statistically significant p-values are highlighted in bold.
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Table 5. Predictive model (multiple logistic regression model) according to spine osteoporosis at
diagnosis of PHPT.

Variables p = B ExpB CI (Inf) CI (Sup)

Multiple logistic regression

YSM 0.080 0.034 1.034 0.996 1.074
MHca 0.217 −0.005 0.995 0.987 1.003
s-Ca 0.027 −0.545 0.580 0.357 0.940
Weight 0.010 −0.037 0.963 0.936 0.991
Height 0.164 −3.964 0.019 0.000 5.026

Final Step of the Wald method
YSM 0.036 0.039 1.040 1.003 1.078
s-Ca 0.031 −0.531 0.588 0.363 0.953
Weight 0.003 −0.042 0.959 0.933 0.986

Selected independent variables were years since menopause (YSM), months with hypercalcemia (MHca), serum
calcium levels (s-Ca), weight, and height. A stepwise selection procedure (backwards Wald method) was used to
select the final optimal model. ExpB with confidence interval (CI) is also included. According to the Omnibus test,
the model was statistically significant (p = 0.002). Hosmer–Lemeshow test (p = 0.746). R2 Nagelkerke (p = 0.137).
Statistically significant p-values are highlighted in bold.

4. Discussion
This study analyzed the influence of different clinical, anthropometric and demo-

graphic variables on femur and vertebral column osteoporosis in postmenopausal women
with PHPT. The results demonstrated that YSM, BMI, weight and height, glucocorticoid
treatment, and serum calcium levels were associated with osteoporosis. Furthermore, mul-
tivariate analysis showed that YSM and lower serum calcium are independent variables
predicting the onset of osteoporosis in both the femur and spine.

PHPT is an endocrine disorder prevalent in postmenopausal women during the
5th–6th decade of life [7–9]. However, studies considering menopausal status as a vari-
able influencing bone health in these patients are scarce. Consequently, the international
consensus from 1990 to 2022 [18] on recommendations for surgery in asymptomatic PHPT
patients is that YSM is not a potentially significant factor affecting BMD.

Estrogens inhibit osteoclastic activity and bone resorption, making bones more resis-
tant to the effects of PTH [26]. It can therefore be inferred that longer estrogen deprivation
due to menopause may reduce protection against the deleterious effects of excessive PTH in
PHPT patients [12]. Based on this premise, this study analyzed the influence of menopausal
duration on BMD in these patients.

In our series, 41% of patients had osteoporosis in the spine and 23% in the femur.
Given that excessive PTH leads to a more pronounced decrease in BMD in cortical bone
compared to trabecular bone [12], other variables like menopausal duration may play a
significant role in trabecular bone demineralization in these patients.

In our multivariate analysis, we used YSM and MHca as necessary variables to de-
termine the influence of menopause and PHPT on bone, respectively. The MHCa was
obtained from serial calcium measurements taken before surgical intervention, comprising
at least two measurements per patient. Quantitative variables (height, weight, BMI, and
age) and qualitative variables (glucocorticoid treatment) associated with osteoporosis were
also included. The multivariate analysis confirmed the study’s hypothesis that YSM is an
independent predictive variable for osteoporosis in both the femur and spine. This finding
is consistent with Rogmanoli et al. [12], who reported that menopausal duration is more
important than chronological age in predicting vertebral fractures in these patients.

Patients with osteoporosis, both in the femur and lumbar spine, exhibited significantly
lower serum calcium levels than those without osteoporosis. This finding correlates with
current clinical practice, where most diagnoses of PTHT are established in asymptomatic
patients during the first decade of menopause through the examination of osteoporosis
by serum calcium and i-PTH checks [29]. Furthermore, our osteoporosis group exhibited
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lower MHCa, i-PTH level, and even weight of the adenoma than the non-osteoporosis
group. Routine measurement of serum calcium or i-PTH is not performed in asymptomatic
patients without osteoporosis; in this group, therefore, the diagnosis of PTHT is not made
at such an early stage. Therefore, this study does not relate the severity of primary hyper-
parathyroidism, in terms of calcium levels, duration of the condition, and PTH, to the risk
of developing osteoporosis. A recent publication by Corbetta et al. [30] describes results in
the same direction.

We also observed that patients with higher BMI due to higher body weight had a
lower risk of developing osteoporosis in the femur and spine. Several studies support this
result [31–33] suggesting total body weight and BMI are protective factors against osteo-
porosis in menopausal women, possibly due to the role of adipose tissue in maintaining
circulating estrogens via peripheral androgen aromatization [34]. Patients with osteoporo-
sis in the spine also tended to have shorter height. This may be due to osteoporosis at this
level reducing vertebral body height [35].

Finally, this study identified daily glucocorticoid use exceeding 5 mg for more than
three months as an independent predictor for femur osteoporosis. However, multivariate
analysis did not indicate the same for the lumbar spine. Recent studies indicate that
bone densitometry is more reliable in assessing bone microstructure damage in the femur
than in the lumbar spine in patients receiving high-dose and/or chronic glucocorticoid
treatment [36]. Therefore, TBS is recommended as a complementary tool to standard
densitometry in secondary osteoporosis [17], including steroid-induced osteoporosis and
that in the spine of menopausal patients with PHPT [12]. However, few clinical centers
routinely use this tool.

In conclusion, in line with our hypothesis, our results reveal that postmenopausal
women with PHPT and longer estrogen deprivation, as measured by YSM, are at greater
risk of developing osteoporosis. Moreover, the influence of this variable on osteoporosis
outweighs factors closely related to PHPT, such as duration of hypercalcemia, i-PTH levels,
and calcium excretion. Hence, a multidisciplinary clinical approach is recommended for
these patients, emphasizing not only surgical indications following current protocols but
also prevention, treatment, and monitoring by menopause specialists.

It is important to acknowledge that the main limitation of this pilot study lies in its
retrospective design, which prevents full control over potential sources of bias, including
selection bias, as patient inclusion was non-random. Furthermore, the exclusion criteria
limited the final sample size, which may restrict the generalizability of our findings to
broader populations. The study was sufficiently powerful for detecting large effects but
likely underpowered with respect to identifying small-to-moderate associations. Therefore,
although the study was conducted at a leading university hospital in northern Spain and
included a cohort spanning from 2009 to 2021, expanding the sample in future multicenter
studies will be essential to validate and consolidate these results.
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