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Abstract

Primary hyperparathyroidism (PHPT) and vitamin D deficiency (VD) are two frequent
medical conditions in the Western world. Purely by dint of their prevalence, these con-
ditions are commonly comorbid. Moreover, they can interact with one another: VD may
stimulate PTH secretion, while PHPT may lead to unregulated vitamin D activation from
25-hydroxyvitamin D (25OHD) to 1,25-dihydroxyvitamin D (1,25OH2D), thereby lowering
25OHD levels and further exacerbating VD. Thus, a real conundrum arises: should the
careful clinician replete VD in PHPT or not? On the one hand, both conditions could lead
to bone mineral density (BMD) loss if untreated, ultimately resulting in osteoporosis and
fragility fractures; on the other hand, vitamin D supplementation could lead to further
worsening of hypercalcemia and its dreaded complications. To complicate matters, patients
undergoing parathyroidectomy (PTX) after long-standing PHPT can also suffer from post-
operative hungry-bone syndrome and symptomatic hypocalcemia, which may be further
exacerbated by VD. This narrative review aims to summarize the relevant pathophysiologi-
cal mechanisms underlying these two diseases and their complex interactions. The latest
evidence regarding thresholds and targets for vitamin D supplementation in PHPT will be
discussed, with a focus on the balance between benefits and risks.

Keywords: vitamin D supplementation; vitamin D deficiency; primary hyperparathyroidism;
hypercalcemia; hungry-bone syndrome; narrative review

1. Introduction
Primary hyperparathyroidism (PHPT) is a relatively common medical condition

around the world, being the most common etiology of hypercalcemia in the outpatient
population [1]. Historically defined as hypercalcemia and elevated or non-suppressed
parathyroid hormone (PTH) levels, it is nowadays accepted to diagnose PHPT in nor-
mocalcemic patients with elevated PTH levels and hypercalciuria [2,3]. Its age-adjusted
prevalence in the healthy population of the United States of America has been estimated
at 233 and 85 per 100,000 women and men, respectively [1]. In Canada, the prevalence of
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PHPT amongst community-dwelling adults is estimated at 3.3% and 1.4% (normocalcemic
and classical forms, respectively) [4]. Incidence has remained relatively stable at 21.6 per
100,000 person-years in the last decades, after peaking at 82.5 per 100,000 person-years in
the 1970s, most likely due to serum calcium being tested more frequently [5]. The conse-
quences of PHPT are varied, ranging from hypercalciuria to nephrolithiasis, chronic kidney
disease (CKD), constipation, osteoporosis, neuropsychiatric symptoms and bone/joint
pain. Among these, depression and bone/joint pain may not be linked to the level of
serum calcium but may still be relieved by definitive surgical cure [6,7]. It has even been
suggested to screen every patient for occult urolithiasis given its high prevalence (21%) [3,8].
PHPT and its detrimental effects on bone health have long been known, particularly with
respect to cortical bone such as the distal radius, hence the relatively high prevalence of
osteoporosis in PHPT cohorts, with some estimates being as high as 48.4% [9,10]. Indeed,
the Canadian Multicentre Osteoporosis Study (CaMoS) has shown that patients with PHPT
have lower BMD values compared to healthy controls at the lumbar spine, femoral neck
and total hip [4].

Historically linked to deficient sunlight exposure with a North-to-South gradient,
vitamin D deficiency (VD) is common in Northern resource-rich countries. With better
physician awareness in the last few years, vitamin D supplementation has been more
widespread, with a decrease in VD prevalence and a reversal of the North-to-South gra-
dient [11]. Population-wide surveys in Canada from 2016 to 2019 estimated that 6.8% of
the population aged three to 79 years old has VD, while 19.3% of the population has levels
meeting the insufficient range [12].

Purely by chance, one could expect these two conditions to be comorbid in any
individual given their respective prevalence, but there seems to be an epidemiological link,
for it has been reported that between 36.4 and 81% of patients with PHPT have VD [13,14].
Physiopathological interactions between vitamin D and PHPT have been demonstrated, a
topic this review aims to further explore. First, we will begin by explaining the relevant
physiology. Then, we will discuss whether it is prudent to replenish VD in patients with
PHPT, given the available data on safety and possible benefits, with a specific emphasis on
bone mineral density (BMD).

2. Overview of Calcium Physiology
Before delving into the abnormal pathophysiology of vitamin D metabolism in PHPT,

let us briefly review classic calcium homeostasis (Figure 1).
Extracellular ionized calcium is sensed through the Calcium Sensing Receptor

(CaSR) [15]. A reduction in calcemia results in PTH secretion and production in the
chief cells of the parathyroid glands, which will have three main effects: (1) increased reab-
sorption of calcium and reduced reabsorption of phosphate in the nephron; (2) increased
bone resorption to liberate both calcium and phosphate; and (3) increased expression of
CYP27B1 in the kidneys (also known as 1-α-hydroxylase) to convert 25-hydroxyvitamin D
(25OHD) into its active form: 1,25-dihydroxyvitamin D (1,25OH2D) [16]. CYP27B1 is also
directly stimulated by hypocalcemia and hypophosphatemia. Vitamin D (cholecalciferol)
is synthesized from 7-dehydrocholesterol via skin exposure to UVB light. Afterwards,
cholecalciferol is constitutively hydroxylated in the liver by CYP2R1 into 25OHD [16].
This step is substrate-dependant and unregulated. Thus, 25OHD levels reflect vita-
min D status. This pro-hormone is then hydroxylated via CYP27B1, mainly in the kid-
neys, into 1,25OH2D, which is considered the active hormone [16]. 1,25OH2D serves to:
(1) increase calcium absorption in the gut; (2) increase calcium resorption from bones; and
(3) increase calcium reabsorption in the nephron [16]. Both 1,25OH2D and PTH increase
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the production of fibroblast growth factor 23 (FGF-23) by osteocytes, an important step in
feedback, although the effect of this hormone on PTH is still incompletely understood [17].

Figure 1. Homeostasis of calcium regulation. Decreased (↓) extracellular calcium acts on the parathy-
roid gland to increase (↑) PTH secretion. PTH increases calcium reabsorption from the kidneys;
increases bone resorption; and increases expression of CYP27B1 in the kidneys. The increase in
1,25-(OH)2D3 then serves to increase calcium absorption from the gut, increase bone resorption and
increase calcium reabsorption in the kidneys. Positive feedback is shown by green arrowheads, while
negative feedback is shown in red. Created in BioRender. Bégin, M. (https://BioRender.com/imjrngj)
is licensed under CC BY 4.0.

Methods for measuring vitamin D are not readily available, whereas 25OHD can be
measured easily. In the serum, vitamin D metabolites are bound to vitamin D-binding
protein (DBP), which maintains their stability and creates an available pool in circulation.
Only 1% of the circulating 25OHD and 1,25OH2D is unbound to DBP (the free fraction) [16].

Serum calcium levels are tightly regulated by constant adjustment of PTH secretion,
given PTH’s short half-life of a few minutes [18]. Major inhibitory factors of PTH secretion
and production are a rise in: (1) serum calcium; (2) 1,25OH2D; and (3) FGF-23 [16]. For its
part, CYP27B1 is downregulated by 1,25OH2D itself (creating a feedback loop), as well
as a rise in calcemia or in FGF-23 [16]. Vitamin D metabolites are further metabolized via
hydroxylation by CYP24A1 (24-α-hydroxylase), a regulated process. The effect of CYP24A1
is enhanced by 1,25OH2D and FGF-23 and decreased by PTH [16]. CYP24A1 competes for
the substrate of CYP27B1 (25OHD) and also catabolizes 1,25OH2D [16].

3. Search Strategy
A comprehensive search strategy was used to identify relevant articles in multiple

electronic databases. PubMed and ClinicalTrials.gov were searched from inception to
02.09.2025. Embase, the Cochrane Library and Scopus were searched for publications from
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the last 10 years to increase our yield of the most recent literature. Various keywords and
Boolean-operator combinations were used to maximize yield. Language was limited to
English and/or French. Reviews and systematic reviews were screened for relevant articles
(snowball effect). We did not restrict inclusion to interventional data; we also included
observational studies and case reports/series to further maximize our yield. Keywords
and their derivatives included: “primary hyperparathyroidism”, “vitamin D deficiency”,
“vitamin D”, “hypercalcemia”, “nephrocalcinosis” and “nephrolithiasis”.

4. Physiopathology of VD in the Context of PHPT
Most patients with PHPT have a single parathyroid adenoma (85% of cases) [19].

Usually, these adenomas present a higher set-point of calcium sensing related to decreased
expression of CaSR and an increased mass of parathyroid tissue, maintaining PTH secretion
despite the presence of hypercalcemia. Given the increased level of PTH and its effect on
CYP27B1, 1,25OH2D levels are usually slightly elevated, whereas 25OHD levels may be
low. Thus, a clinical challenge arises: is the low level of 25OHD in PHPT an appropriate
homeostatic adaptation to high PTH and 1,25OH2D; or a real state of hypovitaminosis
D induced by excessive metabolism of 25OHD? The former hypothesis would suggest
no clinical consequence of a low 25OHD level, with surgical cure of PHPT restoring
the physiological 25OHD levels to normal; while the latter would suggest a combined
detrimental effect of VD and PHPT on many organs, including bone. To better resolve this,
let us report the relevant physiopathology of PHPT.

Although thresholds may vary, a recent consensus defined 25OHD serum level in
the general population of <30 nmol/L as deficient and levels between 30 to 50 nmol/L
as insufficient [20]. An extensive body of literature has studied free and total 25OHD in
PHPT. It has been shown that while DBP and total 25OHD are lower in patients with
PHPT compared to controls, free 25OHD levels are identical [21–26]. The mechanism by
which DBP is low in PHPT is not yet understood [27,28]. Thus, low total 25OHD in the
serum could be secondary to low DBP, while its free and bioactive fraction remains normal,
which resolves post-parathyroidectomy (PTX), supporting the hypothesis of an appropriate
adaptation [23,26]. Uncertainty remains regarding these measurements, for two studies did
not show any differences in 25OHD, whether free or total, even when accounting for DBP
polymorphisms [29,30]. Studies looking at 1,25OH2D in PHPT have shown an increased
level of 1,25OH2D, with an increased activation ratio (the ratio of 1,25OH2D to 25OHD),
when compared to controls [22,31,32]. This suggests that low 25OHD levels are indeed the
result of increased metabolism into 1,25OH2D. Two other studies have reported normal
levels of 1,25OH2D in PHPT [33,34].

Further supporting the claim that VD in PHPT is indeed a true form of hypovitaminosis
D is the study by Kabadi et al. conducted in 2020, in which, even after PTX, 25OHD
levels remained low in a subgroup of patients [32]. These patients had lower calcemia,
25OHD, and 1,25OH2D levels at baseline, with biochemistry profiles suggesting secondary
hyperparathyroidism post-PTX, which resolved after 25OHD supplementation [32]. From
this data emerges a relevant distinction: though it may be true that PTX can restore 25OHD
levels (as shown earlier), in some patients, there is VD concurrent with PHPT, which
remains post-PTX. Such VD can be explained by increased metabolism of 25OHD into
1,25OH2D, as previously shown, though it has also been shown that PHPT reduces the
serum half-life of 25OHD via increased elimination in feces by the liver [35]. Unfortunately,
neither the specific enzyme nor the metabolites involved were described in this study [35].
The role of CYP24A1 in such catabolism in still incompletely understood. A study on
24,25-dihydroxyvitamin D reported normal-low levels (near the lower end of the normal
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range) of this metabolite in PHPT, and the mechanism by which this occurs remains to be
fully elucidated [36].

Further research may yet help identify interactions with other hormones. Levels
of FGF-23 are increased in PHPT compared to normal patients [37–39]. This has been
suggested to be an adaptative mechanism to counteract the PTH-mediated increase in
1,25OH2D; however, conflicting data have been reported [38–40]. Furthermore, PTX does
not seem to lower FGF-23 levels, though this is debated [37–40]. The impact of FGF-23 in
PHPT is still actively being investigated.

In conclusion, in addition to classical risk factors for hypovitaminosis D, the higher
prevalence of VD in PHPT compared to healthy controls may be explained by higher
hydroxylation of 25OHD into 1,25OH2D with an increased activation ratio, increased
catabolism, and potentially less DBP. When combined, in the absence of a sufficient vitamin
D dietary intake or sunlight exposure to replete whole-body stores, these phenomena will
result in VD [41].

5. Benefits and Safety of VD Treatment in PHPT Regarding Serum and
Urinary Calcium

Having outlined the relevant pathophysiology in PHPT, one must now assess whether
vitamin D supplementation in the context of PHPT is harmful and/or beneficial. The
modern trend regarding physician awareness of VD and more liberal supplementation has
also been noticed in PHPT. When comparing vitamin D supplementation in PHPT in the
same hospital over time, the percentage of patients receiving any dose of supplemental
vitamin D was found to have shifted from 0% in 1984–1991 to 64% in 2010–2014 [42]. The
median dose in this study was 800 international units (IU) per day, which reduced the
number of patients with VD from 46% to 19%. Neither calcemia nor 24-h urinary calcium
levels were different between the two cohorts [42].

There have been 14 observational studies, four published randomized controlled
trials (RCTs), one withdrawn RCT, one non-completed RCT, and four systematic reviews
with meta-analyses to date on this subject [29,43–65]. All four meta-analyses had different
inclusion criteria and strategies, and all four concluded that VD correction in PHPT is
safe. It must be noted that only one was registered on PROSPERO and none specifically
used the PRISMA guidelines [66,67]. Of the published RCTs, one investigated the effect
of 24,25-dihydroxyvitamin D, and another investigated the effect of activated vitamin D
in PHPT, neither of which will be further discussed in this review [61,63]. The withdrawn
and non-completed RCTs will not be analyzed either [64,65].

The meta-analysis conducted by Ye et al. in 2022 was limited to RCTs and included
only two studies on vitamin D vs. placebo [43]. One of these studies was conducted in a
non-VD population and randomized patients to active vitamin D (1α-hydroxyvitamin D3)
or placebo to assess whether this molecule could be of use in the medical management of
PHPT [62]. The other study, by Rolighed et al., which is more relevant to our question, is
the only RCT evaluating VD correction in PHPT with supplemental vitamin D [47]. They
randomized 46 patients with PHPT and VD, defined as <80 nmol/L, to either 2800 IU
of daily D3 or placebo for 1 year, with PTX done at 6 months (mid-study) [47]. The
patients had to be at least 18 years old and eligible for PTX to be included. Multiple
exclusion criteria were imposed, such as ionized serum calcium at entry >1.6 mmol/L,
serum creatinine >120 µmol/L, pregnancy, use of cinacalcet or alfacalcidiol, and many more.
The most frequent surgical criterion for patients was prevalent osteoporosis (n = 20/46).
Calcemia under vitamin D supplementation did not significantly change in either group
before PTX, from a mean baseline of 1.40 mmol/L (95% CI [confidence interval] 1.37; 1.43)
in the intervention group and 1.41 mmol/L in the placebo group (95% CI 1.38; 1.44) [47].
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Supplemental vitamin D was able to raise 25OHD from 50.2 nmol/L to 94.2 nmol/L at week
25 in the intervention group. This had a non-significant effect on 24-h calciuria according
to the authors. Baseline 24-h calciuria was 9.7 mmol/d (95% CI 7.4; 11.9) and 9.2 (95%
CI 7.2; 11.1) mmol/d in the intervention group and the placebo group, respectively [47].
No induced hypercalcemia requiring exclusion from the study happened (as pre-specified
in the safety measures of the protocol), with the highest ionized calcemia reached at
1.65 mmol/L. Two follow-up studies with respect to the main one were completed [68,69].
No additional effects of supplemental vitamin D were found regarding well-being, quality
of life, multiple muscular indices, or health-related quality of life [68,69].

The three remaining meta-analyses included non-randomized studies as well as RCTs.
None have the same inclusion criteria, nor have the most recent ones reused the same
search strategies as the previous ones. Thus, some of the older studies on VD correction in
PHPT have been excluded from the most recent meta-analysis [45]. The earliest of these,
published in 2014 by Shah et al., had a restrictive search strategy with few keywords, though
they allowed multiple formulations of vitamin D supplements and included international
meeting abstracts [46]. Thus, two of the included studies were not peer-reviewed works
at the time, although they were later published in 2014 and 2018, and accounted for
12.5–30.1% of the weight of the total population [46,58,60]. Here, VD was defined as
25OHD < 50 nmol/L. Overall, the meta-analysis by Shah et al. showed that VD correction
in PHPT was efficacious with respect to repleting 25OHD stores, while calcemia did not
increase during the study period.

The second meta-analysis, conducted by Loh et al. in 2019, again used a language-
restricted search strategy, with few keywords, and was limited to native vitamin D or D3
(although they did include studies that used D2) [44]. There was no clear definition of VD.
A striking feature is that it did not include the only RCT published on VD and PHPT, which
was published in its inclusion period [47]. Again, it showed the effectiveness of repleting
VD and the innocuity regarding calcemia.

The latest meta-analysis was conducted by Song et al. in 2021 [45]. Its search strategy
was rigorous, and it included trials regardless of the vitamin D formulation used. Vitamin
D deficiency was defined as 25OHD levels <75 nmol/L. It included 11 of the 13 available
observational studies available at the time [55,60]. They also identified two RCTs but
could not perform a meta-analysis on these, for some data could not be retrieved [47,61].
Furthermore, one of the RCTs evaluated the effect of 24,25-dihydroxyvitamin D in the
medical management of PHPT, which is a completely different aspect [61]. The meta-
analysis by Song et al. concluded that vitamin D supplementation in PHPT is efficacious
and safe. Supplemental vitamin D was able to raise total 25OHD levels by 55.2 nmol/L
(95% CI 37.5; 72.9), with considerable heterogeneity (p < 0.00001, I2 = 98%) [45,70]. The mean
difference in calcemia with supplemental vitamin D was −0.01mmol/L (95% CI −0.04; 0.01)
with substantial heterogeneity (p = 0.03, I2 = 51%) [70]. Meanwhile, the mean difference
in PTH levels was −1.70 pmol/L (95% CI −3.05; −0.34) with substantial heterogeneity
(p = 0.0003, I2 = 69%) [45,70]. They could only evaluate two studies reporting on calci-
uria and its change under VD repletion [52,54]. When pooled, no significant change in
24-h urine calcium was found, though the confidence interval was wide. The estimated
change was 0.912 mmol/day (95% CI −0.93; 2.76) with substantial heterogeneity (p = 0.12,
I2 = 58%) [45,70]. Unfortunately, they did not analyze the data from the study by Grey et al.
in this calculation, which was included in the systematic review [50]. Furthermore, they
only focused on calciuria and did not include safety data regarding urolithiasis reported in
the different studies [56–59].

Of the 14 observational studies identified in this review, one cohort trial was not
included in any of the meta-analyses [29]. It was mainly a biochemical study looking at
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DBP and free versus total vitamin D levels between PHPT patients and healthy controls [29].
In the PHPT arm, 56 patients received 14,000 IU of vitamin D3, weekly, for 12 weeks. The
authors showed the innocuity of vitamin D, with a non-significant decline in calcemia from
2.82 ± 0.22 mmol/L to 2.79 ± 0.22 mmol/L (p = 0.10) at 12 weeks, with no reported adverse
effects [29].

In conclusion, the available studies demonstrate that replenishing vitamin D levels
in PHPT is efficacious in correcting VD and is safe regarding calcemia, with a tendency
to lower it. This data applies to mild PHPT, with most studies excluding patients with
calcemia >2.9–3.0 mmol/L.

6. Impact of VD and Its Repletion on Bone Health in PHPT
A relationship between VD, the severity of PHPT, and osteoporosis has been hinted

at by many for decades. Already in 1987, Patron was publishing data about overt
bone disease with low vitamin D and higher PTH levels [71]. More recent data has
linked higher 1,25OH2D in PHPT to lower BMD, a sign of a more active disease [31,72].
A protective effect of higher 25OHD levels on lumbar BMD has been suggested by some,
yet this is still debated [34,73–75]. Additional unstudied or unknown factors remain,
such as vitamin D receptor genotype [72,76]. This matter is further complicated by
observational studies reporting no differences in BMD or osteoporotic fractures when
stratifying PHPT patients by vitamin D levels [14,72,77,78]. Two studies even suggest
that, although BMD does not correlate with 25OHD levels, trabecular bone score (TBS
[an index of bone microarchitecture]) may be a better index to assess bone health and
microarchitecture in PHPT [79,80].

Bone histomorphometric analysis in PHPT and VD may explain the impacts of
VD on bone structure. In one study comparing groups with levels of 25OHD of
30 nmol/L ± 7.5 vs. 80 nmol/L ± 27.5, patients in the former group had an increased
extent of osteoid surface (OS/BS) of 31% ± 10 vs. 21% ± 7 (p < 0.03) when compared
with the latter group [34]. The percentage of bone surface with tetracycline labels (miner-
alizing surface [MS/BS]) was also greater in the former group, at 30% ± 11, vs. the latter
group, at 14% ± 9 (p = 0.05) [34]. In another study, 25OHD levels < 20 nmol/L, when
compared to >20 nmol/L, were correlated with lower cortical width (Ct.Wi), increased
cancellous bone volume (BV/TV), increased trabecular number (Tb.N) and lower trabec-
ular separation (Tb.Sp) [81]. In both studies, low levels of 25OHD were correlated with
higher PTH levels. Altogether, these histomorphometric data suggest that VD in PHPT
induces increased bone remodeling due to higher levels of PTH rather than a VD profile
(i.e., osteomalacia). This latest disease can coexist with a PHPT bone disease profile
(i.e., osteitis fibrosa) but remains quite rare [82,83]. This also suggests that PTH, in the
context of VD and PHPT, has an anabolic effect on trabecular bone (lumbar spine) and
a catabolic effect on cortical bone (radius and total hip) [81]. However, one study did
not replicate these observations, though it included few patients with VD [84]. This last
group was notably younger, heavier, and more likely to be male: all of which could have
confounded the results of the study.

To further assess the impact of VD on bone health in PHPT, let us examine the data
when repleting VD in PHPT. Of the 15 aforementioned original studies on VD repletion in
PHPT (14 observational studies and one RCT), only four report data on BMD [47,49,50,55].
Unfortunately, direct comparison of BMD results between the studies is impossible, for
different dual-energy X-ray absorptiometry (DXA) scans with different coefficients of
variation were used. To account for this, one could use T-score variation after VD repletion
to compare results across studies, but only two studies report such data [49,55]. Only
one study specifically reports on the absence of new clinical fractures at 17 ± 3 months
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under vitamin D repletion, though there was no systematic surveillance with imaging [56].
Notably, 15 out of the 28 patients (54%) in this study were also prevalent bisphosphonate
users. Table 1 summarizes the data.

Table 1. Summary of the data on vitamin D’s effects on BMD from the available studies a.

Study
Vitamin D

Posology and
Duration of

Therapy

BMD Assessment
(DXA) Parameter Lumbar Spine Femoral Neck Total Hip

Proximal 1/3
of Distal
Forearm

Kantorovich
et al. [49]

N = 5

D2
50,000 IU twice

weekly
5 weeks

Lunar
T0 and

13 ± 8 months

BMD
0.965 ± 0.237

→
1.029 ± 0.274 b

0.618 ± 0.101
→

0.663 ± 0.061 b
N/A N/A

T-score
−1.35 ± 0.79

→
−0.72 ± 0.86

−2.96 ± 0.38
→

−2.47 ± 0.2
N/A N/A

Grey
et al. [50]

N = 21

D3
50,000 IU

weekly × 4 weeks
then monthly

12 months

Lunar
T0 and 12 months BMD

1.02 ± 0.16
→

1.02 ± 0.05

0.78 ± 0.18
→

0.79 ± 0.07
N/A N/A

Velayoudom-
Cephise

et al. [55]
N = 22

D2
800–1200 IU daily

3–6 months

Unknown
T0 and 6 months T-score N/A

−2.23 ± 0.49
→

−1.75 ± 0.86
N/A N/A

Rolighed
et al. [47]

N = 40

D3
2800 IU daily

6 months
Hologic

T0 and week 25

BMD
0.89 (0.84–0.94)

→
0.90 (0.85–0.95) c

0.67 (0.62–0.72)
→

0.67 (0.63–0.72)

0.80
(0.75–0.86)

→
0.81

(0.75–0.86)

0.59
(0.53–0.65)

→
0.58

(0.53–0.64)

Placebo
6 months BMD

0.93 (0.86–1.01)
→

0.92 (0.85–0.99) b,c

0.75 (0.69–0.82)
→

0.75 (0.68–0.81)

0.89
(0.81–0.96)

→
0.89

(0.82–0.97)

0.59
(0.52–0.66)

→
0.58

(0.52–0.65)
a BMD is reported as g/cm2. Values are presented as means with their standard deviations or ranges. N/A = not
applicable (some studies have not reported data on all BMD sites). IU = international units. b denotes a change
above the least-significant change. c denotes a statistically significant change between the placebo and vitamin D
groups (p < 0.05).

Three studies report data on the lumbar spine. The study by Kantorovich et al.
reported a significant improvement of 6.3% mean annual gain in BMD when comparing
BMD at 13 ± 8 months [49]. It must be noted that VD repletion was accomplished within a
short period of time (5 weeks) at the start of the trial, and no further vitamin D was given
to the patients. The other two reported no change or a non-significant improvement in
BMD [47,50]. In the RCT conducted by Rolighed et al., it must be noted that while the
1.0% gain (95% CI −0.5; 2.5) in lumbar spine BMD was not significant in the group under
vitamin D at 6 months, there was a statistically (p < 0.05) and clinically significant difference
between these patients and the placebo group, in which there was a −1.5% decrease
(95% CI −2.7; −0.2) [47].

Only one study reports on total hip BMD [47]. At six months, there was a non-
significant gain of 0.2% (95% CI −0.9; 1.3) in total hip BMD [47]. This result is non-
statistically different from the placebo group, however, for the latter had a significant gain
of 0.7% (95% CI −0.8; 2.1) at 6 months [47].

Femoral neck BMD is subject to much more technical variation and should there-
fore be compared with caution [85]. However, this is the site with the most data. The
study by Kantorovich et al. is the only one to report a significant improvement in BMD
of 8.2% mean annual gain when comparing BMD at 13 ± 8 months [49]. The study by
Velayoudom-Cephise et al. only reported on T-scores [55]. After six months of vitamin D re-
pletion, a statistically significant improvement in the mean T-score at the femoral neck from
−2.23 ± 0.49 to −1.75 ± 0.86 (p = 0.001) was observed [55]. Two other studies reported
stable BMD [47,50].
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One last area of interest in regard to PHPT is the distal forearm, specifically the
proximal 1/3, for it is a site rich in cortical bone [3]. The study by Rolighed et al. is the only
one to report such data, with non-significant changes in both groups at six months [47].

In conclusion, VD, in the setting of PHPT, seems to be linked to a greater effect of PTH
on bone metabolism rather than a primary VD profile bone histomorphometry. Repleting
VD has no deleterious effect on BMD and may have a protective effect on lumbar BMD at
six months.

7. Analysis of the Available Data with an Emphasis on Bone Health
To properly analyze the 15 original studies done on VD repletion in PHPT, one must

keep in mind that there is no unique definition of either VD or insufficiency among the
studies. Up to seven of them do not clearly define a threshold for VD: three of these
are biochemical studies, and another three study derivatives of vitamin D as a potential
treatment for PHPT [29,48,49,54,61–63]. Most of the studies (six) define VD as <50 nmol/L,
although three define it as <75 nmol/L, with the rest using varying thresholds. It must be
noted that thresholds regarding VD are highly debated in the literature, and most papers
do not specifically address the issue if a different threshold in PHPT exists. A complete
rundown of this debate is beyond the scope of this review but let us remind the reader of
the two major theories.

Arguing for >50 nmol/L as adequate for bone health are two major organiza-
tions claiming that most cases of nutritional rickets happen with a serum 25OHD level
<34 nmol/L [20,41]. As 25OHD rises, PTH reaches a plateau at around 50 nmol/L of
25 OHD [86–88]. Furthermore, most of the population may experience a beneficial effect
of reaching 50 nmol/L [41]. These last statements are highly controversial for experts
arguing for >75 nmol/L, for other studies demonstrate that PTH reaches a plateau at
70–80 nmol/L [89–91]. Fracture prevention data from meta-analyses on vitamin D sup-
plementation only suggest a reduction in hip fractures at >60 nmol/L, with most trials
reaching around 75 nmol/L, and some even reporting fracture reduction at 100 nmol/L
of 25OHD [92,93]. However, it must be noted that none of the meta-analyses on frac-
ture risk reduction with vitamin D included patients with PHPT. Only one of the studies
on VD repletion in PHPT included data on the absence of fractures at 17 ± 3 months
with vitamin D supplementation (with a 25OHD increase from 32.2 ± 1.7 nmol/L to
136.4 ± 11.6 nmol/L) [56]. Therefore, one must be cautious when extrapolating fracture
prevention data with vitamin D supplementation from the general osteoporosis population
and applying it to PHPT. Unfortunately, no studies have looked at the impact of VD reple-
tion on bone histomorphometry in PHPT. Histomorphometric cross-sectional studies have
demonstrated a more aggressive bone disease related to PHPT rather than a VD profile
(i.e., osteomalacia) in patients with PHPT and VD when compared to PHPT alone [34,81].
Thus, treating PHPT should be the main focus to limit its impact on bone health, and
meta-analyses do not show a meaningful impact of vitamin D on PTH levels in PHPT [45].
One interesting avenue for improving BMD would be PTX, if patients meet the criteria, for
BMD gains are indeed prevalent. Supplemental 25OHD in the perioperative period does
not improve BMD gains further [94]. The only data supporting vitamin D supplementation
in PHPT regarding bone health relate to the protective effect of vitamin D on lumbar
BMD [47,49]. While the well-designed study by Rolighed et al. did not show a significant
gain in lumbar BMD, it did show a statistically and clinically significant protective effect
versus placebo against BMD loss [47]. The data regarding the femoral neck is promising
yet of greater heterogeneity and therefore cannot be as easily relied upon.

To better apply this debate to PHPT, one must also consider safety issues with regard
to vitamin D supplementation, such as induced or increased hypercalcemia and hypercal-
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ciuria in patients already dealing with these issues at baseline. In the 15 original studies
reported in this review, out of 531 patients, only six significant hypercalcemic events were
recorded [52,53,57]. Of the ten studies reporting on calciuria, seven report on data after VD
repletion [47,49–52,54–57,60]. When combined, out of 246 patients, 20 instances of incident
hypercalciuria happened (which were not always well defined), with no incident urolithi-
asis [50,52,60]. Of the studies that did not report on calciuria, only two mentioned the
absence of incident urolithiasis [58,59]. A recently published review specifically addressing
the risk of urolithiasis with vitamin D supplementation in PHPT has revealed more insights
into this complicated relationship [95]. While vitamin D supplementation may increase the
risk of urolithiasis, VD may too [95]. Other lithogenic factors related to individual patient
characteristics are also involved. The absence of systematic renal imaging and thorough
pre/post-intervention assessments in the included studies limited their ability to draw a
conclusion [95]. From the available studies, the risk of urolithiasis or hypercalciuria does
not seem to be greatly increased in the short term.

Furthermore, some studies loosely established the definition of PHPT in their re-
spective cohorts, and about half did not report on calciuria. Thus, familial hypocalciuric
hypercalcemia (FHH) cannot be excluded. The reader should note that although calciuria
has traditionally been used as a marker to differentiate PHPT from FHH, it must be noted
that this index may be skewed in profound VD (i.e., under 25 nmol/L), with a lower
fractional excretion of calcium being reported, falsely leading to an inappropriate diagnosis
of FHH [96].

While most studies used different inclusion criteria, most were limited to non-surgical
patients, with mild or asymptomatic PHPT. Mild PHPT was usually defined as non-severe
hypercalcemia (<2.9–3.0 mmol/L), with calciuria <10 mmol/d when it was measured.
Notable exceptions were studies in which PTX was part of the protocol, though it must
be noted that PTX was performed only after a very short time window [47,51]. Exclusion
criteria were plentiful, from CKD to comorbidities affecting calcium metabolism such as
sarcoidosis, again limiting the external validity of the results from these studies to real-life
patients. Some even excluded patients after an adverse event occurred, thereby adding
some nuance to the safety of vitamin D supplementation in PHPT regarding calcemia.

Finally, this review cannot claim to apply to normocalcemic PHPT, for only two studies
included these patients, with very few patients overall [49,59]. Also, it has not addressed
the issue of preventing hungry-bone syndrome post-PTX with preoperative vitamin D,
though the latest systematic review on this matter does not support its use [97]. A more
recent RCT addressing this topic has also failed to demonstrate any impact of repleting
25OHD levels pre-PTX, even when aiming for >75 nmol/L [98].

8. Concluding Thoughts
A clear and evidence-based threshold for vitamin D in PHPT has not yet been es-

tablished. Recent guidelines have acknowledged that although a definitive threshold
cannot be established, based on available data, it seems prudent to recommend levels of
25OHD >75 nmol/L, but this is purely based on expert opinion [3]. Others, with a more
cautious approach, argue for a threshold between 50 to 75 nmol/L [99,100]. A detailed
report published alongside the 2022 guidelines acknowledges that repletion with vitamin
D, while safe, should be applied cautiously to prevent worsening of serum and urinary
calcium [101]. Of the 15 original studies on vitamin D repletion and PHPT, most of them
ended up achieving a target serum 25OHD between 75 and 100 nmol/L. The majority of
these studies used daily doses of vitamin D supplementation ranging between 1000 and
2800 IU for one to six months (excluding outliers, for some protocols were quite aggressive,
with doses of vitamin D of up to 50,000 IU twice weekly) [49]. As discussed earlier, this re-
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sulted in very few adverse events. Thus, in well-selected patients with mild asymptomatic
PHPT and VD, a careful clinician could safely carry out supplementation, with the goal of
reaching >75 nmol/L, knowing that very few adverse events would occur, and a protective
effect on lumbar BMD could be expected. A well-designed RCT specifically addressing
the topic of 25OHD repletion with different targets and different protocols would greatly
improve the scientific literature on this topic.
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