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Abstract

Background: An impaired vitamin D status may present with an 
aggressive phenotype of primary hyperparathyroidism (PHPT). We 
evaluated the impact of 25-hydroxyvitamin D (25(OH)D3) levels on 
pre-operative ultrasound findings and outcomes following parathy-
roidectomy.

Methods: Retrospective analysis of 81 patients who had parathyroid-
ectomy for PHPT from January 2008 to October 2016. Patients were 
grouped according to their 25(OH)D3 levels (deficient (< 30 nmol/L), 
insufficient (≥ 30 and < 50 nmol/L), sufficient (≥ 50 nmol/L)). All 
patients had preoperative ultrasound scans (USS) and their pre-and 
post-operative biochemistry results and pathology reports were ob-
tained from the hospital portal system.

Results: Preoperatively, there was no statistically significant differ-
ence in parathyroid hormone (PTH) (P = 0.19) and adjusted calcium (P 
= 0.91) levels in different vitamin D subgroups. Parathyroidectomy led 
to significant improvement of PTH, adjusted calcium, phosphate, alka-
line phosphatase and creatinine levels (P < 0.00001). USS did not show 
any significant difference in localizing single gland disease (SGD) in 
vitamin D subgroups (sensitivity 57.1%, 62.5% and 55.8% in defi-
cient, insufficient and sufficient groups respectively) and the chances 
of finding a negative scan was similar in all groups (about 44.5%). 
USS could not detect any multiple gland disease (MGD). Inferiorly 
located glands were more involved especially when 25(OH)D3 levels 
were in the deficient or insufficient range. Postoperatively, patients had 
higher adenoma weight in vitamin D deficient and insufficient groups 
(1.42 ± 1.35 g and 1.11 ± 1.39 g) compared to sufficient group (0.58 
± 0.48 g) for SGD and trend was identical for the combined weight of 
glands in MGD (1.81 ± 2.79 g; 0.93 ± 0.58 g and 0.59 ± 0.33 g respec-

tively). Regression analysis showed an inverse association of 25(OH)
D3 level with adenoma weight for SGD (r = -0.006; P = 0.008) but not 
when multiple glands were resected (r = -0.0007; P = 0.54).

Conclusions: Vitamin D does not influence biochemical severity of 
disease in PHPT. USS is a reliable tool for localization in SGD but 
ineffective for MGD and the sensitivity and specificity of scan re-
sults are not affected by vitamin D levels. Hypovitaminosis D leads 
to higher adenoma weight and an inverse relationship exists between 
the two for SGD.
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Introduction

Vitamin D and parathormone (PTH) are two key regulators of 
calcium homeostasis and the interrelationship between these 
two hormones in patients with primary hyperparathyroidism 
(PHPT) has received considerable attention in the last 10 - 
15 years. Low levels of vitamin D often overlap with PHPT 
and several studies have reported this association largely in 
the elderly patients [1-3]. Some observations suggest that in 
PHPT the conversion of 25-hydroxyvitamin D (25(OH)D3) to 
24-hydroxylated component is increased thereby increasing 
the prevalence of vitamin D deficiency [4, 5] but other factors 
may also contribute to the co-existence of both these condi-
tions [6]. It is not known whether vitamin D deficiency could 
trigger PHPT but suboptimal vitamin D status (insufficiency 
or deficiency) has been linked to more aggressive phenotype 
of PHPT with higher levels of PTH [7]. In addition, it may 
also lead to more pronounced parathyroid gland proliferation 
resulting in larger adenomas [8, 9] and higher markers of bone 
turnover with greater frequency of fractures [6].

Minimally invasive focussed parathyroid surgery is wide-
ly practised nowadays for PHPT and pre-operative parathyroid 
imaging have facilitated a paradigm shift in managing such 
patients. Imaging has limited ability to differentiate between 
etiologies of parathyroid pathology, but it facilitates improved 
localization, differentiates between single adenoma with mul-
tiple gland disease (MGD) leading to reduced operating time 
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and maximizes operative cure. Amongst all available non-in-
vasive techniques, ultrasonography and nuclear scintigraphy 
are the most commonly used modalities. Several studies have 
explored the correlation of pre-operative vitamin D status with 
predictive accuracy for localization and post-operative adeno-
ma weight and biochemical parameters using the technetium 
(99 mTc) sestamibi scan in PHPT but the evidence of similar 
correlations using the ultrasound scan (USS) is very scarce and 
conflicting [10-14].

USS is inexpensive and widely available and has a sensitiv-
ity of 76-79% in identifying single adenoma’s which drops to 
35% in patients with MGD [15, 16]. It can also make a correct 
prediction of laterality of single adenomas in 74% of patients 
with exact quadrant identification in 72% patients [17]. Few au-
thors have published results of parathyroid localization utilizing 
USS in patients with PHPT with or without vitamin D deficien-
cy but information on whether pre-operative vitamin D status 
influence anatomical characterization of these glands when 
visualized by USS is lacking. In this study we aimed to explore 
the role of vitamin D on USS findings done pre-operatively in 
patients with PHPT and investigated whether such findings have 
any relationship with post-operative biochemical parameters, 
parathyroid adenoma weight and histological outcomes.

Materials and Methods

Patients

This is a retrospective analysis of all patients who had a par-
athyroidectomy for PHPT in our centre from January 2008 till 
October 2016. The information was obtained from the com-
puterized hospital medical records system utilizing appropriate 
coding for “primary hyperparathyroidism” and “parathyroid-
ectomy”. We initially obtained data for 98 patients, but four pa-
tients were excluded due to wrong coding as they had parathy-

roidectomy for other indications. We also excluded patients 
who had insufficient or incomplete pre-or post-operative data 
(n = 13). Finally, 81 patients were enrolled for this study. The 
study was registered with the research and development divi-
sion of Cwm Taf University health board (registration no: CT 
813/17). We did not obtain any informed consent from patients 
for this study as we only accessed their data retrospectively 
from the hospital data base ensuring appropriate anonymity.

Biochemical measurements

Serum levels of total calcium, PTH (ref range: 1.6 - 6.9 
pmol/L), phosphate (ref range: 0.8 - 1.5 mmol/L), alkaline 
phosphatase (ref range: 30 - 130 U/L) and creatinine (ref range: 
46 - 92 µmol/L) were all analysed on Roche Modular P analys-
ers (Roche, Burges Hill, UK). The adjusted calcium levels (ref 
range: 2.2 - 2.6 mmol/L) was calculated by an in house derived 
equation applied to the calcium to correct it to account for al-
bumin concentration. The eGFR (ref range: > 90 ml/min/1.73 
m2) was calculated using IDMS aligned MDRD equation: 
175 × (((serum creatinine - 3.08)/1.004) × 0.011312)-1.154 × 
Age-0.203 × (0.742 if female). Serum TSH (ref range: 0.27 - 4.2 
mU/L) and FT4 (ref range: 11 - 25 pmol/L) were determined 
by electro chemiluminescence on Roche Modular E analysers 
(Roche, Burges Hill, UK). 25(OH)D3 levels were performed 
by the Chromsystems MassChrom method (Munich, Germa-
ny) on an Agilent 6410 LC: MSMS (Cheadle, UK). USS was 
performed in the hospital radiology department using Phillips 
Medical systems IU22 and Epiq 5 (from May 2016 onwards 
only) machines. Post-operative information regarding mac-
roscopic weight of parathyroid glands and histological find-
ings were obtained from the pathology section of the hospital 
data reporting system (Welsh clinical portal). Patients were 
categorised into groups according to their 25(OH)D3 levels 
as vitamin D deficient (25(OH)D3 < 30 nmol/l); insufficient 
(25(OH)D3 ≥ 30 and < 50 nmol/L) and sufficient (25(OH)D3 

Table 1.  Patient Demographics and Biochemical Parameters Before and After Parathyroidectomy

Variable Pre-operative Post-operative P value
Age (years) 64.2 ± 11.7 -
Sex (M/F) 16/65 -
Duration of stay (days) 4.3 ± 2.9 -
Parathormone (pmol/L) 15.2 ± 10.9 5.6 ± 2.4 < 0.00001
Calcium (mmol/L) 2.8 ± 0.2 2.3 ± 0.2 < 0.00001
Adjusted calcium (mmol/L) 2.9 ± 0.2 2.4 ± 0.1 < 0.00001
Phosphate (mmol/L) 0.8 ± 0.2 1.1 ± 0.2 < 0.00001
Alkaline phosphatase (U/L) 105.9 ± 42.8 88.3 ± 29.5 < 0.00001
Creatinine (µmol/L) 74.2 ± 21.9 76.6 ± 24.3 0.01
eGFR (mL/min/1.73 m2) 75.4 ± 13.4 76.2 ± 14.6 0.24
TSH (mU/L) 1.8 ± 1.1 -
FT4 (pmol/L) 15.3 ± 2.6 -
Vitamin D (nmol/L) 36.9 ± 19.7 -

All data expressed as mean ± standard deviation.
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≥ 50 nmol/L).

Statistical analysis

All data are expressed as mean ± standard deviation (SD) and 
paired t test were used to compare the groups and one-way 
ANOVA to compare more than two groups. Logistic regression 
analysis was performed with 25(OH)D3 levels as a depend-
ent variable and compared with weight of parathyroid gland 
in SGD and combined weight of glands in MGD. A P value of 
< 0.05 was regarded as statistically significant. All statistical 
analysis was performed using the statistical package SPSS for 
Windows (version 16.0, SPSS Inc, Chicago, IL, USA).

Results

Table 1 shows the baseline demographic and biochemical 
characteristics of patients at baseline and following parathy-
roidectomy (within 3 - 6 months). There was a female pre-
dominance (80.2%; n = 65/81) and majority of patients were 
elderly. Following surgery there was statistically significant 
lowering of mean levels of PTH, adjusted calcium and alka-
line phosphatise (ALP) with improvement in phosphate and 
creatinine levels. Individually 78/81 (96.3%) patients achieved 
normocalcemia (adjusted calcium < 2.6 mmol/L) and 85.2% 

(69/81) patients had complete normalization of PTH levels. 
The average length of stay was about 4 days and the mean 
25(OH)D3 level for the whole group demonstrated a high pro-
portion of hypovitaminosis D.

Table 2 demonstrates the USS findings are per 25(OH)
D3 status. We observed that the likelihood of finding multiple 
gland involvement in PHPT by USS is negligible irrespective 
of vitamin D status and therefore, it may not be the best im-
aging modality for exclusion of MGD. Our data also shows 
that the chances of finding a negative scan (with no glandular 
enlargement) in different vitamin D subgroups were identical 
(about 44.5%). Interestingly, we also found that by USS crite-
ria, the superiorly located glands (left and right) are minimally 
involved in PHPT but the left inferior gland is more involved 
when patients have hypovitaminosis D (deficient or insuf-
ficient) whereas the right inferior gland is more commonly 
enlarged when patients have their 25(OH)D3 levels in the suf-
ficient range.

The overall sensitivity of the USS for parathyroid adeno-
ma localization was 58.4% with a specificity of 100%. The 
sensitivity, specificity and positive predictive value of USS 
scans for adenoma localization was not significantly different 
in patients in low vitamin D group (insufficient and deficient) 
from the patients with normal vitamin D levels. The low nega-
tive predictive value in all categories indicates that USS may 
not the best modality for complete exclusion of adenomatous 
disease in PHPT when scans are negative (Table 3).

Table 2.  Characteristics of Gland Involvement by Ultrasonography as per Vitamin D Status

Vitamin D status (nmol/L) < 30 (deficient), n = 36 ≥ 30 and < 50 (insufficient), n = 27 ≥ 50 (sufficient), n = 18
Single gland disease (SGD)
  Right superior gland 1 (2.8%) 1 (3.7%) 1 (5.5%)
  Left superior gland 0 (0.0%) 2 (7.4%) 0 (0.0%)
  Right inferior gland 7 (19.4%) 4 (14.8%) 8 (44.5%)
  Left inferior gland 12 (33.4%) 8 (29.6%) 1 (5.5%)
  No gland involvement 16 (44.4%) 12 (44.5%) 8 (44.5%)
Multiple gland disease (MGD) 0 0 0

Table 3.  Relationship Between Ultrasound Findings and Histology as per Vitamin D Status

Diagnosis test
Histology

Sensitivity Specificity PPV NPV
Positive Negative

All patients USS Positive 45 (55.5) 0 (0) 58.4% 100% 100% 11.1%
Negative 32 (39.5) 4 (5.0)

Vitamin D
  Deficient USS Positive 20 (55.5) 0 (0) 57.1% 100% 100% 6.2%

Negative 15 (41.7) 1 (2.8)
  Insufficient USS Positive 15 (55.5) 0 (0) 62.5% 100% 100% 25.0%

Negative 9 (33.3) 3 (11.2)
  Sufficient USS Positive 10 (55.5) 0 (0) 55.8% 100% 100% 12.5%

Negative 7 (38.9) 1 (5.6)

All value in brackets are expressed as percentages.
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Table 4 shows that majority of our patients had single 
gland disease (n = 55) irrespective of vitamin D status but 
the chances of MGD and their removal were higher when pa-
tients had deficient (n = 15) or insufficient levels (n = 9) of 
vitamin D in comparison to patients whose vitamin D levels 
were optimal (n = 2). The weight of the glands in SGD and 
the combined weight of glands in MGD were higher in vita-
min D deficient and insufficient patients when compared to 
the sufficient group but the difference across groups was not 
statistically significant. In both SGD and MGD the histology 
of majority of patients was suggestive of a benign adenoma in 
all vitamin D subgroups but chief cell adenomatous changes 
were principally encountered in the vitamin D deficient group 
and hyperplastic changes were noted mainly in patients with 
vitamin D insufficiency.

We also performed a regression analysis with vitamin D 
as the dependent variable and established that an inverse cor-
relation exists between 25(OH)D3 levels and the weight of a 
resected gland in SGD (r = -0.006; P = 0.008) (Fig. 1a) and 
such inverse relationship existed even after adjustment for age 
and sex (r = -0.009; P = 0.004). A similar relationship could not 
be established between 25(OH)D3 levels and the combined 

weight of resected glands in MGD (r = -0.0007; P = 0.54) (Fig. 
1b).

Discussion

PHPT remains a surgical disease and parathyroidectomy is 
beneficial in achieving normocalcemia and normal PTH levels 
along with improvement in other biochemical indices. The tra-
ditional approach for PHPT has been a four-gland exploration 
to define the extent of disease which needed less emphasis on 
preoperative imaging. In recent years, minimally invasive sur-
gery has been more popular due to its smaller extent, shorter 
duration and lower rates of complication. This approach re-
quires accurate pre-operative localization to direct surgery to 
the correct site. Parathyroid ultrasonography (US) and scin-
tigraphy (SG) are the main methods used for this purpose and 
forms an integral part of most diagnostic algorithm. Although 
the complimentary role of US and SG has been reported in the 
literature [18] but none of them should be regarded as diag-
nostic as heterogeneous definitions are often used to evaluate 
effectiveness and in most cases of “negative” imaging, an ex-

Table 4.  Post Parathyroidectomy Findings According to Vitamin D Status

Vitamin D status (nmol/L) < 30 (deficient), n = 36 ≥ 30 and < 50 (insufficient), n = 27 ≥ 50 (sufficient), n = 18 P value
Single gland removed 21 18 16
  Weight of gland (g) 1.42 ± 1.35 1.11 ± 1.39 0.58 ± 0.48 0.10
  Histology
  Benign adenoma 15 (71.4%) 14 (77.8%) 14 (87.5%)
  Chief cell adenoma 6 (28.6%) 1 (5.5%) 0 (0%)
  Others (normal, hyperplasia) 0 (0%) 3 (16.7%) 2 (12.5%)
Multiple gland removed 15 9 2
  Combined weight of glands (g) 1.81 ± 2.79 0.93 ± 0.58 0.59 ± 0.33 0.55
  Mean number of gland excised 2.46 ± 1.00 2.55 ± 1.00 3.50 ± 0.70 0.28
  Histology
  Benign adenoma 14 (93.3%) 6 (66.7%) 2 (100%)
  Chief cell adenoma 0 (0%) 0 (0%) 0 (0%)
  Others (normal, hyperplasia) 1 (6.7%) 3 (33.3%) 0 (0%)

Figure 1. (a) Regression analysis with vitamin D as dependent variable with weight of parathyroid gland in patients with single 
gland disease. (b) Regression analysis with vitamin D as dependent variable with combined weight of parathyroid glands in 
patients with multiple gland disease.
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perienced surgeon will locate the disease during exploration.
An altered vitamin D status is perhaps the most signifi-

cant confounding factor found relating to patients with PHPT. 
Low levels of Vitamin D have been often linked to higher lev-
els of PTH and larger size of parathyroid adenoma [9, 13], 
hence one would speculate that patients with impaired vitamin 
D status will have an aggressive phenotype of PHPT and the 
likelihood of pre-surgical localization would be higher due to 
chronic gland stimulation. In contradiction to this speculation, 
our study shows that presence of vitamin D insufficiency or 
deficiency does not affect the biochemical severity of disease 
at presentation. There is a greater predilection of the inferiorly 
located glands to be involved more with adenomatous changes 
in PHPT especially the right inferior gland which is mostly in-
volved when patients have their vitamin D levels in the insuf-
ficient or deficient range. The reason for this remains specula-
tive but could well be related to the peculiarity of blood supply 
to the inferiorly located glands.

Our findings also suggest that US is a reliable and effec-
tive tool for localizing SGD but in cases of negative localiza-
tion where MGD is suspected proceeding to a SG would be 
the most reasonable option. While trying to establish a concur-
rence between US findings and histology outcomes we have 
established that US has a sensitivity of about 58% and specific-
ity of 100% in identifying parathyroid adenoma which is com-
patible with other authors [14] but the findings do not overtly 
change when patients were subcategorised as per vitamin D 
status (sensitivity: 56-62%; specificity: 100%). We therefore 
conclude that although vitamin D deficiency may lead to an 
element of secondary hyperparathyroidism, it does not in-
crease chances of pre-operative localization. Our findings do 
not concur with observations made by Kandil et al [12] who 
established that lower plasma levels of vitamin D were associ-
ated with positive radiological findings although the modality 
chosen for imaging was Tc99m sestamibi scan and not US.

We also noted a definite relationship between weight of 
the resected parathyroid gland and vitamin D status. As vi-
tamin D deficiency is a stimulus for parathyroid hyperplasia 
and parathyroid tumour weight is the most reliable indicator 
of parathyroid cell mass, our patients who were vitamin D de-
ficient or insufficient had the largest mean gland weight both 
in SGD and MGD and vitamin D sufficient patients had the 
smallest size glands. These findings echo with results from 
previous work by other authors [9, 13, 19]. We also noticed 
an inverse association between serum 25(OH)D3 levels and 
gland weight after resection especially in SGD which would 
be relevant in the management of PHPT as this would strongly 
add to the growing body of evidence whether vitamin D defi-
ciency or insufficiency should be corrected routinely to reduce 
adenoma weight and disease severity before undertaking par-
athyroidectomy. We have also established that despite vitamin 
D deficiency or insufficiency patients are more likely to have 
SGD than MGD (48.1% (39/81) vs. 29.6% (24/81)). These 
findings are similar to Randle et al [7] who reported that MGD 
was less common in patients with severe vitamin D deficiency 
(19% vs. 30%, P = 0.06) and in a larger cohort of all vitamin D 
deficient patients (20% vs. 30%, P < 0.001). Although benign 
adenoma was the principal histological variant in our cohort of 
patients, we also established that chief cell adenoma was the 

second most common variant and is more prevalent in vitamin 
D deficiency state.

Our study is constrained by its retrospective design and 
the small sample size. Second, we did not include the find-
ings of SG for preoperative definition or localization of glands 
as only 20% of our patients had a SG study. If this data was 
available for all patients our findings would have been more 
robust as SG and USS findings are often complimentary. Nev-
ertheless, we have been able to establish that USS is an ef-
fective tool with comparative efficacy and accuracy to SG in 
pre-operative localization prior to parathyroid surgery when 
patients have variable vitamin D status. It will be a viable, low 
cost and low radiation option for centres that do not have the 
facility for SG. Third, our study does not explore the causal 
relationship of how vitamin D deficiency influence radiologi-
cal and post-operative findings, but it paves the way for inter-
ventional prospective studies where pre-operative vitamin D 
replacement may be beneficial in patients with PHPT to reduce 
their disease burden.

In conclusion, our study adds to the growing evidence that 
vitamin D insufficiency or deficiency is a significant problem 
which co-exists with PHPT. An abnormal vitamin D status 
does not overtly impact biochemical severity of disease in 
PHPT. USS is a reliable tool for pre-operative localization of 
parathyroid glands, but imaging outcomes are not significantly 
underpinned on underlying vitamin D status. However, uncor-
rected vitamin D deficiency leads to higher adenoma weight 
and may potentially influence operative outcomes; hence, cli-
nicians should consider replacing it routinely prior to parathy-
roidectomy.
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