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Abstract

Background: Hypocalcemia is the most common complication after thyroid surgery and may lead to prolonged

hospitalization and long-term morbidity. Identifying reliable perioperative predictors is essential for early risk stratification

and prevention.

Objectives: This study aimed to address these gaps by evaluating the incidence and predictors of transient and permanent

hypocalcemia after thyroid surgery in a large cohort from three major hospitals.

Methods: This retrospective multicenter cohort study included 6,124 patients who underwent thyroid surgery between

January 2020 and December 2025. Demographic, biochemical, operative, and postoperative data were extracted from the

electronic medical records. Hypocalcemia was defined as corrected serum calcium < 8.5 mg/dL and/or compatible clinical

symptoms requiring calcium supplementation and was classified as transient if it resolved within 6 months or permanent if

calcium and/or active vitamin D supplementation remained necessary beyond 6 months. Separate multivariable logistic

regression analyses were performed to identify independent predictors of transient and permanent hypocalcemia.

Results: Postoperative hypocalcemia occurred in 1,756 (28.7%) patients, including 1,578 (25.8%) with transient hypocalcemia

and 178 (2.9%) with permanent hypocalcemia. Patients with hypocalcemia had lower preoperative calcium levels and more

frequent vitamin D deficiency. Independent predictors of both transient and permanent hypocalcemia included lower

preoperative calcium, vitamin D deficiency, central neck dissection, accidental parathyroid removal, parathyroid tissue on

pathology, parathyroid autotransplantation, and lower immediate postoperative parathyroid hormone (PTH) levels. The

strongest predictors of transient hypocalcemia were parathyroid tissue on pathology (adjusted odds ratio [aOR] 3.11, 95% CI 2.12 -

4.21) and lower postoperative PTH (aOR 2.44 per 10 pg/mL decrease, 95% CI 2.09 - 2.76). For permanent hypocalcemia, the

strongest predictors were parathyroid tissue on pathology (aOR 3.67), accidental parathyroid removal (aOR 3.08), and lower

postoperative PTH (aOR 2.79).

Conclusions: Post-thyroidectomy hypocalcemia is associated with preoperative biochemical status and parathyroid-related

operative factors. Immediate postoperative PTH measurement is useful for early risk stratification and for targeted

postoperative management.
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1. Background

Thyroidectomy is widely performed for benign and

malignant thyroid diseases. Although the procedure is
generally safe, postoperative hypocalcemia remains one of

the most common complications (1). It occurs mainly

because the parathyroid glands are very small and closely

adherent to the thyroid (1). During surgery, these glands
may be injured, devascularized, or unintentionally

removed (2). Even when preserved in situ, they may

become temporarily inactive because of surgical stress or
mild ischemia (2, 3). Low vitamin D levels, low

postoperative parathyroid hormone (PTH), and extensive
neck dissection can also contribute to decreased calcium
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levels (4). Consequently, many patients develop symptoms

such as numbness, tingling, or muscle cramps in the early

postoperative period (5, 6). In a smaller proportion of
patients, hypocalcemia can become permanent and

require lifelong treatment (5).

Understanding this complication is important because

it affects patient safety, length of hospital stay, and long-
term quality of life (7). Early hypocalcemia is one of the

main reasons for readmission after thyroid surgery (8).
Permanent hypocalcemia can lead to repeated emergency

visits, chronic symptoms, renal problems, and the need for

continuous calcium and vitamin D supplementation (9).
Therefore, identifying the true risk factors for both

transient and permanent hypocalcemia is essential for
improving surgical planning, postoperative management,

and prevention strategies (10).

Many studies have investigated this topic, but their

findings are inconsistent (11). A large meta-analysis by Qin
et al. showed that female sex, younger age, Graves disease,

central lymph node dissection, and accidental removal of

the parathyroid gland increase the risk of postoperative
hypocalcemia (12). Some randomized trials reported that

preoperative calcium and vitamin D administration may
reduce early hypocalcemia, but these studies were small

and had short follow-up periods (13). Other research has

examined the role of magnesium, postoperative changes in
PTH, and new imaging tools such as indocyanine green

angiography to protect the parathyroid glands (14-16).
Results from these studies vary, and differences in

definitions, sample sizes, and surgical techniques limit

comparability.

Because of these limitations, current evidence does not
provide a clear picture of which factors truly predict

transient and permanent hypocalcemia. Most published

data are derived from single-center studies, lack
standardized laboratory measurements, or do not include

large patient cohorts. Therefore, multicenter studies with
consistent definitions and adequate follow-up are needed.

2. Objectives

The present study aimed to address these gaps by
evaluating the incidence and predictors of transient and

permanent hypocalcemia after thyroid surgery in a large
cohort across three major hospitals.

3. Methods

3.1. Study Design and Setting

This retrospective cohort study was conducted in four
tertiary referral hospitals in a single city, where thyroid

surgery is routinely performed using similar surgical

protocols and a unified electronic medical record (EMR)

system. All thyroid surgery procedures performed between

January 2020 and December 2025 were reviewed. One
hospital had a low case volume (n = 203) and was excluded

a priori because thyroid surgery had only recently been
introduced at that center and the maximum available

postoperative follow-up period was less than 6 months.

Because permanent hypocalcemia requires a minimum of
6 months of follow-up for valid ascertainment, reliable

outcome evaluation was not feasible for patients at this
hospital. Therefore, the final study cohort was derived from

the remaining three hospitals, which together contributed

7,227 thyroid surgery cases as the source population.

3.2. Participants and Sampling

A total of 7,227 patients who underwent thyroid surgery

during the study period were initially screened for

eligibility. Exclusion criteria were applied systematically.
First, patients operated on at the fourth hospital (n = 203)

were excluded because of insufficient follow-up duration.
Foreign nationals (n = 462) were excluded because their

postoperative follow-up information was not accessible in

the local EMR system, and long-term outcome verification
could not be ensured. In addition, 438 patients with

incomplete medical records were excluded because
missing operative or postoperative documentation, mainly

due to unsuccessful postoperative contact or failure to

attend reassessment visits, precluded accurate
determination of calcium-related outcomes. After these

exclusions, 6,124 patients remained and constituted the
final analytic cohort. Patients of all ages and both sexes

were eligible. The extent of thyroid surgery was recorded
for each patient and categorized as total thyroidectomy,

near-total thyroidectomy, subtotal thyroidectomy, or

hemithyroidectomy. Based on the available baseline data,
patients excluded because of incomplete follow-up or

missing data were broadly comparable to the included
cohort with respect to age, sex, and primary thyroid

diagnosis, suggesting a low likelihood of substantial

selection bias (Figure 1).

3.3. Data Collection and Instruments

Data were extracted from the EMR systems of the three
participating hospitals using a standardized extraction

form developed specifically for this study. Demographic
information included age, sex, and nationality.

Preoperative clinical data included the underlying

diagnosis, thyroid function tests, serum calcium,
magnesium, and 25-hydroxyvitamin D levels, and

documentation of preoperative calcium or vitamin D
supplementation. Intraoperative variables included the

type of thyroidectomy performed; whether central or
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Figure 1. Participant flow diagram

lateral neck dissection was performed; the number of

parathyroid glands identified; whether parathyroid

autotransplantation was performed; operative time;
intraoperative complications; and identification of

parathyroid tissue in the final pathology report. Surgeon
experience was categorized by annual thyroidectomy

volume, with fewer than 50 cases per year defined as low-
volume practice. Postoperative variables included serum

calcium and PTH values at predefined time points,

symptoms of hypocalcemia, requirement for intravenous
calcium administration, endocrinology consultation,

length of hospital stay, readmission, and final calcium
status classification as no hypocalcemia, transient

hypocalcemia, or permanent hypocalcemia. Patients with

missing key laboratory values or unavailable postoperative
follow-up were excluded before analysis to ensure accurate

outcome classification. As a result, all variables included in
the final analytic dataset were complete, and no missing

biochemical data remained.

3.4. Laboratory Measurements and Variable Definitions

Biochemical measurements were performed in the
certified clinical laboratories of each participating hospital

using standardized assays. Serum calcium was measured
using colorimetric methods, and corrected serum calcium

was calculated using the standard albumin-corrected

formula: corrected calcium (mg/dL) = measured calcium +
0.8 × [4.0 - serum albumin (g/dL)]. The same equation was

applied across all participating centers whenever serum
albumin was available. Hypocalcemia was defined as

corrected serum calcium < 8.5 mg/dL and/or compatible

clinical symptoms requiring calcium supplementation, as
determined by the treating physician. Severe hypocalcemia

was defined as corrected serum calcium < 7.5 mg/dL or the
requirement for intravenous calcium administration.

Postoperative serum calcium was routinely measured

immediately after surgery, on postoperative day 1, and
thereafter as clinically indicated during the first 48 hours.

When multiple postoperative calcium measurements were
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available, the lowest corrected calcium value recorded

within the first 48 hours was used for analysis. Serum PTH

was measured using a second-generation immunoassay,
with values between 15 and 65 pg/mL considered normal.

PTH was routinely assessed within 1 - 3 hours after surgery
and again on postoperative day 1. Vitamin D status was

evaluated using serum 25-hydroxyvitamin D levels, and

deficiency was defined as concentrations < 20 ng/mL.
Serum magnesium was measured using standard assays,

and hypomagnesemia was defined as levels < 1.8 mg/dL.

Transient hypocalcemia was defined as biochemical

and/or symptomatic hypocalcemia that resolved within 6
months after surgery, without the need for ongoing

calcium or active vitamin D supplementation thereafter.
Permanent hypocalcemia was defined as persistent

biochemical and/or symptomatic hypocalcemia requiring

continued oral calcium and/or active vitamin D
supplementation beyond 6 months after surgery.

Accidental parathyroid removal was defined as the
presence of parathyroid tissue identified in the pathology

report. Parathyroid autotransplantation was defined as

implantation of devascularized or suspected compromised
parathyroid tissue into the sternocleidomastoid muscle or

forearm.

3.5. Statistical Analysis

Statistical analyses were performed using SPSS version
26.0 (IBM Corp., Armonk, NY, USA). Continuous variables

are presented as mean ± standard deviation (SD), and
categorical variables as frequencies and percentages. Data

normality was assessed using histograms and the

Kolmogorov-Smirnov test. Group comparisons were
performed using one-way analysis of variance (ANOVA) for

continuous variables and the chi-square test for categorical
variables, with Bonferroni-adjusted post hoc comparisons

when appropriate. Because patients with incomplete

laboratory data or follow-up were excluded before analysis,
the final dataset contained no missing values, and

complete-case analysis was performed. Separate
multivariable logistic regression models were constructed

to identify independent predictors of transient and
permanent postoperative hypocalcemia, each using

patients without postoperative hypocalcemia as the

reference group. Variables with P < 0.10 in univariable
analyses or considered clinically relevant based on prior

evidence were entered into the multivariable models.
Multicollinearity among candidate predictors was assessed

using variance inflation factors (VIFs). VIF values ranged

from 2.33 to 3.71, indicating no evidence of problematic
multicollinearity according to the prespecified threshold

of VIF < 5. Because the participating hospitals were tertiary

referral centers located within the same city and operated

under highly standardized clinical pathways, including

shared endocrine surgeons, identical surgical protocols, a
unified EMR system, and comparable laboratory methods

using the same assay kits, substantial intercenter
variability was considered unlikely. Therefore, the hospital

center was not included as a separate covariate in the

multivariable analyses. Results are presented as adjusted
odds ratios (aORs) with 95% confidence intervals (CIs).

Model discrimination and calibration were evaluated
using the area under the receiver operating characteristic

curve (AUC) and the Hosmer-Lemeshow goodness-of-fit

test, respectively. All statistical tests were 2-sided, and P <
0.05 was considered statistically significant.

3.6. Ethical Considerations

The study protocol was approved by the Ethics

Committee of Shahid Sadoughi University of Medical
Sciences, Yazd (ethics code:

IR.SSU.MEDICINE.REC.1404.190). Given the retrospective
nature of the study and the absence of any therapeutic

intervention, informed consent was not required. All

patient data were anonymized and treated as strictly
confidential, and the information was used exclusively for

research purposes.

4. Results

4.1. Patient Characteristics

A total of 6,124 patients who underwent thyroid surgery

were included in the analysis. Of these, 4,368 (71.3%) had no
postoperative hypocalcemia, 1,578 (25.8%) developed

transient hypocalcemia, and 178 (2.9%) developed

permanent hypocalcemia. Patients with transient or
permanent hypocalcemia were slightly older than those

without hypocalcemia (mean age 43.1 ± 10.5 and 44.4 ± 12.0
years vs 42.0 ± 11.2 years, respectively). Pairwise

comparisons showed significant differences between the

no-hypocalcemia group and both the transient (P = 0.002)
and permanent hypocalcemia groups (P = 0.012), whereas

the difference between the transient and permanent
hypocalcemia groups was not significant (P = 0.30). Female

patients predominated in all groups (87.6%, 88.9%, and

90.4%, respectively), with a small but statistically
significant difference in sex distribution (P = 0.041).

Preoperative diagnoses differed significantly among
groups (P < 0.001). Benign disease was more common in

patients with transient hypocalcemia (62.2%), whereas

malignant and suspicious lesions were proportionally
more frequent in the permanent hypocalcemia group.

Among patients with thyroid malignancy, the distribution
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Table 1. Demographic, Clinical, and Perioperative Characteristics of Patients According to Calcium Status After Thyroid Surgery (N = 6124) a

Variables
No Hypocalcemia (n =

4368)
Transient Hypocalcemia (n =

1578)
Permanent Hypocalcemia (n =

178) P-Value

Age (y) b 42.0 ± 11.2 43.1 ± 10.5 44.4 ± 12.0 0.002 b; 0.012 c; 0.3

Female sex, % 87.6 88.9 90.4 0.041

Preoperative diagnosis < 0.001

Benign 2350 (53.8) 982 (62.2) 89 (50.0)

Malignant 1372 (31.4) 456 (28.9) 59 (33.1)

Suspicious 646 (14.8) 140 (8.9) 30 (16.9)

Type of thyroid cancer 0.92

Papillary 1029 (75.0) 346 (75.9) 44 (74.6)

Follicular 206 (15.0) 64 (14.0) 9 (15.3)

Medullary 69 (5.0) 23 (5.0) 3 (5.1)

Anaplastic/others 68 (5.0) 23 (5.1) 3 (5.0)

Total thyroidectomy 3462 (79.3) 1418 (89.9) 173 (97.2) < 0.001

Neck dissection 1180 (27.0) 698 (44.2) 112 (62.9) < 0.001

Intraoperative parathyroid identified 3112 (71.3) 1119 (70.9) 131 (73.6) 0.61

Parathyroid tissue on pathology report 523 (12.0) 190 (12.0) 49 (27.5) < 0.001

Calcium replacement (IV) 115 (2.6) 332 (21.0) 86 (48.3) < 0.001

Lowest postoperative calcium (mg/dL) b 8.4 ± 1.1 7.6 ± 0.6 7.0 ± 0.7 < 0.001

Degree of hypocalcemia during
admission < 0.001

Mild — 1096 (69.5) 78 (43.8)

Severe — 482 (30.5) 100 (56.2)

Length of hospital stay (days) b 2.1 ± 0.9 3.4 ± 1.2 4.6 ± 1.5
< 0.001 b; < 0.001 c; <

0.001 d

a Values are expressed as mean ± SD or No. (%) unless indicated. Groups were compared using one-way ANOVA for continuous variables and chi-square
tests for categorical variables. Abbreviations: ANOVA, analysis of variance; IV, intravenous; SD, standard deviation.

b Comparison between no hypocalcemia and transient hypocalcemia.

c Comparison between no hypocalcemia and permanent hypocalcemia.

d Comparison between transient hypocalcemia and permanent hypocalcemia.

of histological cancer types was similar across all groups (P

= 0.92) (Table 1).

4.2. Perioperative Findings

The extent of surgery differed significantly according to
postoperative calcium status. Total thyroidectomy was

performed in 79.3% of patients without hypocalcemia,

compared with 89.9% of those with transient hypocalcemia
and 97.2% of those with permanent hypocalcemia (P <

0.001). Similarly, central neck dissection was performed
with increasing frequency among patients without

hypocalcemia and those with transient and permanent

hypocalcemia (27.0%, 44.2%, and 62.9%, respectively; P <
0.001). The proportion of patients in whom parathyroid

glands were identified intraoperatively was similar across
groups (71.3%, 70.9%, and 73.6%; P = 0.61). However,

parathyroid tissue identified on final pathology was

significantly more common in patients with permanent
hypocalcemia (27.5%) than in those without hypocalcemia

or with transient hypocalcemia (both 12.0%; P < 0.001).

Intravenous calcium replacement was required in 2.6% of

patients without hypocalcemia, 21.0% of those with
transient hypocalcemia, and 48.3% of those with

permanent hypocalcemia (P < 0.001). The lowest
postoperative serum calcium level progressively decreased

across the three groups (8.4 ± 1.1, 7.6 ± 0.6, and 7.0 ± 0.7

mg/dL, respectively; P < 0.001). Severe hypocalcemia during
hospitalization occurred in 30.5% of patients with transient

hypocalcemia and 56.2% of those with permanent
hypocalcemia (P < 0.001). The mean length of hospital stay

also increased significantly with worsening hypocalcemia
severity (2.1 ± 0.9, 3.4 ± 1.2, and 4.6 ± 1.5 days, respectively; all

pairwise comparisons P < 0.001) (Table 1).

4.3. Preoperative and Intraoperative Predictors

Several preoperative biochemical variables were

significantly associated with postoperative hypocalcemia.
Mean preoperative calcium levels decreased progressively
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Table 2. Preoperative and Intraoperative Predictors of Transient and Permanent Hypocalcemia After Thyroid Surgery (N = 6124) a

Variables
No Hypocalcemia (n =

4368)
Transient Hypocalcemia (n =

1578)
Permanent Hypocalcemia (n =

178) P-Value

Preoperative factors

Preoperative calcium (mg/dL) b 9.3 ± 0.4 9.1 ± 0.5 8.9 ± 0.5
< 0.001 b; < 0.001 c; <

0.001 d

Vitamin D deficiency, unit (%) 18.9 29.4 41.6 < 0.001

Magnesium (mg/dL) b 2.03 ± 0.22 1.96 ± 0.24 1.88 ± 0.25
< 0.001 b; < 0.001 c; <

0.001 d

Intraoperative factors

Total thyroidectomy 79.3 89.9 97.2 < 0.001

Central neck dissection 27.0 44.2 62.9 < 0.001

Parathyroid glands visualized 71.3 70.9 73.6 0.61

Parathyroid autotransplantation 4.2 7.9 18.5 < 0.001

Accidental parathyroid removal 6.5 12.8 29.2 < 0.001

Parathyroid tissue on pathology
report 12.0 12.0 27.5 < 0.001

Surgeon experience < 50 thyroid
cases/year

22.3 33.8 48.9 < 0.001

Surgery duration (minutes) b 87 ± 22 102 ± 28 118 ± 35
< 0.001 b; < 0.001 c; <

0.001 d

Intraoperative complications 2.1 4.8 9.0 < 0.001

a Values are expressed as mean ± SD or No. (%) unless indicated. Abbreviation: SD, standard deviation.

b Comparison between no hypocalcemia and transient hypocalcemia.

c Comparison between no hypocalcemia and permanent hypocalcemia.

d Comparison between transient hypocalcemia and permanent hypocalcemia.

from patients without hypocalcemia to those with

transient and permanent hypocalcemia (9.3 ± 0.4, 9.1 ± 0.5,

and 8.9 ± 0.5 mg/dL, respectively; all pairwise comparisons
P < 0.001). Similarly, vitamin D deficiency became

increasingly prevalent across the three groups (18.9%,
29.4%, and 41.6%, respectively; P < 0.001). Mean preoperative

magnesium levels also declined significantly with

increasing hypocalcemia severity (2.03 ± 0.22, 1.96 ± 0.24,
and 1.88 ± 0.25 mg/dL; all pairwise comparisons P < 0.001).

Among intraoperative variables, total thyroidectomy,
central neck dissection, parathyroid autotransplantation,

accidental parathyroid removal, and parathyroid tissue

identified on pathology were all significantly more
frequent in patients with transient and permanent

hypocalcemia (all P < 0.001). Lower surgeon experience (<
50 thyroidectomies annually), longer operative duration,

and a higher incidence of intraoperative complications

were also significantly associated with increasing severity
of postoperative hypocalcemia (all P < 0.001). In contrast,

the rate of intraoperative visualization of the parathyroid
glands did not differ significantly among groups (P = 0.61)

(Table 2).

4.4. Multivariable Analysis

Separate multivariable logistic regression analyses were

performed to identify independent predictors of transient

and permanent postoperative hypocalcemia, using
patients without postoperative hypocalcemia as the

reference group (Table 3).

For transient hypocalcemia, lower preoperative serum

calcium levels (aOR 1.58 per 1 mg/dL decrease, 95% CI 1.38 -
1.89; P < 0.001), vitamin D deficiency (aOR 1.25, 95% CI 1.11 -

1.51; P = 0.008), central neck dissection (aOR 2.03, 95% CI 1.51
- 2.71; P < 0.001), accidental parathyroid removal (aOR 2.79,

95% CI 2.26 - 3.86; P < 0.001), parathyroid tissue identified on

final pathology (aOR 3.11, 95% CI 2.12 - 4.21; P < 0.001),
parathyroid autotransplantation (aOR 1.91, 95% CI 1.39 - 2.63;

P < 0.001), and lower immediate postoperative PTH levels
(aOR 2.44 per 10 pg/mL decrease, 95% CI 2.09 - 2.76; P <

0.001) were independently associated with increased odds

of transient postoperative hypocalcemia. The model
demonstrated acceptable discrimination, with an AUC of

0.77 (95% CI 0.72 - 0.82), and good calibration according to

the Hosmer-Lemeshow goodness-of-fit test (χ2 = 6.11, P =

0.57).

For permanent hypocalcemia, lower preoperative

serum calcium levels (aOR 1.46 per 1 mg/dL decrease, 95% CI
1.18 - 2.05; P = 0.005), vitamin D deficiency (aOR 1.45, 95% CI
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Table 3. Multivariable Logistic Regression Analyses for Predictors of Transient and Permanent Postoperative Hypocalcemia a

Variables
Transient Hypocalcemia Permanent Hypocalcemia

Adjusted OR 95% CI P-Value Adjusted OR 95% CI P-Value

Preoperative calcium (per 1 mg/dL decrease) 1.58 1.38 - 1.89 < 0.001 1.46 1.18 - 2.05 < 0.005

Vitamin D deficiency 1.25 1.11 - 1.51 0.008 1.45 1.30 - 1.98 0.001

Central neck dissection 2.03 1.51 - 2.71 < 0.001 2.27 1.68 - 2.72 < 0.001

Accidental parathyroid removal 2.79 2.26 - 3.86 < 0.001 3.08 2.35 - 4.11 < 0.001

Parathyroid tissue on pathology 3.11 2.12 - 4.21 < 0.001 3.67 2.52 - 4.91 < 0.001

Parathyroid autotransplantation 1.91 1.39 - 2.63 < 0.001 2.12 1.54 - 2.88 < 0.001

Immediate postoperative PTH (per 10 pg/mL decrease) 2.44 2.09 - 2.76 < 0.001 2.79 2.22 - 2.98 < 0.001

a Separate multivariable logistic regression analyses were performed to identify independent predictors of transient and permanent hypocalcemia,
each compared with patients without postoperative hypocalcemia. Results are presented as adjusted odds ratios (aORs) with 95% confidence intervals
(CIs). Abbreviations: OR, odds ratio; PTH, parathyroid hormone.

1.30 - 1.98; P = 0.001), central neck dissection (aOR 2.27, 95%

CI 1.68 - 2.72; P < 0.001), accidental parathyroid removal

(aOR 3.08, 95% CI 2.35 - 4.11; P < 0.001), parathyroid tissue
identified on final pathology (aOR 3.67, 95% CI 2.52 - 4.91; P <

0.001), parathyroid autotransplantation (aOR 2.12, 95% CI
1.54 - 2.88; P < 0.001), and lower immediate postoperative

PTH levels (aOR 2.79 per 10 pg/mL decrease, 95% CI 2.22 -

2.98; P < 0.001) were independently associated with
increased odds of permanent postoperative hypocalcemia.

Multicollinearity diagnostics demonstrated acceptable
collinearity among the variables included in the

multivariable models, with VIF values ranging from 2.33 to

3.71. The model demonstrated modest discrimination, with
an AUC of 0.63 (95% CI 0.55 - 0.71), and satisfactory

calibration according to the Hosmer-Lemeshow goodness-

of-fit test (χ2 = 3.14, P = 0.24).

5. Discussion

In this large multicenter cohort of 6,124 patients,
postoperative hypocalcemia occurred in 25.8% of patients

as transient hypocalcemia and in 2.9% as permanent
hypocalcemia. By analyzing these outcomes separately, this

study provided a comprehensive evaluation of factors
associated with postoperative calcium disturbances after

thyroid surgery. The observed incidences are consistent

with previous reports, despite differences in patient
populations, surgical indications, follow-up, and outcome

definitions (8, 11, 17, 18).

Lower preoperative serum calcium levels and vitamin D

deficiency were independently associated with both
transient and permanent hypocalcemia. These findings are

consistent with prior evidence suggesting that impaired
calcium homeostasis may reduce the physiological reserve

required to maintain normocalcemia following transient

postoperative parathyroid dysfunction (12, 19). Similarly,

Qin et al. and Qi et al. reported that vitamin D deficiency

significantly increases the risk of postoperative

hypocalcemia after thyroid surgery (12, 19). Collectively,
these findings suggest that assessment and optimization of

preoperative calcium and vitamin D status may support
perioperative risk stratification and postoperative

management, particularly in patients undergoing

extensive thyroid surgery.

Although older patients more frequently developed
hypocalcemia in univariable analyses, age was not

independently associated with either transient or

permanent hypocalcemia after adjustment. This finding
differs from that of Qin et al., who reported a higher risk

among younger patients (12), suggesting that age alone is
unlikely to be a reliable predictor and that differences in

study populations may explain these discrepancies.

Operative factors also contributed substantially to

postoperative hypocalcemia. Central neck dissection
remained an independent predictor of both transient (aOR

2.03) and permanent hypocalcemia (aOR 2.27), consistent

with previous studies demonstrating an increased risk of
parathyroid devascularization or inadvertent injury during

central compartment dissection (12, 17, 20).

Parathyroid-related operative variables were among the

strongest predictors. Accidental parathyroid removal,
parathyroid autotransplantation, and identification of

parathyroid tissue in the pathology specimen were
independently associated with both transient and

permanent hypocalcemia. The presence of parathyroid

tissue on pathology showed one of the strongest
associations with both outcomes, emphasizing that

preservation of parathyroid gland integrity and vascular
supply remains critical for maintaining postoperative

calcium homeostasis (12, 20). Although parathyroid

autotransplantation remained an independent predictor
of postoperative hypocalcemia, the observed association
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likely reflects the severity of intraoperative parathyroid

compromise rather than a direct causal effect of the

procedure itself.

Longer operative duration and lower surgeon volume
were associated with hypocalcemia in univariable analyses

but not after adjustment, suggesting that their effects were

largely explained by operative complexity and parathyroid-
related injury.

Immediate postoperative PTH was one of the strongest

independent predictors of both transient and permanent

hypocalcemia. Lower postoperative PTH levels were
associated with significantly increased odds of both

outcomes, consistent with previous studies demonstrating
that early postoperative PTH may serve as a marker of

residual parathyroid function (2, 12). Because PTH can be

measured within hours after surgery, it may serve as a
practical biomarker for identifying patients who may

benefit from closer biochemical monitoring and early
calcium and vitamin D supplementation.

Although preoperative magnesium levels were lower
among patients who developed hypocalcemia, magnesium

was not independently associated with either outcome
after adjustment. This finding is biologically plausible

given magnesium's role in parathyroid hormone secretion

and calcium regulation, although its independent
predictive value remains uncertain (2, 14).

The prediction models demonstrated acceptable

discrimination for transient hypocalcemia (AUC 0.77) but

only modest performance for permanent hypocalcemia
(AUC 0.63). This likely reflects the multifactorial nature of

permanent hypoparathyroidism and the relatively small
number of affected patients. Additional intraoperative

assessments and serial postoperative biochemical

measurements may improve future prediction models.

From a clinical perspective, these findings suggest that
these routinely available variables may facilitate early

postoperative risk stratification, enabling more

individualized monitoring, timely calcium and vitamin D
supplementation, and optimized discharge planning.

Patients who developed hypocalcemia also experienced
longer hospital stays and more frequent intravenous

calcium administration, underscoring the clinical burden

of this complication and supporting risk-stratified
postoperative management (21).

The strengths of this study include its large multicenter

design, a comprehensive perioperative dataset,

standardized outcome definitions, and separate
multivariable analyses for transient and permanent

hypocalcemia, providing clinically relevant insight into
the distinct predictors of each condition.

5.1. Study Limitations

Limitations include the retrospective observational
design, the potential for residual confounding, possible

selection bias resulting from the exclusion of patients with
incomplete data, and only modest predictive performance

for permanent hypocalcemia. Future prospective

multicenter studies incorporating standardized
intraoperative assessment and serial postoperative

biochemical measurements are warranted to further refine
prediction models.

Overall, postoperative hypocalcemia after thyroid
surgery is a multifactorial complication influenced by both

preoperative calcium homeostasis and intraoperative
preservation of parathyroid function. Lower preoperative

calcium, vitamin D deficiency, central neck dissection,

parathyroid-related injury, and reduced immediate
postoperative PTH were independently associated with

both transient and permanent hypocalcemia. These
routinely available clinical and biochemical parameters,

particularly early postoperative PTH, may facilitate early

risk stratification and support individualized
postoperative management.

5.2. Conclusions

In this large multicenter cohort, transient and

permanent hypocalcemia were common complications
following thyroid surgery and were associated with several

shared preoperative biochemical and operative risk
factors. Separate multivariable analyses demonstrated that

lower preoperative calcium, vitamin D deficiency, central

neck dissection, parathyroid-related operative factors, and
lower immediate postoperative PTH levels were

independent predictors of both transient and permanent
hypocalcemia. Immediate postoperative PTH remains a

valuable tool for early postoperative risk stratification,

while meticulous parathyroid preservation and
optimization of preoperative biochemical status may help

reduce the burden of postoperative hypocalcemia.

Acknowledgements

The authors would like to sincerely thank the staff of

Shahid Sadoughi Hospital for their assistance in data
retrieval and support during the conduct of this study.

Footnotes

AI Use Disclosure: ChatGPT was used for translation in

the abstract section at a minor level.

https://brieflands.com/journals/ijcm/articles/171481


Mohammadifard M et al. Brieflands

Int J Cancer Manag. 2026; 19(1): e171481 8

Authors' Contribution: Data Extraction, Data Analysis,

Literature Review, and Manuscript Drafting: M. M.; Data

Collection: Z. A., A. A., and A. M.; Study Conception and
Design, Study Supervision, Data Interpretation,

Manuscript Editing, and Final Approval: R. A.; All authors
read and approved the final manuscript and agreed to be

accountable for all aspects of the work.

Conflict of Interests Statement: The authors declare that
they have no conflicts of interest related to this study.

Data Availability: The dataset presented in the study is

available on request from the corresponding author

during submission or after publication.

Ethical Approval: Ethics Approval and Consent to

Participate: The study protocol was approved by the Ethics

Committee of Shahid Sadoughi University of Medical
Sciences, Yazd (ethics code:

IR.SSU.MEDICINE.REC.1404.190).

Funding/Support: This research received no specific
grant from any funding agency in the public, commercial,

or not-for-profit sectors.

Informed Consent: Given the retrospective nature of the
study and the lack of any therapeutic intervention,

informed consent was not required. All patient data were

anonymized and treated as strictly confidential, and the
information was used exclusively for research purposes.

References

1. Christou N, Mathonnet M. Complications after total thyroidectomy. J

Visc Surg. 2013;150(4):249-56. [PubMed ID: 23746996]. [PubMed Central

ID: PMC11455235]. https://doi.org/10.1016/j.jviscsurg.2013.04.003.

2. Ali IM, Sharma S, Shetty V. The Impact of Thyroid Surgery on Calcium

and Magnesium Homeostasis: A Prospective Study. Cureus.

2024;16(8). e67100. [PubMed ID: 39290937]. [PubMed Central ID:

PMC11407761]. https://doi.org/10.7759/cureus.67100.

3. Ghanbari V, Niroumand S, Rahmanipour E, Alamdaran SA. Central

Neck Ultrasound: A Single-Center Experience of Its Diagnostic

Accuracy After Thyroidectomy in Patients with Thyroid Cancer. Int J

Cancer Manag. 2024;17(1). e147670. https://doi.org/10.5812/ijcm-147670.

4. Alalawi H, Alharbi AF, Alsayid H, Merdad M, Rammal A, Algarni MA, et

al. Age-Related Trends of Thyroidectomies in Saudi Arabia: A

Multicenter Retrospective Study. Ear Nose Throat J. 2024.

1455613241275330. [PubMed ID: 39264137].

https://doi.org/10.1177/01455613241275331.

5. Caglià P, Puglisi S, Buffone A, Bianco SL, Okatyeva V, Veroux M, et al.

Post-thyroidectomy hypoparathyroidism, what should we keep in

mind? Ann Ital Chir. 2017;88(5):371-381. [PubMed ID: 29197191].

6. Do KN, Duong PT, Phung TL, Duong YT, Hoang GT, Le HT. Predictors of

Postoperative Hypocalcemia and Hypoparathyroidism Following

Thyroidectomy in Hanoi, Vietnam. International Journal of

Endocrinology and Metabolism. 2024;22(2). e146358. [PubMed ID:

40071247]. [PubMed Central ID: PMC11892512].

https://doi.org/10.5812/ijem-146358.

7. Frey S, Van Den Heede K, Triponez F, Bizard JP, Godiris-Petit G, Pattou

F. Prevention of hypocalcemia and hypoparathyroidism after total

thyroidectomy. Recommendations of the Francophone Association

of Endocrine Surgery (AFCE) with the French Society of

Endocrinology (SFE) and the French Society of Nuclear Medicine

(SFMN). J Visc Surg. 2023;160(3s):S95-s109. [PubMed ID: 37211443].

https://doi.org/10.1016/j.jviscsurg.2023.05.004.

8. Karunakaran P, Abraham D, Devadas G, Hussain Z, Kanakasabapathi

R. The Effect of Hypomagnesemia on Refractory Hypocalcemia after

Total Thyroidectomy: A Single-Center Prospective Cohort Study.

Indian J Endocrinol Metab. 2020;24(6):518-24. [PubMed ID: 33643868].

[PubMed Central ID: PMC7906105].

https://doi.org/10.4103/ijem.IJEM_681_20.

9. Kasmirski JA, Allahwasaya A, Wu C, Song Z, Akhund R, Balachandra S,

et al. Does Parathyroid Autotransplantation Prevent

Hypoparathyroidism after Thyroid Surgery? Ann Surg.

2025;283(6):979-985. [PubMed ID: 39811957]. [PubMed Central ID:

PMC12276954]. https://doi.org/10.1097/SLA.0000000000006631.

10. Koimtzis GD, Stefanopoulos L, Giannoulis K, Papavramidis TS. What

are the real rates of temporary hypoparathyroidism following

thyroidectomy? It is a matter of definition: a systematic review.

Endocrine. 2021;73(1):1-7. [PubMed ID: 33651345].

https://doi.org/10.1007/s12020-021-02663-8.

11. Lu D, Pan B, Tang E, Yin S, Sun Y, Yuan Y, et al. Intraoperative strategies

in identification and functional protection of parathyroid glands for

patients with thyroidectomy: a systematic review and network

meta-analysis. Int J Surg. 2024;110(3):1723-34. [PubMed ID: 38079585].

[PubMed Central ID: PMC10942249].

https://doi.org/10.1097/JS9.0000000000000991.

12. Qin Y, Sun W, Wang Z, Dong W, He L, Zhang T, et al. A Meta-Analysis of

Risk Factors for Transient and Permanent Hypocalcemia After Total

Thyroidectomy. Front Oncol. 2020;10. 614089. [PubMed ID: 33718114].

[PubMed Central ID: PMC7943836].

https://doi.org/10.3389/fonc.2020.614089.

13. Arer IM, Kus M, Akkapulu N, Aytac HO, Yabanoglu H, Caliskan K, et al.

Prophylactic oral calcium supplementation therapy to prevent early

post thyroidectomy hypocalcemia and evaluation of postoperative

parathyroid hormone levels to detect hypocalcemia: A prospective

randomized study. Int J Surg. 2017;38:9-14. [PubMed ID: 28039060].

https://doi.org/10.1016/j.ijsu.2016.12.041.

14. Cherian AJ, Gowri M, Ramakant P, Paul TV, Abraham DT, Paul MJ. The

Role of Magnesium in Post-thyroidectomy Hypocalcemia. World J

Surg. 2016;40(4):881-8. [PubMed ID: 26578317].

https://doi.org/10.1007/s00268-015-3347-3.

15. Moreno-Llorente P, Pascua-Solé M, García-Barrasa A, Muñoz-de-Nova

JL. Indocyanine green (ICG) angiography-guided thyroidectomy:

description of surgical technique. Front Surg. 2023;10. 1217764.

[PubMed ID: 37529659]. [PubMed Central ID: PMC10388241].

https://doi.org/10.3389/fsurg.2023.1217764.

16. Amouzegar A, Tarighat-Payma M, Masoumi S, Amirabadizadeh A,

Abdi H, Azizi F, et al. Thyroid Hormones and Metabolic Syndrome: A

Narrative Review of Findings from 18 Years of Follow-up in Tehran

Thyroid Study (TTS). Int J Endocrinol Metab. 2026;24(3). e168079.

[PubMed ID: 42158209]. [PubMed Central ID: PMC13182278].

https://doi.org/10.5812/ijem-168079.

17. Chen Z, Zhao Q, Du J, Wang Y, Han R, Xu C, et al. Risk factors for

postoperative hypocalcaemia after thyroidectomy: A systematic

review and meta-analysis. J Int Med Res. 2021;49(3). 300060521996911.

[PubMed ID: 33779362]. [PubMed Central ID: PMC8010841].

https://doi.org/10.1177/0300060521996911.

18. Xing T, Hu Y, Wang B, Zhu J. Role of oral calcium supplementation

alone or with vitamin D in preventing post-thyroidectomy

hypocalcaemia: A meta-analysis. Medicine (Baltimore). 2019;98(8).

https://brieflands.com/journals/ijcm/articles/171481
http://www.ncbi.nlm.nih.gov/pubmed/23746996
https://www.ncbi.nlm.nih.gov/pmc/PMC11455235
https://doi.org/10.1016/j.jviscsurg.2013.04.003
http://www.ncbi.nlm.nih.gov/pubmed/39290937
https://www.ncbi.nlm.nih.gov/pmc/PMC11407761
https://doi.org/10.7759/cureus.67100
https://doi.org/10.5812/ijcm-147670
http://www.ncbi.nlm.nih.gov/pubmed/39264137
https://doi.org/10.1177/01455613241275331
http://www.ncbi.nlm.nih.gov/pubmed/29197191
http://www.ncbi.nlm.nih.gov/pubmed/40071247
https://www.ncbi.nlm.nih.gov/pmc/PMC11892512
https://doi.org/10.5812/ijem-146358
http://www.ncbi.nlm.nih.gov/pubmed/37211443
https://doi.org/10.1016/j.jviscsurg.2023.05.004
http://www.ncbi.nlm.nih.gov/pubmed/33643868
https://www.ncbi.nlm.nih.gov/pmc/PMC7906105
https://doi.org/10.4103/ijem.IJEM_681_20
http://www.ncbi.nlm.nih.gov/pubmed/39811957
https://www.ncbi.nlm.nih.gov/pmc/PMC12276954
https://doi.org/10.1097/SLA.0000000000006631
http://www.ncbi.nlm.nih.gov/pubmed/33651345
https://doi.org/10.1007/s12020-021-02663-8
http://www.ncbi.nlm.nih.gov/pubmed/38079585
https://www.ncbi.nlm.nih.gov/pmc/PMC10942249
https://doi.org/10.1097/JS9.0000000000000991
http://www.ncbi.nlm.nih.gov/pubmed/33718114
https://www.ncbi.nlm.nih.gov/pmc/PMC7943836
https://doi.org/10.3389/fonc.2020.614089
http://www.ncbi.nlm.nih.gov/pubmed/28039060
https://doi.org/10.1016/j.ijsu.2016.12.041
http://www.ncbi.nlm.nih.gov/pubmed/26578317
https://doi.org/10.1007/s00268-015-3347-3
http://www.ncbi.nlm.nih.gov/pubmed/37529659
https://www.ncbi.nlm.nih.gov/pmc/PMC10388241
https://doi.org/10.3389/fsurg.2023.1217764
http://www.ncbi.nlm.nih.gov/pubmed/42158209
https://www.ncbi.nlm.nih.gov/pmc/PMC13182278
https://doi.org/10.5812/ijem-168079
http://www.ncbi.nlm.nih.gov/pubmed/33779362
https://www.ncbi.nlm.nih.gov/pmc/PMC8010841
https://doi.org/10.1177/0300060521996911


Mohammadifard M et al. Brieflands

9 Int J Cancer Manag. 2026; 19(1): e171481

e14455. [PubMed ID: 30813146]. [PubMed Central ID: PMC6407934].

https://doi.org/10.1097/MD.0000000000014455.

19. Qi Y, Chai J, Zhang L, Chen Y. Preoperative vitamin D level is

significantly associated with hypocalcemia after total

thyroidectomy. BMC Musculoskelet Disord. 2022;23(1). 1118. [PubMed

ID: 36550431]. [PubMed Central ID: PMC9773437].

https://doi.org/10.1186/s12891-022-05977-4.

20. Lalitha JJ, Ramalingam N, Rajan R, Riju J, Paulose AA, Michael RC, et

al. Predictors of hypocalcaemia and hypoparathyroidism in patients

undergoing thyroidectomy for benign and malignant pathologies.

Endocr Oncol. 2024;4(1). e240022. [PubMed ID: 39649119]. [PubMed

Central ID: PMC11623251]. https://doi.org/10.1530/EO-24-0022.

21. Staubitz-Vernazza JI, Lederer AK, Bouzakri N, Lozan O, Wild F,

Musholt TJ. Calcium and vitamin D substitution for

hypoparathyroidism after thyroidectomy - how is it continued after

discharge from hospital? Langenbecks Arch Surg. 2024;409(1). 373.

[PubMed ID: 39636417]. [PubMed Central ID: PMC11621183].

https://doi.org/10.1007/s00423-024-03556-w.

https://brieflands.com/journals/ijcm/articles/171481
http://www.ncbi.nlm.nih.gov/pubmed/30813146
https://www.ncbi.nlm.nih.gov/pmc/PMC6407934
https://doi.org/10.1097/MD.0000000000014455
http://www.ncbi.nlm.nih.gov/pubmed/36550431
https://www.ncbi.nlm.nih.gov/pmc/PMC9773437
https://doi.org/10.1186/s12891-022-05977-4
http://www.ncbi.nlm.nih.gov/pubmed/39649119
https://www.ncbi.nlm.nih.gov/pmc/PMC11623251
https://doi.org/10.1530/EO-24-0022
http://www.ncbi.nlm.nih.gov/pubmed/39636417
https://www.ncbi.nlm.nih.gov/pmc/PMC11621183
https://doi.org/10.1007/s00423-024-03556-w

