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Objective: We aimed to construct a predictive scoring model for the factors
influencing serum phosphorus reduction following total parathyroidectomy
(tPTX) in secondary hyperparathyroidism (SHPT) and provide a reference for
identifying patients who can successfully correct hyperphosphatemia
before surgery.

Methods: The clinical data of 529 patients with SHPT who underwent tPTX were
retrospectively analyzed according to the inclusion and exclusion criteria.
Univariate and multivariate analyses were conducted to determine the
independent factors and establish a predictive scoring model. The receiver
operating characteristic curve (ROC) was applied to verify the model in the
training and validation groups, respectively.

Results: In the whole group, 315 patients had a significant decrease in serum
phosphorus after tPTX. Univariate and multivariate analysis showed that
preoperative alkaline phosphatase (AKP), intact parathyroid hormone (iPTH)
and free triiodothyronine (FT3) were independent influencing factors to
promote the decrease of serum phosphorus after tPTX; Serum phosphorus
and bone pain were inhibitory factors (all P<0.05). According to the cut-off
value, AKP>193.33 U/L, iPTH>1808 pg/mL, FT3>2.825 pg/mL, serum
phosphorus>2.285 mmol/L and bone pain were used to establish the
predictive scoring model for serum phosphorus decline. The results showed
that the success rate of serum phosphorus reduction was 67.55% at 10~14 points
and 95.35% at 15~24 points. The area under ROC curves (AUC) for the training
and validation group were 0.818 (95% Cl=0.775~0.861) and 0.840 (95%
Cl=0.780~0.901, both P<0.05).
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Conclusion: The established prediction score model for serum phosphorus
decrease has a good prediction efficiency which is helpful for the early
identification. The model provides important clinical guidance for the
postoperative management and treatment of SHPT.

secondary hyperparathyroidism, total parathyroidectomy, hyperphosphatemia, risk
factors, predictive model

1 Introduction

Secondary hyperparathyroidism (SHPT) is one of the common
complications in patients with chronic kidney disease (CKD) (1). In
these patients, the renal function is impaired, disrupting the balance
of calcium absorption and phosphorus excretion in the body. This
manifests as persistent hyperphosphatemia, hypercalcemia or
hypocalcemia, thereby stimulating the parathyroid gland to
secrete parathyroid hormone (PTH). It causes bone destruction
and calcium release, which leads to bone pain, skeletal deformities,
skin itching and cardiovascular diseases. In severe cases, it will affect
the long-term survival of patients (2-4). The current treatment
options for SHPT include diet control, drug therapy, dialysis, and
surgical treatment.

Drug treatment is mainly classified into phosphate binders,
vitamin D and its analogues, and calcimimetics. Phosphate binders
can correct hyperphosphatemia to maintain normal serum calcium
and PTH levels, and are categorized into calcium-containing
(calcium carbonate (5)) and calcium-free (sevelamer (6))
phosphate binders. Vitamin D and its analogues treat SHPT by
rectifying the related vitamin D deficiency (7). Commonly used
medications include calcitriol, paricalcitol, and alfacalcidol (8, 9).
Calcimimetics reduce PTH secretion by activating calcium-sensing
receptors, thereby effectively controlling calcium and phosphorus
levels (10). Cinacalcet is the most common calcimimetic, which can
enhance the sensitivity of calcium-sensing receptors to extracellular
calcium and bind allosterically to the receptor to inhibit PTH
secretion (11). At present, there are three recognized surgical
methods, each with its own pros and cons: total
parathyroidectomy (tPTX), subtotal parathyroidectomy (sPTX),
and total parathyroidectomy with autotransplantation (tPTX +
AT) (12, 13). However, for patients with SHPT who fail to
respond to medical therapy, parathyroidectomy (PTX) is often
the final choice (14, 15). For dialysis patients who can no longer
benefit from kidney transplantation, tPTX is a safe and effective
intervention that reduces the recurrence of SHPT and reduces
mortality (16). tPTX can be performed also before a scheduled
kidney transplantation in order to prevent the development of
tertiary HPT and the further impairment of the allograft.

Some patients, on the foundation of long-term SHPT, as the
parathyroid glands are stimulated for a long time, the hyperplastic
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glands have acquired autonomous function and have developed
into adenomas or adenoma-like nodules that secrete PTH
independently. Even if the kidney transplantation is successful,
the parathyroid function cannot return to normal, presenting
hypercalcemia, hypophosphatemia, and elevated serum PTH,
which is known as tertiary hyperparathyroidism (THPT) (17).
tPTX can be performed also before a scheduled kidney
transplantation in order to prevent the development of tPTX can
be performed also before a scheduled kidney transplantation in
order to prevent the development of tertiary HPT and the further
impairment of the allograft (18). For such patients, in the clinical
setting, it is necessary to pay key attention to the transplant kidney
function, renal osteopathy, and the mortality rate of cardiovascular
events. Currently, the main treatment approaches are surgical
operations and medical treatment mainly based on cinacalcet.
The guideline suggests that the surgical approach for THPT
treatment should be selected based on the patient’s condition as
either tPTx + AT or sPTx (19).

Hyperphosphatemia is a common complication in patients with
CKD and a common cause of SHPT. In the general population, the
incidence of hyperphosphatemia is about 12% (20), while in
patients with end-stage renal disease, it can be as high as 50% to
74% (21). The internal homeostasis of phosphates is mainly
maintained through gastrointestinal absorption, bone metabolism,
and urine excretion. As CKD progresses, the function of the kidney
to excrete phosphorus and to reabsorb calcium declines, leading to
the loss of calcium salts and the retention of phosphate salts in the
body, which further stimulates the proliferation of parathyroid cells
and the secretion of large amounts of PTH, ultimately leading to the
development of SHPT. Hyperphosphatemia is capable of inducing
the transformation of vascular smooth muscle cells into osteoblasts,
promoting calcification of the inner wall of blood vessels,
augmenting the risk of coronary artery plaque formation, and
resulting in a reduction in the elasticity of peripheral vessels (22,
23). Consequently, it can trigger arteriosclerosis, hypertension,
coronary heart disease, left ventricular hypertrophy, and even
heart failure (24), and elevate the risk of all-cause mortality and
cardiovascular mortality in patients at CKD stage 3 and CKD stage
4 (25). Additionally, hyperphosphatemia can also cause central
nervous system reflex hyperactivity, muscle spasms, neuromuscular
excitability, even delirium, coma, and tetany symptoms. Research
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indicates that hyperphosphatemia is an independent risk factor for
the progression of chronic kidney disease. Moreover, it can induce
renal failure again in patients who have received kidney transplants,
imposing a significant economic burden on patients and severely
affecting the quality of life of patients with SHPT (26).

Total parathyroidectomy is the most important treatment
option for patients with SHPT. At present, the changes of serum
calcium in patients with SHPT after tPTX have aroused extensive
attention, while insufficient attention has been paid to perioperative
serum phosphorus disorders. Previous studies have shown that in
some patients, serum phosphorus levels can be significantly
improved after PTX treatment, significantly improving their
quality of life, but not all patients benefit from it (27). Therefore,
it is crucial to identify the factors associated with improved serum
phosphorus levels after tPTX treatment. This study retrospectively
analyzed the clinical data of patients with CKD secondary to SHPT
and hyperphosphatemia before and after surgery, explored the
independent factors influencing the decrease of blood phosphorus
in patients with SHPT and hyperphosphatemia after surgery, and
constructed a comprehensive and efficient preoperative prediction
scoring model integrating multiple influencing factors (28).
Innovatively, the decrease of blood phosphorus after surgery was
stratified in a gradient manner, providing convenience for
clinicians’ identification and patients’ understanding. The aim is
to provide important references for individualized treatment.

2 Data and methods
2.1 Research object

Collect the clinical data of 564 SHPT patients who received
tPTX treatment at the Northern Theater Command General
Hospital of the People’s Liberation Army from April 2015 to
April 2024. According to the inclusion and exclusion criteria, 529
cases were selected and randomly divided into training group
(n=370) and validation group (n=159) at a ratio of 7:3.

Inclusion criteria (1): Patients with CKD complicated with
SHPT (19) (2); The preoperative serum phosphorus level >1.45
mmol/L (4.5 mg/dL) (3); Patients with SHPT who met the surgical
indications and received tPTX for the first time (4); iPTH decreased
by 80% at 20 minutes after parathyroidectomy (5); All 4 parathyroid
glands were removed during operation without ectopic parathyroid
glands (6); Patients with complete clinical data.

Excluding criteria (1): Patients with SHPT due to other etiologies
(2); Tertiary hyperparathyroidism (3); The preoperative serum
phosphorus level <1.45 mmol/L (4.5 mg/dL) (4); Primary
hyperparathyroidism, parathyroid adenoma or combined malignant
tumor (5); Persistent hyperparathyroidism occurred after surgery (6);
Postoperative recurrence of hyperparathyroidism was followed by
hospitalization and/or reoperation (7); Ectopic parathyroid glands
were present or all 4 parathyroid glands were not found during
operation (8); Postoperative pathology was not consistent with
secondary hyperparathyroidism (9); Patients with incomplete
medical records. This study complies with the requirements of the
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Declaration of Helsinki and has been approved by the Ethics
Committee of the General Hospital of the Northern Theater
Command of the Chinese People’s Liberation Army. [Approval
number: Ethics Y (2024) 127] (Waiver of informed consent has
been applied).

Referring to the “Chinese expert consensus on surgical practice
of hyperthyroidism in patients with chronic kidney disease (2021
edition)” (19), the indication for surgery in our departmentnm (1):
The accompanying clinical symptoms (bone pain, skeletal
deformity, muscle weakness, etc.) seriously affect the quality of
life (2); Ultrasonography showed at least one enlarged parathyroid
gland (volume>500mm?’ or diameter>1cm) or was clearly localized
by MIBI imaging (3); Medical drugs such as cinacalcet, phosphate
binders, antiresorptive agents were resistant or ineffective (4);
Persistent iPTH>800 ng/mL. Surgical contraindications (1):
Patients with severe cardiovascular, respiratory and nervous
system dysfunction could not tolerate surgery (2); Severe
coagulation dysfunction (3); Acute phase of various infections.

2.2 Research parameters

The clinical characteristics of patients such as gender, age,
dialysis time, previous renal transplantation, clinical
accompanying symptoms (skin itching, bone pain, skeletal
deformity (28), muscle weakness, insomnia, restless legs, dry
heat), underlying diseases (diabetes, hypertension, heart failure,
coronary heart disease) were collected, and the preoperative 25-
hydroxyvitamin D, iPTH, Ca, P, Na, K, AKP, albumin, hemoglobin,
serum creatinine, thyroid function and echocardiography results.
The enrolled patients had been treated with cinacalcet, sevelamer
and dialysis before admission, but all patients still had suboptimal
serum phosphorus levels. They were no longer taking related
medications before and after surgery. A blood test was performed
4 hours after surgery, serum calcium, phosphorus and iPTH were
monitored once a day at 5 am within 1 week after operation. The
reference range of serum phosphorus was 0.87-1.45 mmol/L.
According to the lowest serum phosphorus level after surgery, the
patients were divided into postoperative hyperphosphatemia group
(>1.45mmol/L) and non-hyperphosphatemia group (<1.45mmol/
L). According to the analysis, the lowest serum phosphorus level
after tPTX (M=1.27mmol/L) was lower than that before tPTX
(M=2.33mmol/L). Because the data of blood phosphorus levels
both preoperatively and postoperatively presented a skewed
distribution, the rank-sum test was adopted for statistical analysis,
and we discovered that there was a significant difference between
the two data (P<0.001). Therefore, we defined the postoperative
decrease in serum phosphorus to the normal range as a significant
postoperative decrease in serum phosphorus or a successful surgical
phosphorus reduction.

Patient information was collected from the hospital’s electronic
medical record information system. Clinical concomitant
symptoms (pruritus, bone pain, skeletal deformity, muscle
weakness, insomnia, restless legs, dry heat) and chronic diseases
are all derived from the reports of clinical doctors based on relevant
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guidelines (binary yes/no). The laboratory analysis indicators
collected in this paper are all derived from the data reported by
the Laboratory Department of the General Hospital of the Northern
Theater Command. The indicators for all patients in this study are
uniform. Patients with a history of hypertension, diabetes, and
cardiovascular and cerebrovascular diseases were treated under the
guidance of relevant departments.

2.3 Statistical analysis

R (version 4.3.3) was used for all statistical analysis.
Measurement data were expressed as mean + standard deviation
(¥ + s) in accordance with the normal distribution, and were
expressed as interquartile range [M(IQR)] in non-normal
distribution; Count data were expressed as frequency
(percentage). Measurement data conforming to normal
distribution were analyzed by t test, and non-parametric Kruskal-
Wallis (K-W) test was used for non-normal distribution data;
Count data were compared using the x’ test. “Foreign” and
“tidyverse” packages were used for data preprocessing, “tableone”
package was used to draw the basic characteristics table of clinical
data, the “glmnet” package performed univariate Logisitc regression
variable screening. Variance inflation factor (VIF) was used to
diagnose them for multicollinearity (Table 1), and Spearman
correlation heatmaps of numerical variables were plotted
(Figure 1). The selected variables were included in the
multivariate Logistic regression to determine the independent
influencing factors of postoperative serum phosphorus decline
(the significant variables were screened by stepwise method).
“Car” and “corrplot” packages were used for collinearity diagnosis
and correlation heat maps. On the basis of regression analysis, the
“pROC” package was used to draw the receiver operating
characteristic curve (ROC) and calculate the area under the curve
(AUC) to evaluate the discrimination of the model, and the
“optimalCutpoints” package was used to determine the best cut-

TABLE 1 Multiple collinearity diagnosis.

Variable name Vif

Numerical variables

iPTH 1.220
Serum calcium 1.054
Serum phosphorus 1.330
Alkaline phosphatase 1.132
Serum creatinine 1.217
FT3 1.061
Categorical variables
Pruritus 1.257
Bone pain 1.273

All Vif values <5 are considered to have no collinearity between variables, which will not affect
the subsequent inclusion in the model.
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off value, P<0.05 was considered statistically significant. According
to the critical value, the data of each influencing factor were
classified and included in binary Logistic regression analysis to
screen the predictors (Table 2). The x4 (rounded) value was used
as the score when the predictor was positive, and 0 was used when
the predictor was negative (29).Tenfold cross validation was used to
evaluate the stability of the model.

3 Results
3.1 General information

Of the 529 patients, 315 (59.55%) had a significant decrease in
serum phosphorus after surgery, and 214 (40.45%) had no
significant decrease in serum phosphorus after surgery. The
demographic characteristics, medical history and laboratory
indicators of the patients in the training group and the validation
group are shown in Table 3. Except for the interventricular septal
thickness, there were no statistically significant differences in
clinical data and serological indicators (all P>0.05), which
were comparable.

3.2 Univariate and multivariate analyses

The results of univariate Logistic analysis in the training group
showed that pruritus, bone pain, iPTH, serum phosphorus, serum
calcium, creatinine, AKP and FT3 could affect the decrease of serum
phosphorus after surgery (Table 4, all P<0.1 to include more
possible factors). Multiple collinearity diagnosis showed that VIF
values of all variables were <5, and Spearman correlation heat map
showed that the correlation between the two variables was P>0.05.
The statistically significant variables in univariate analysis were
included in multivariate Logistic analysis. The results showed that
AKP, iPTH and FT3 before operation were independent influencing
factors for promoting postoperative serum phosphorus decline, and
preoperative serum phosphorus and bone pain were independent
influencing factors for inhibiting postoperative serum phosphorus
decline (all P<0.05, Table 5). The cut-off values of AKP, iPTH, FT3
and serum phosphorus calculated by Youden Index were 193.33 U/
L, 1-808 pg/mL, 2.825 pg/mL and 2.285 mmol/L respectively.

3.3 Construction and validation of
predictive risk models

According to the Logistic regression analysis (Table 2),
AKP>193.33 U/L, iPTH>1-808 pg/mL, FT3>2.825 pg/mL, serum
phosphorus >2.285 mmol/L and bone pain were used as predictors
to construct a prediction scoring model for serum phosphorus
decline. All patients were scored according to the prediction scoring
model. The total score of each patient +11 was taken as a positive
number, and the score was divided into 4 scoring intervals
according to the quartile of the score. The success rate of serum
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phosphorus reduction corresponding to each interval was
compared and stratified. Final evaluation training group: Scores
of 0-6 are in the non-significant group, with a success rate of decline
of 21.35%; scores of 7-9 are in the moderate group, with a success
rate of decline of 26.47%; scores of 10-14 are in the significant
group, with a success rate of decline of 67.55%; scores of 15-24 are
in the extremely significant group, with a success rate of decline of
95.35%. The evaluation validation group: Scores of 0-6 are in the
non-significant group, with a decline success rate of 12.12%; scores
of 7-9 are in the moderate group, with a decline success rate of
25.00%; scores of 10-14 are in the significant group, with a decline

success rate of 65.15%; and scores of 15-24 are in the extremely
significant group, with a decline success rate of 97.22% (Table 6).
There were statistically significant differences in the success rate of
serum phosphorus reduction among different levels in the training
group and the validation group (all P<0.05).

It is generally believed that AUC>0.7 can be considered as a
good diagnostic effect of the model, and the larger the AUC, the
higher the diagnostic accuracy. The ROC curve was drawn with the
actual serum phosphorus reduction success result as the state
variable and the score value as the test variable. The results
showed that the AUC of ROC of the model in the training group

TABLE 2 Binary Logistic regression analysis was used to analyze the risk predictors of hyperphosphatemia.

Influencing factors B OR V4 P Score
Bone pain -0.896 0.408 -2.529 0.011 -4
Preoperative iPTH>1 808pg/mL 0.711 2.036 2.432 0.015 3
Preoperative serum calcium>2.285mmol/L -1.760 0.172 -6.014 <0.001 -7
Preoperative alkaline phosphatase>193.33U/L 1.695 5.446 6.045 <0.001 7
Preoperative FT3>2.825pg/mL 0.869 2.384 2.892 0.004 3
No bone pain/Score=cutoff 0
Total Score Interval(+11) -11~13(0~24)
Frontiers in Endocrinology 05 frontiersin.org
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TABLE 3 Comparison of baseline data of SHPT patients in training group and validation group.

Factors

Training group (n=370)

Validation group (n=159)

10.3389/fendo.2025.1584602

tIZI

Gender (n, %)

Male 186 (50.3) 78 (49.1)
0.026 0.872
Female 184 (49.7) 81 (50.9)
Age (years)® 48.00 (39.25, 56.00) 47.00 (38.50, 54.00) 1422 0.155
Duration of dialysis (years)® 8.00 (6.00, 11.00) 8.00 (6.00, 10.00) -0.142 0.887
Kidney transplantation (n, %) 355 (95.9) 152 (95.6) <0.001 >0.999
Diabetes mellitus (n, %) 338 (91.4) 151 (95.0) 1.596 0.206
Hypertension (n, %) 61 (16.5) 32 (20.1) 0.781 0.377
Heart failure (n, %) 356 (96.2) 154 (96.9) 0.012 0914
Coronary Artery Disease (n, %) 350 (94.6) 151 (95.0) <0.001 >0.999
Clinical symptoms
Pruritus (n, %) 115 (31.1) 47 (29.6) 0.060 0.806
Bone pain (n, %) 69 (18.6) 33 (20.8) 0.196 0.658
Skeletal deformities (n, %) 342 (92.4) 141 (88.7) 1.529 0.216
Muscle weakness (n, %) 304 (82.2) 137 (86.2) 1.012 0.315
Insomnia (n, %) 328 (88.6) 139 (87.4) 0.065 0.799
Restless leg (n, %) 315 (85.1) 131 (82.4) 0.443 0.506
Thermal Dryness (n, %) 343 (92.7) 148 (93.1) <0.001 >0.999
Preoperative laboratory test
iPTH (pg/mL)* 1900.00 (1462.25, 1900.00) 1900.00 (1305.00, 1900.00) -1.737 0.082
Serum calcium (mmol/L)* 2.45 (2.31, 2.58) 2.46 (2.32, 2.58) -0.341 0.733
Serum phosphorus (mmol/L)* 2.36 (2.03, 2.78) 2.38 (2.03, 2.78) -0.538 0.590
Alkaline phosphatase (U/L)* 211.11 (139.94, 465.83) 212.60 (128.43, 359.66) -0.881 0.379
Albumin (g/L)* 38.25 (35.73, 40.90) 38.50 (36.00, 40.95) -1.009 0.313
Hemoglobin (g/L)* 108.00 (95.25, 118.00) 109.00 (96.50, 120.00) -0.330 0.741
Serum sodium (mmol/L)* 139.90 (137.83, 141.80) 139.90 (138.40, 141.90) -0.767 0.443
Serum potassium (mmol/L)* 4.63 (4.13, 5.08) 4.68 (4.27, 5.26) -1.735 0.083
Serum creatinine (mmol/L)* 914.89 (761.70, 1150.25) 984.20 (781.30, 1205.02) -1.576 0.115
25-hydroxyvitamin D (ng/mL)* 15.05 (10.53, 21.19) 14.44 (11.24, 21.62) -0.507 0.612
FT3 (pg/mL)* 2.59 (2.28, 2.87) 2.64 (2.34, 2.96) -1.110 0.267
FT4 (ng/dL)* 0.94 (0.81, 1.09) 0.94 (0.83, 1.09) -0.263 0.793
TSH (mmol/L)* 1.56 (1.07, 2.56) 1.43 (1.06, 2.46) -0.641 0.522
Anti-Tg (TU/mL)* 8.26 (5.95, 11.51) 7.72 (5.83, 11.63) 10783 0.433
Anti-TPO (IU/mL)* 2.26 (1.23, 4.94) 2.75 (1.23, 7.44) -1.269 0.204
Preoperative ultrasound indicators
Interventricular septal thickness (mm)® 12.00 (11.00, 13.00) 12.00 (11.00, 13.00) -2.236 0.025
Left ventricular posterior wall thickness (mm)* 12.00 (11.00, 12.00) 11.00 (10.00, 12.00) -1.456 0.145
Left ventricular diameter (mm)* 47.00 (43.00, 50.00) 46.00 (43.00, 50.00) -1.659 0.097

*Median(Q1,Q3). FT3, free triiodothyronine; FT4,free tetraiodothyronine; TSH, thyroid stimulating hormone; Anti-Tg, anti-thyroglobulin antibodies; Anti-TPO, anti-thyroid

peroxidase antibody.
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TABLE 4 Univariate Logistic analysis of influencing factors of serum phosphorus reduction in the training group.

Factors Non-hyperphosphatemia Hyperphosphatemia
(n=227) (n=143)
Gender (n, %)
Male 120 (52.9) 66 (46.2)
0.269 0.764 0.209
Female 107 (47.1) 77 (53.8)
Age (years)b 48.52 (11.48) 47.41 (11.23) 0.009 1.009 0.361
Duration of dialysis (years)® 8.00 (6.00, 11.00) 8.00 (5.00, 10.50) 0.045 1.046 0.148
Kidney transplantation (n, %) 219 (96.5) 136 (95.1) 0.343 0.710 0.517
Diabetes mellitus (n, %) 207 (91.2) 131 (91.6) 0.053 1.054 0.889
Hypertension (n, %) 35 (15.4) 26 (18.2) 0.198 1.219 0.486
Heart failure (n, %) 217 (95.6) 139 (97.2) 0.471 1.602 0.434
Coronary Artery Disease (n, %) 214 (94.3) 136 (95.1) 0.166 1.181 0.731
Clinical symptoms
Pruritus (n, %) 79 (34.8) 36 (25.2) 0.462 0.630 0.052
Bone pain (n, %) 52 (22.9) 17 (11.9) -0.790 0.454 0.009
Skeletal deformities (n, %) 209 (92.1) 133 (93.0) 0.136 1.146 0.740
Muscle weakness (n, %) 185 (81.5) 119 (83.2) 0.118 1.125 0.674
Insomnia (n, %) 206 (90.7) 122 (85.3) 0.524 0.592 0.111
Restless leg (n, %) 198 (87.2) 117 (81.8) 0.417 0.659 0.156
Thermal Dryness (n, %) 214 (94.3) 129 (90.2) -0.580 0.560 0.148
Preoperative laboratory test
iPTH (pg/mL)* 1900.00 (1702.00, 1900.00) 1790.00 (1378.50, 1900.00) 0.001 1.001 0.001
Serum calcium (mmol/L)* 2.44 (2.30, 2.55) 2.47 (2.34, 2.60) -0.870 0.419 0.071
Serum phosphorus (mmol/L)* 2.18 (1.94, 2.52) 2.64 (2.31, 3.06) 1.748 0.174 <0.001
Alkaline phosphatase (U/L)* 294.52 (171.43, 617.60) 149.76 (111.50, 214.68) 0.004 1.004 <0.001
Albumin (g/L)* 37.80 (35.35, 40.05) 39.10 (36.25, 42.10) 0.003 1.003 0.532
Hemoglobin (g/L)* 108.00 (96.00, 118.00) 108.00 (95.00, 119.00) 0.003 0.997 0.629
Serum sodium (mmol/L)* 140.10 (138.00, 141.85) 139.50 (137.55, 141.50) 0.001 1.001 0.873
Serum potassium (mmol/L)* 4.51 (4.06, 5.02) 4,74 (4.31, 5.26) 0.014 1.014 0.518
Serum creatinine (mmol/L)* 880.30 (712.98, 1090.60) 993.23 (821.92, 1213.45) 0.001 0.999 0.001
25-hydroxyvitamin D (ng/mL)* 15.10 (10.70, 21.30) 14.60 (10.50, 21.10) 0.001 0.999 0.370
FT3 (pg/mL)* 2.65 (2.34, 3.00) 2.52 (2.22,2.78) 0.762 2.143 0.001
FT4 (ng/dL)* 0.93 (0.81, 1.10) 0.95 (0.81, 1.08) 0.355 1.426 0.223
TSH (mmol/L)* 1.58 (1.08, 2.57) 1.56 (1.06, 2.53) 0.011 1.011 0.578
Anti-Tg (IU/mL)* 8.52 (6.11, 13.31) 7.85 (5.68, 10.34) 0.002 1.002 0.111
Anti-TPO (IU/mL)* 2.31 (1.26, 4.98) 2.09 (1.02, 4.92) 0.005 1.005 0.118
Preoperative ultrasound indicators
Interventricular septal thickness (mm)* 12.00 (11.00, 13.00) 12.00 (11.00, 13.00) 0.037 0.964 0.579
(Continued)
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TABLE 4 Continued

Factors (n=227)

Non-hyperphosphatemia

10.3389/fendo.2025.1584602

Hyperphosphatemia
(n=143)

Preoperative ultrasound indicators

Left ventricular posterior wall

. N 11.50 (11.00, 12.00) 12.00 (11.00, 12.00) 0.046 0.955 0.553
thickness (mm)

Left ventricular diameter (mm)® 47.00 (43.00, 50.00) 47.00 (44.00, 50.00) 0.008 1.008 0.648

*Median(Q1,Q3).

Mean =+ SD. FT3, free triiodothyronine; FT4, free tetraiodothyronine; TSH, thyroid stimulating hormone; Anti-Tg, anti-thyroglobulin antibodies; Anti-TPO, anti-thyroid peroxidase antibody.

was 0.818 (95%CI = 0.775-0.861). The AUC of ROC in the
validation group was 0.840 (95%CI = 0.780-0.901) (Figure 2, all
P<0.05). A positive result indicates that the model predicts
correctly, and a negative result indicates that the model predicts
incorrectly. Training group: sensitivity was 0.626, specificity was
0.839, accuracy was 0.708; Validation group: the sensitivity was
0.886, the specificity was 0.662, and the accuracy was 0.786.

3.4 Ten-fold cross validation

At the same time, tenfold cross validation was used to evaluate
the stability of the model. The results showed that the model had
excellent diagnostic performance in the ROC curves of the training
group and the validation group: the mean AUC of the training set
was 0.823; The mean AUC of the validation set was 0.829 (Table 7,
all P<0.05).

4 Discussion

Hyperphosphatemia is a common complication in patients with
CKD and secondary hyperparathyroidism in patients with chronic
kidney disease. Hyperphosphatemia not only exacerbates
hypocalcemia, but also promotes the abnormal deposition of
phosphate in renal vasculature, exacerbates renal insufficiency,
and is closely associated with inflammation, ectopic vascular
calcification, and cardiovascular events (30).

This study analyzed the clinical data of SHPT patients who
underwent tPTX in our hospital from April, 2015 to April, 2024. Tt
was found that 59.55% of SHPT patients had significant
improvement in blood phosphorus after tPTX. We found that
AKP, iPTH, FT3, serum phosphorus and bone pain were
predictors of postoperative serum phosphorus improvement in
SHPT patients with hyperphosphatemia, while higher
preoperative serum phosphorus level and bone pain indicated
poor improvement of serum phosphorus after tPTX in
SHPT patients.

PTH is the main regulatory hormone of calcium and
phosphorus balance, which can increase the blood calcium level
and promote the excretion of phosphorus by the kidney. Studies
have shown that PTH can promote and stimulate intestinal
absorption of calcium and phosphate, release of calcium and
phosphate from bone, and promote renal excretion of
phosphorus by stimulating bone secretion of fibroblast growth
factor 23 (FGF-23) (31, 32). After tPTX, the PTH level of SHPT
patients is significantly reduced, which reduces the absorption of
phosphate in the intestine and the release of phosphate from the
bone, so that hyperphosphatemia can be significantly relieved (33).

As a bone turnover marker, alkaline phosphatase AKP is widely
distributed in various organs of human body such as liver, bone,
intestine and kidney, reflecting the function of osteoblasts and bone
formation in SHPT patients (34), and is an independent factor for
vascular calcification (35, 36). Current studies have found that AKP
contains a variety of isoforms, among which tissue nonspecific
alkaline phosphatase (TNAP) is strongly expressed in bone, liver

TABLE 5 Multivariate logistic analysis of influencing factors of serum phosphorus reduction.

Influencing factors B OR (95%Cl) P
Pruritus 0.049 0.153 1.050 (0.560~1.976) 0.878
Bone pain -0.825 -2.134 0.438 (0.201~0.923) 0.033
iPTH 0.001 2.400 1.001 (1.000~1.002) 0.016
Serum calcium -0.764 -1.319 0.466 (0.147~0.926) 0.187
Serum phosphorus -1.760 -5.599 0.172 (0.091~0.313) <0.001
Alkaline phosphatase 0.003 4.097 1.003 (1.002~1.004) <0.001
Serum creatinine -0.001 -0.456 1.000 (0.999~1.001) 0.648
FT3 0.832 2.945 2.298 (1.373~4.117) 0.003
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TABLE 6 The degree of serum phosphorus reduction was stratified.

Score

interval Patient (n)

Non-hyperphosphatemia (n)

10.3389/fendo.2025.1584602

Accuracy

rate (%) AUC (95%Cl)

Training group

non-significant 0~6 89 19 21.35

moderate 7~9 44 24 54.55 0.818
significant 10~14 151 102 67.55 (0.775~0.861)
extremely significant 15~24 86 82 95.35

Validation group

non-significant 0~6 33 4 12.12

moderate 7~9 24 6 25.00 0.840
significant 10~14 66 43 65.15 (0.780~0.901)
extremely significant 15~24 36 35 97.22

and kidney, and plays a key role in bone calcification (37). In SHPT
patients with little fluctuation of liver function, the increase of AKP
indicates that the expression of TNAP is significantly up-regulated.
TNAP can degrade extracellular pyrophosphate (PPi) to phosphate,
thereby attenuating the inhibitory effect of PPi on vascular
calcification. PPi is a major endogenous calcification inhibitor of
calcium phosphate crystal formation and growth in vitro and in
vivo, and can significantly inhibit vascular calcification (38). The
PPi cycling pathway is: adenosine triphosphate (ATP) is released to
the outside of cells through exocytosis and various types of
membrane channels. ectonucleotide pyrophosphatase
phosphodiesterase (eNPP) hydrolyze ATP to release PPi and
adenosine-5 ‘- monophosphate (AMP), PPi is degraded to
phosphate via TNAP, and phosphate enters the cell via Sodium-
phosphate co-transporter (NaPi) to participate in the synthesis of
ATP (39). Renal failure increases the expression of TNAP in
vascular smooth muscle and thus accelerates extracellular PPi

hydrolysis (40). When extracellular phosphate is insufficient to
synthesize sufficient PPi, phosphate from plasma will enter the
extracellular fluid to maintain the balance of circulation. In
addition, hemodialysis can also remove part of plasma PPi and
increase the expression of TNAP (41). Therefore, AKP may exert a
phosphorus lowering effect by accelerating PPi hydrolysis.

The higher preoperative iPTH and AKP levels suggest more
active bone remodeling and more calcium and phosphorus
deposition required for postoperative bone formation. iPTH can
reflect bone resorption status in patients with SHPT, and its
activation of osteoblasts can activate osteoclasts to promote bone
resorption (osteoblast-osteoclast coupling) (42). With the decrease
of iPTH of nearly 80% before and after surgery, the coupling
activation of osteogenesis and osteoclasts is destroyed, which
leads to the cessation of the activity of excess osteoclasts and the
increase of the activity of osteoblasts. A large amount of serum
calcium phosphorus are absorbed into bone, and then
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The ROC of the predictive value of the prediction score model for serum phosphorus decline. (A) Training group AUC=0.818 (B) Validation

group AUC=0.840.
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TABLE 7 Ten-fold cross validation.

Group 1 2 3 4 )
Training 0.824 0.825 0.823 0.821 0.821
Validation 0.812 0.799 0.837 0.866 0.846

10.3389/fendo.2025.1584602

() 7 8 9 10 Mean
0.825 0.827 0.828 0.819 ‘ 0.818 0.823
0.827 0.774 0.791 0.867 ‘ 0.869 0.829

Each value in the table is the AUC value under the ROC curve of each group.
The bolded values represent the average of 10 sets of AUC.

hypocalcemia and hypophosphatemia occur (43). Therefore, the
above process may be one of the mechanisms of elevated AKP and
iPTH as promoting factors for the decrease of serum phosphorus in
SHPT patients after surgery.

Bone pain is a common clinical symptom in patients with SHPT.
In uremic patients, the abnormal disorders of osteoclasts and
osteoblasts lead to the precipitation of calcium salts and phosphate
from bone and the formation of abnormal deposits in extra-bone
structures, which leads to the abnormality of serum phosphorus and
calcium and causes bone pain (44). Elevated blood phosphorus can
stimulate the expression of iPTH gene, promote the activation of
osteoclasts, further form a positive closed loop, and aggravate
hyperphosphatemia (45). Studies have shown that preoperative bone
pain is positively correlated with preoperative iPTH (r=0.3), but
negatively correlated with postoperative bone alkaline phosphatase
(BAKP, r=-0.4) and Klotho (r=-0.4) (46). Klotho is a protein that can
confer tissue specificity to FGF-23 (47). FGF-23 is mainly synthesized
by bone cells and osteoblasts and mediates physiological processes by
binding to its receptor fibroblast growth factor receptor (FGFR). The
involved Klotho affects FGFR sensitivity depending on its
concentration. The low BAKP level after surgery indicates poor
bone remodeling ability, and the serum phosphorus required for
new bone tissue is reduced, while the decreased Klotho level will
reduce the phosphorus reducing efficiency of FGF-23 (47). Therefore,
preoperative bone pain can lead to higher serum phosphorus level
after surgery, which may be one of the mechanisms of bone pain
affecting the decrease of serum phosphorus after surgery.

FT3 is generally considered the most active thyroid hormone,
and FT3 levels are reduced in up to 75% of patients when renal
function declines (48). Some studies have shown that FT3 level is
positively correlated with GFR level (49). It is negatively correlated
with renal tubular markers and is a protective factor for renal
tubular injury (50). Therefore, we inferred that higher FT3 levels
represented better renal phosphorus excretion function.

Phosphate, as a signaling molecule, is involved in various
cellular processes of bone remodeling, and higher phosphate
levels can stimulate continuous secretion of PTH. Phosphate
plays a crucial role in the activation and differentiation of
osteoblasts. When serum phosphorus and PTH secretion are
significantly increased, bone destruction can be stimulated and
the activity of osteoclasts and osteoblasts can be activated, both of
them are in a state of high speed. After tPTX, the PTH suddenly
decreases, and the bone high transport state is improved,
accompanied by the decrease of secum phosphorus (33).

One study has suggested that FGF-23 is an independent risk
factor affecting the change of secum phosphorus before and after PTX
surgery (51). FGF-23 is a novel phosphate-regulating factor secreted
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by osteoblasts and osteocytes. On the one hand, it promotes urinary
phosphorus excretion by down-regulating the expression of sodium
and phosphorus transporters in proximal tubular epithelial cells, and
on the other hand, it inhibits the synthesis of 1,25(OH),D; by
inhibiting the activity of lo. hydroxylase in proximal tubular
epithelial cells, thereby reducing intestinal (27). In advanced CKD,
the decrease of plasma 1,25(OH),D; reduces Klotho expression in the
kidney and parathyroid, leading to the disorder of FGF-23/Klotho
axis. The higher the preoperative serum phosphorus level, the lower
the Klotho expression, the lower the binding efficiency of FGF-23 to
the receptor after PTX, and the poor effect of phosphorus reduction.
More studies are needed to confirm the interaction between FGF-23,
PTH and 1,25(0OH),D; and their effects on bone metabolism and
bone phosphorus transport.

The interactions among these indicators such as blood
phosphorus, alkaline phosphatase, and PTH are complex and
intricate. Although the underlying mechanism cannot be fully
elucidated through a single pairwise relationship, it can inspire us
to take some actions in clinical practice (1): While routinely testing
various indicators of patients after surgery, we suggest that for
patients with elevated AKP and PTH before surgery, priority should
be given to blood phosphorus testing (2); For patients with obvious
bone pain before surgery, bone pain can be scored before and after
surgery according to relevant guidelines, or the bone condition can
be judged through auxiliary examinations such as DXA and X-rays,
and the relationship between the reduction of blood phosphorus
and the relief of bone pain over a period of follow-up can be
explored (3); For patients with elevated blood phosphorus and FT3
before surgery, regular laboratory tests can be conducted after
surgery to determine the long-term effect of the surgery.

In this retrospective clinical study covering 555 SHPT patients,
we propose a predictive scoring model based on five preoperative
factors that allows prediction of a reduction in phosphorus levels
after tPTX based on preoperative clinical and laboratory
characteristics. The current issue of the kinetics of serum
phosphorus after tPTX has not been fully explored, and the
literature tends to focus more on calcium or PTH results after
tPTX than on phosphorus, which is novel to us. Compared with
previous prediction tools to solve calcium dynamics or hungry bone
syndrome, our prediction model has the advantages of simplicity
and strong implementation, and is convincing in the number of
surgical cases and the accuracy of the prediction results. In addition,
we stratified the postoperative serum phosphorus reduction by
gradient, which is beneficial to intuitively identify patients with
good surgical results, which is also different from other prediction
model articles. It is beneficial to clinicians’ judgment and
preoperative explanation to patients, and helps some patients to
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understand the necessity and feasibility of surgery more intuitively.
Since the scoring model is clinically simple and stratified by risk
intervals, we consider proposing or developing an online calculator,
nomogram, or app-based tool to facilitate real-time application by
clinicians in the future.

However, this study has several limitations (1): Owing to the
constraints of the laboratory, the upper limit of the iPTH measurement
values is 1900 pg/mL. In centers with a broader detection range, after
incorporating the data of patients with more extreme biochemical
characteristics (>1900 pg/mL), the iPTH cutoft value would be higher
than the current one. Patients originally within the cutoff value would
be excluded as a result of the increase in the cutoff value, and the
prediction accuracy of the model would slightly decline. Therefore, the
current model accuracy is slightly higher than the actual situation, but
would not change its nature as a factor promoting the decrease of
serum phosphorus (2); This study is a single-center retrospective study
with a single source of samples. Although it has a validation group and
ten-fold cross-validation, it still lacks strong external validation (3);
This study was a retrospective study and did not include all indicators
that may affect serum phosphorus (For instance, perioperative diet,
drugs that may influence the changes of blood phosphorus, and blood
indicators that are not included in the routine test items, etc.) (4); An
unavoidable shortcoming is the loss to follow-up of data from patients
with postoperative recurrence of hyperparathyroidism who did not
have readmission. There are certain bias and confounding factors in the
articles. In the future, multi-center, large-sample external validation
and prospective studies are needed to enrich the prediction model,
improve the accuracy, and increase the wide applicability of the model.

5 Conclusion

In conclusion, this study concluded that preoperative
AKP>193.33 U/L, iPTH>1-808 pg/mL and FT3>2.825 pg/mL
were independent factors promoting the decrease of serum
phosphorus after surgery, while serum phosphorus >2.285 mmol/
L and bone pain were independent factors inhibiting the decrease of
serum phosphorus after surgery. The established prediction scoring
model is simple, convenient and effective, which can provide help
for the early identification of serum phosphorus decrease after tPTX
in SHPT patients and the early prevention and treatment of patients
with high phosphorus after tPTX.
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