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Abstract: Background: Serum 25-hydroxyvitamin D (250HD) levels significantly influence parathyroid hormone (PTH) levels in
primary hyperparathyroidism (PHPT). Vitamin D repletion to exclude secondary hyperparathyroidism (SHPT) is essential,
particularly with the emergence of normocalcemic primary hyperparathyroidism (hormocalcemic PHPT). This may delay the
diagnosis of PHPT; diagnostic tools such as Pf index : Parathyroid Function Index, the WIN index, and the calcium-to-phosphate
(Ca/P) ratio may facilitate early diagnosis.Aims: evaluate the diagnostic accuracy of these three tools in differentiating between
primary hyperparathyroidism and vitamin D deficiency-induced secondary hyperparathyroidism, and to establish a diagnostic cutoff
threshold to avoid overdiagnosis of primary hyperparathyroidism and thereby prevent unnecessary parathyroidectomies. Patients
and Methods: Our retrospective comparative analytical study included 106 patients followed for primary hyperparathyroidism or
vitamin D deficiency-induced secondary hyperparathyroidism. Patients were divided into three groups as follows: Group 1: PHPT,
Group 2: normocalcemic PHPT (NC-PHPT), and Group 3: vitamin D deficiency-associated SHPT. The WIN index (Ca x PTH), the
calcium-to-phosphate ratio (Ca/P), and the Pf index (Ca x PTH / phosphate) were calculated and analyzed across the three groups.
Statistical analysis was performed using SPSS version 26 software. Quantitative variables among the three groups were compared
using ANOVA test. The diagnostic performance of the different indices was evaluated using Receiver Operating Characteristic
(ROC) curve analysis, with assessment of the balance between sensitivity and specificity. A p-value of 0.05 was used to determine
statistical significance. Main results: Group 1 had the highest values of corrected serum calcium, PTH, and Pf index (p < 0.05). The
WIN index was significantly higher in Group 1 compared to Group 2 (p = 0.003) and Group 3 (p < 0.001). The corrected Ca/P ratio
was significantly higher in Group 1 compared to Group 3 (p < 0.001). Finally, the Pf index was significantly higher in Group 1
compared to Groups 2 and 3 (p = 0.002). The area under the ROC curve (AUC) for the Pf index in ROC analysis for the diagnosis
of PHPT was the highest at 0.845. Accordingly, it provided a sensitivity of 89% and a specificity of 60% above the cutoff value of
59. A Ca/P ratio > 3.2 suggested PHPT with a sensitivity of 80% and a specificity of 70%. A WIN index > 51 suggested PHPT with
a sensitivity of 88% and a specificity of 70%. Conclusion: The Pf index provided excellent diagnostic accuracy in differentiating
PHPT from vitamin D deficiency-associated SHPT. This simple tool may be useful in guiding timely decision-making processes
regarding the initiation of vitamin D supplementation versus parathyroidectomy for PHPT.
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1. INTRODUCTION

Patients with primary hyperparathyroidism (PHPT) may be
asymptomatic, and some of them develop a normocalcemic
form (NC-PHPT). Similarly, subjects with 250HD deficiency
may remain asymptomatic while presenting normal serum
calcium levels associated with elevated PTH. In this case, the
diagnosis of secondary hyperparathyroidism related to vitamin
D deficiency is generally established. Thus, the distinction
between PHPT, NC-PHPT, and secondary HPT due to
hypovitaminosis D remains complex when based solely on

serum calcium or PTH levels. Hence the emergence of three
indices: pfindex, WIN index, and Ca/P ratio.[1]

McKenna [2] observed that during the winter, 40% of native
young, healthy individuals in Central and Southern Europe
suffered from vitamin D insufficiency, which was frequently
associated with increased PTH levels. Furthermore, 14% of
healthy adult volunteers had 25(OH)D insufficiency and
increased PTH levels in major French research

Aims: evaluate the diagnostic accuracy of these three tools
in differentiating between primary hyperparathyroidism and
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vitamin D deficiency-induced secondary
hyperparathyroidism, and to establish a diagnostic cutoff
threshold to  avoid  overdiagnosis  of  primary
hyperparathyroidism and thereby prevent unnecessary
parathyroidectomies

2. MATERIALS AND METHODS:

This is a retrospective comparative analytical study of patients
between January 2022 and January 2024 conducted in the
Department of Endocrinology, Diabetology, Metabolic
Diseases and Nutrition at Hassan Il University Hospital in
Fez. We included all patients followed in our department for
primary hyperparathyroidism (with biological and then
histopathological confirmation) or secondary
hyperparathyroidism due to hypovitaminosis D (defined by
normalization of PTH 6 months after vitamin D
supplementation).  Patients followed for secondary
hyperparathyroidism such as renal failure and unusable
medical records were excluded.

All patients underwent measurements of serum calcium,
albumin, PTH, Ph, and 250HD. Patients were divided into 3
groups as follows: group 1: PHPT, group 2: NC-PHPT, and
group 3: secondary HPT due to vitamin D deficiency.

The WIN index: Ca x PTH, the ratio: Ca/Ph, and finally the
pfindex: Ca x PTH / phosphate were calculated and analyzed
in the 3 groups. The units used were as follows: serum PTH
(pmol/L), albumin-corrected calcium (mmol/L), phosphate
(mmol/L).

Statistical analysis was performed using SPSS 26 software.
Quantitative variables were expressed as mean + standard
deviation, and qualitative variables as frequency and
percentage. Quantitative variables of the 3 groups were
compared using ANOVA test.

The diagnostic capacity of the different indices was evaluated
using ROC (Receiver Operating Characteristic) curve
analysis, and ROC curves were generated to analyze the
balance between sensitivity and specificity. A p-value of 0.05
was used to determine statistical significance.

Consent was obtained or waived by all participants in this
study.

3. RESULTS:

Out of 106 patients, the mean age was 56.50 years + 13.24,
with 82.10% being women. 62.3% of patients belonged to
group 1, 17% to group 2, and 20.7% to group 3. The mean age
in group 1 was 54.10 years + 12.66, in group 2: 57 years +
15.40, and in group 3: 55.70 years + 16.5. No statistically
significant difference was observed between the groups in
terms of age and sex.

The mean corrected serum calcium in mmol/L was 3.46 +
0.81 for group 1 vs 2.5 £+ 0.10 for group 2 vs 2.15 £ 0.15 for
group 3.

The mean PTH in pmol/L was 136 + 15 for group 1 vs 95 +
14.6 for group 2 vs 71 £ 12.9 for group 3.

Group 1 had the highest values of corrected serum calcium,
PTH, and PF index (all P values < 0.001).

The WIN index was significantly higher in group 1 compared
to group 2 (p = 0.003) and group 3 (p < 0.001). The Ca/Ph
ratio was significantly higher in group 1 compared to group 3
(p < 0.001). Finally, the pf index was significantly higher in
group 1 compared to groups 2 and 3 (p = 0.002) (Table 1).

The area under the curve (AUC) for pf index in the ROC
analysis for the diagnosis of PHPT was 0.845. Consequently,
it provided a sensitivity of 89% and a specificity of 60% above
the cutoff value of 59, and a sensitivity of 93% and a
specificity of 30% above the cutoff value of 34 (Table 2). The
AUC, sensitivity, and specificity rates of the pf index curve
were higher than those of the WIN index and Ca/Ph ratio
curves (Figure 1, Table 2).

A Ca/Phratio > 3.2 suggested PHPT with a sensitivity of 80%
and a specificity of 70%. A WIN index > 51 suggested PHPT
with a sensitivity of 88% and a specificity of 70%.

Table 1: Comparison of the three indices values between the
different groups and significance threshold.

Index Groupe Vs Groupe Significance
p
Win 1: HPTP 2 0.003
Index hypercalcaemic
3 0.001
2: HPTP 1 0.003
normocalcaemic
3 1.00
3: HPTS 1 0.001
vitamin D
deficiency
2 1.00
Ca/ph 1 2 0.064
index
3 0.001
2 1 0.064
3 0.61
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3 1 0.00

2 0.61

Pf 1 2 0.023 Pf index 59 89 % 60 % 0’845

Index

3 0.002 34 93 % 30 %

2 1 0.023
WIN 51 88 % 70 % 0,825

index

3 1.00

Cal/ph 3.2 78 % 70 % 0,779
3 1 0.002

2 1.00
4. DISCUSSION :

According to the pathogenesis of PHPT and VD-SHPT,
Figure 1: ROC curves of pf index, WIN index, and Ca/Ph several authors have noted relatively higher serum calcium
ratio. and parathormone concentrations associated with lower
serum phosphate concentrations in PHPT, whereas in VD-
SHPT these variations were less pronounced. When faced
Courbe ROC with elevated PTH values associated with hypovitaminosis D,
Source de I should vitamin D supplementation be initiated, should
. normalization of vitamin status be awaited, or should
't potential topographic diagnosis and parathyroid surgery be
Lire d rikuancs delayed? Hence the emergence of several indices that can
guide clinicians at the initial diagnostic stage.
The pf index was the first index designed to differentiate
between primary hyperparathyroidism and secondary
hyperparathyroidism. According to our results, the pf index
was superior to other indices as it likely reflects the
interactions between multiple parameters: serum calcium and
phosphorus concentrations and PTH.
In a previous study of 128 patients in China in 2020, Yanhong
Guo et al. reported that the pf index had the best AUC: 0.94,
2 on " and a pf index > 34 had a sensitivity of 93% and a specificity
1. Specificite of 30% (Table 3) [1].

Sensibilite

Table 3: New parathyroid function index for differentiating
between primary and secondary hyperparathyroidism: a

Table 2: Sensitivity, specificity of pf index, WIN index, and case-control study [1]

Ca/Ph ratio from ROC curve analysis in the diagnosis of
primary hyperparathyroidism (PHPT).

Parameter Sensibility Specificity AUC
(%) (%)
Test result | Value | Sensibility | Specificity | Area PFindex > 34 96,9 97,6 0,945
variable(s) under
the Calcium>251 953 97,6 0,929
curve
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PTH > 11,96 85,1 100 0,851
Calcium x PTH> 93,0 97,6 0,906
35,43

Ca/P>2,71 91,4 93,9 0,853

Another study by Harinarayan et al. in 2022, involving 52
patients, showed similar results: the pf index had a perfect
AUC =1, and a pf index > 30.29 had a sensitivity of 100%
and a specificity of 100%. A WIN index > 22.41 had a
sensitivity of 100% and a specificity of 99.87%. Finally, a
Ca/Ph ratio > 2.52 had a sensitivity of 100% and a
specificity of 96.89% (Table 4) [3].

Table 4: Parathyroid function index for differentiating
between primary and secondary hyperparathyroidism and
threshold value used [3]

Parameter @ Seuil Sensibility Specificity AUC

(%) (%)
PFindex  >30,29 100 100 1
Calcium  >2,62 100 98,96 0,99
PTH >9,18 100 99,87 1
Calcium x  >22,41 100 99,87 1
PTH
Ca/P >2,52 100 96,89 0,97

A case-control study of 219 Turkish patients in 2022
reported by Murat Bulut Ozkan et al. (using the same
calcium, PTH, and phosphorus units as our study) showed
that the pf index once again had the best AUC: 0.951, and a
pf index > 32.78 had a sensitivity of 91.9% and a specificity
of 90.9%. A WIN index > 26 had a sensitivity of 89.7% and
a specificity of 90.9%. Finally, a Ca/Ph ratio > 3.3 had a
sensitivity of 89.7% and a specificity of 88.6% (Table 5) [4].

Table 5: Sensitivity, specificity, and AUC of serum calcium,
PTH, calcium x PTH product, and Pf index in the diagnosis

of HPTP [4]
Parameter Seuil = Sensibility = Specificity AUC
(%) (%)
PFindex 32,78 91,9 90,9 0,951

Cal/Ph 33 89,7 88,6 0,944
Calcium  x 26 89,7 88,6 0,942
PTH (WIN)

Our higher cutoff values are due to higher PTH and calcium
values, probably resulting from selection bias: our department
manages more severe hypercalcemia cases, sometimes with
diagnostic delay.

The strength of our work lies in its statistical analysis of
indices that are easy to calculate during consultation, allowing
time and cost savings while facilitating the differential
diagnosis of the disease.

On the other hand, we acknowledge certain limitations of our
study due to its retrospective nature. Moreover, the general
vitamin D deficiency observed in Moroccan society could
influence the results. Additionally, the small number of
patients constitutes a limitation, even though our population
was twice as large as in the study by Harinarayan et al. We
did not include a control group composed of healthy
individuals. Obtaining these data proved difficult in our study.
Based on all these studies and ours, the pf index remains the
most reliable index compared to the WIN index and the
calcium/Ph ratio, and should have a real impact on our daily
practice. It can be used as a complement to standard workup,
especially in cases of normocalcemic PHPT. To date, there
are no recommendations on the exact cutoff value to adopt for
the pf index, but the higher the pf index, for example > 34, the
more it should alert clinicians to possible PHPT even in cases
of normocalcemia.

-Our study has several strengths; however, its main
limitations are retrospective design, single-center study, a
relatively small sample size and a lack of external validation
of the cut-off values

Therefore, prospective multicenter studies are needed to
validate these findings and define standardized cut-off values.
This is an area for future research

5. CONCLUSION:

The pf index provided excellent diagnostic power to
differentiate PHPT from VVD-SHPT. This simple first-line tool
can be useful for guiding timely decision-making processes
regarding the initiation of vitamin D treatment or surgery for
PHPT. It should be used as a complement to standard workup.
To date, there are no recommendations on the exact cutoff
value to adopt for the pf index, but the higher the pf index, the
more it should alert clinicians to possible PHPT even in cases
of normocalcemia.

The major benefit of these indices is to provide initial
diagnostic guidance, allowing deferral of potential
topographic diagnosis and unnecessary parathyroid surgery.
Research perspectives: Further studies are needed to
establish a universal recommendation with a standardized
cutoff value.
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