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Efficacy of Distinct Calcium Supplementation
Strategies in Preventing Symptomatic Hypocalcemia
after Thyroidectomy: A Systematic Review and
Meta-Analysis

ABSTRACT

Symptomatic hypocalcemia commonly occurs after thyroidectomy, and there is ongoing debate
over the relative benefits of different prophylactic calcium supplementing methods. This systematic
review and meta-analysis assessed the efficacy of various postoperative calcium regimens in pre-
venting symptomatic hypocalcemia. A search of several databases was conducted up to November
2025 for studies, and the main outcome was the incidence of symptomatic hypocalcemia. Pairwise
meta-analyses were conducted using random-effects models. Ten studies involving 1996 patients
were included. Compared to control, both oral calcium alone (OR 0.41, 95% Cl 0.16-1.07) and oral
calcium combined with vitamin D (OR 0.16, 95% Cl 0.09-0.32) significantly reduced the risk. The com-
bined regimen was superior to calcium alone (OR 0.35, 95% Cl 0.15-0.83). Prophylactic intravenous
calcium infusion demonstrated the strongest protective effect (OR 0.23, 95% Cl 0.12-0.44). In conclu-
sion, short-term prophylactic calcium supplementation (oral for 1-2 weeks, or intravenous as a single
dose or for 3-5 days) effectively reduces the risk of transient symptomatic hypocalcemia after thyroid-
ectomy, with a clear efficacy hierarchy: intravenous calcium is most effective, followed by oral cal-
cium combined with vitamin D (calcitriol or alfacalcidol), then oral calcium alone. Although dosages
(elemental calcium 1000-3000 mg/day) and timing of initiation varied across studies, the evidence
supports a risk-stratified approach to individualized calcium prophylaxis.
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Introduction

Thyroidectomy is a main treatment for thyroid cancer and benign thyroid disorders, such as
large multinodular goiters, substernal goiters, and Graves’ disease.! Total thyroidectomy is
common for thyroid cancer. For benign disease, the extent of resection depends on the con-
dition. Central neck dissection is for thyroid cancer patients with lymph node involvement
and is not done if there is no nodal metastasis. A common complication after the procedure
is post-thyroidectomy hypocalcemia.? Symptoms can range from paresthesia and muscle
cramps to severe cases, such as carpopedal spasm. These symptoms affect recovery and qual-
ity of life, requiring urgent biochemical monitoring and intervention. This may lead to longer
hospital stays and greater healthcare use.??

To mitigate this risk, several perioperative supplementation strategies are used. In clinical
practice, the main approaches are 1) routine postoperative oral calcium alone, 2) routine oral
calcium plus vitamin D (or its active metabolites), and 3) prophylactic or early intravenous
calcium infusion.*? Supplementation is often initiated only after biochemical deficiency or
symptom onset (the “selective” or “on-demand” approach), which is used as a control in clini-
cal studies.®

These regimens have been evaluated by multiple randomized controlled trials (RCTs), but
their relative effectiveness remains debatable. Previous meta-analyses were insightful but
limited; they relied solely on general pairwise comparisons or combined definitions of hypo-
calcemia, which may have obscured key clinical outcomes. A clear, direct comparison of 4
critical clinical scenarios is lacking: (a) oral calcium versus control (selective/no routine sup-
plementation), (b) oral calcium plus vitamin D versus control, (c) oral calcium plus vitamin D
versus oral calcium alone, and (d) intravenous calcium infusion versus control.? To minimize
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heterogeneity and align with patient-centered outcomes, it is crucial
to focus on symptomatic hypocalcemia as a unified endpoint.

This lack of direct evidence hampers clinicians in selecting precise,
evidence-based prophylactic regimens for individual thyroidectomy
patients.

This systematic review and meta-analysis will pool evidence compar-
ing 4 supplementation strategies for preventing post-thyroidectomy
symptoms of low blood calcium. Using rigorous methods and a
focused endpoint, the study aims to provide clear efficacy data to
guide postoperative management and improve patient care.

Materials and Methods

Search Strategy

Athorough search of 5 electronic databases was conducted: PubMed,
Embase, Cochrane Central Register of Controlled Trials (CENTRAL),
Web of Science, and China National Knowledge Infrastructure. The
search period was from the database’s start date until November
1, 2025, and no language restriction was initially applied. The
search strategy was constructed based on the PICO (Population,
Intervention, Comparison, Outcome) framework to ensure compre-
hensiveness.® It used a combination of controlled vocabulary terms
(e.g., Medical Subject Headings [MeSH] in PubMed and Emtree terms
in Embase) and free-text keywords. Key concepts included terms for
the surgical procedure (e.g., “thyroidectomy”), the interventions of
interest (e.g., “calcium,” “vitamin D,” “calcitriol,” “supplementation,”
“prophylaxis”), and the target outcome (“hypocalcemia”). The com-
plete, database-specific search syntax for each repository is detailed

MAIN POINTS

« This study synthesizes evidence from 10 studies to system-
atically compare the efficacy of 4r key postoperative calcium
supplementation strategies in preventing symptomatic hypo-
calcemia after thyroidectomy.

« The analysis demonstrates that all examined calcium supple-
mentation regimens—prophylactic intravenous calcium, oral
calcium combined with vitamin D, and oral calcium alone—are
effective in reducing the risk of symptomatic hypocalcemia
compared to no routine supplementation, establishing a clear
hierarchy of efficacy: prophylactic intravenous calcium exhibits
the strongest effect, followed by oral calcium combined with
vitamin D, while oral calcium alone confers a measurable, albeit
comparatively modest, benefit.

- The addition of active vitamin D (calcitriol or alfacalcidol, at
doses ranging from 1 to 2 pg/day) to oral calcium significantly
enhances its protective effect against symptomatic hypocalce-
mia.The combined regimen is superior to calcium alone, provid-
ing direct evidence for optimizing oral prophylactic strategies.

« The findings support adopting a risk-stratified approach in
clinical practice, suggesting the selection of calcium supple-
mentation regimens with varying potency based on factors like
surgical extent and patient risk, rather than a “one-size-fits-all”
or purely reactive management.

- By focusing on the patient-centered endpoint of “symptom-
atic hypocalcemia” and employing rigorous meta-analysis, this
study provides clear, actionable evidence-based recommenda-
tions with a graded hierarchy for postoperative management.
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in Supplementary Table 1. To reduce the risk of omitting relevant
research, manual checks were conducted across all reference lists
of included studies and related prior reviews to identify additional
suitable publications. The design and reporting of this study strictly
follow the Preferred Reporting Items for Systematic Reviews and
Meta-analyses guidelines. The completed PRISMA checklist is given
as Supplementary Table 2.

Population, Interventions, and Outcomes
This meta-analysis is a compilation of previous research studies; it
does not require ethics board approval.

Inclusion Criteria
Studies meeting all the following criteria were included:

Study Design: Published or unpublished RCTs or high-quality pro-
spective studies.

Population: Adult patients (=18 years) undergoing total thyroidec-
tomy or completion thyroidectomy, with or without central neck dis-
section, for any benign or malignant thyroid pathology.

Interventions and Comparators: Trials directly comparing one of the
following 4 pairs of perioperative management strategies for hypo-
calcemia prevention:

Pair 1: Routine postoperative oral calcium supplementation versus
control (selective/no routine supplementation).

Pair 2: Routine postoperative oral calcium combined with vitamin D
(or its active metabolites) versus control.

Pair 3: Routine postoperative oral calcium combined with vitamin D
versus routine oral calcium supplementation alone.

Pair 4: Prophylactic or early postoperative intravenous calcium infu-
sion versus control.

Outcome: Reported the incidence of symptomatic hypocalcemia,
defined as the presence of hypocalcemia-related clinical symptoms
(e.g., perioral or acral paresthesia, muscle cramps, positive Chvostek's
or Trousseau's sign) with biochemical confirmation (serum calcium
below the normal range), within the postoperative follow-up period.

Exclusion Criteria
If they were excluded for any of these criteria: case reports, reviews,
editorials, conference abstracts without full data.

Trials that included routine preoperative calcium or vitamin D sup-
plementation, as the focus is on postoperative prophylaxis.

Trials in which patients received concomitant medications known
to significantly affect calcium metabolism (e.g., bisphosphonates,
denosumab, corticosteroids, loop diuretics) were not evenly distrib-
uted across comparison groups.

Trials involving patients with pre-existing chronic kidney disease,
hyperparathyroidism, or other metabolic bone diseases that inde-
pendently alter calcium homeostasis.

Studies for which the full text was unavailable after an exhaustive
search and contact with the authors.

Two investigators separately filtered the titles, abstracts, and full
texts according to these standards. Any disagreement was resolved
through discussion, and if unresolved, it was brought to a third
researcher.
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Data Extraction and Outcomes

The primary outcome for all comparisons was the incidence of post-
operative symptomatic hypocalcemia, as defined above. This uni-
fied endpoint was chosen a priori to minimize heterogeneity and
to reflect the patient-centered clinical significance of hypocalcemia.
Secondary outcomes included, where reported: the need for intrave-
nous calcium rescue due to severe or persistent symptoms, and the
incidence of permanent hypocalcemia (typically defined as requir-
ing supplementation beyond 6 or 12 months postoperatively). Study
characteristics, patient demographics, interventions (type, dose,
duration), and outcome events were independently extracted by 2
authors using a standard form.

The quality of each individual study was assessed with the updated
Cochrane Risk of Bias tool for randomized trials (RoB 2).” The overall
strength of evidence for all major outcomes will be assessed using
the GRADE approach.?

Statistical Analysis

Data Extraction and Risk of Bias Assessment: Independently
conducted by 2 examiners using a pre-established format to
extract study characteristics, patient demographics, details of
the interventions, including type, dose, and duration, as well as
outcomes (event numbers for symptomatic hypocalcemia, etc.).
Discrepancies were resolved by discussion or with a third
reviewer.

Endocrinol Res Pract. 2026;30(3):195-205

The Cochrane RoB 2.0 was used in RevMan 5.4 to examine each
included study for bias across 5 domains: randomization procedure,
deviation from intended interventions, missing outcome data, out-
come measurement, and selective reporting. Results are presented
in both summary and graphical form.

To assess the robustness of the pooled estimates, sensitivity analyses
were performed for all primary comparisons using the leave-one-
out method to examine the influence of individual studies on the
pooled effect size and heterogeneity. Publication bias was assessed
using funnel plots; however, as each comparison included fewer
than 10 studies, formal tests for funnel plot asymmetry were not per-
formed in accordance with Cochrane Handbook recommendations,
and only exploratory funnel plots were generated for reference.

Statistical Synthesis Methods: Effect Measures and Model: All
analyses were conducted in Stata 17.0 for dichotomous outcomes,
and the odds ratio with 95% Cl was used as the effect measure. The
random-effects model is used in the main data synthesis because of
clinical heterogeneity. All analyses were conducted in Stata 17.0 for
dichotomous outcomes, and the odds ratio with 95% Cl was used as
the effect measure. A random-effects model was used in the main
data synthesis due to clinical heterogeneity.

Heterogeneity Assessment: The statistical heterogeneity of the stud-
ies was assessed using the Cochrane’s Q test (¢=0.10) and /* statistics.
The I? value quantifies the amount of variation.

E Records identified through Additional records identified
o database searching (n=10682) through other sources (n=0)
=}
= I |
=h
: ¢
=8
. .
9 Records after duplicates removed (n=10014) > BoSplIcHS feacHisweRR
= removed

Y

Records screened (n=10014)
w2
o
@
(0] »  Records excluded (n=9894)
E :
R Y
Full-text articles assessed for eligibility (n=120)

Full-text articles excluded, with
es] reasons not comparative studies
= »|(n=80)

GS . written in language other than
g: English or Chinese (n=2)
=
Y
After further screening, 38 articles were retained.

After full-text review, 27 articles
’:—‘ were  excluded due to
(<) . |interventions not meeting the
E " |inclusion criteria, and 1 article
o was excluded due to outcomes
8_ not meeting the criteria.

Y

10 studies were ultimately included in the meta-analysis.

Figure 1. PRISMA flow diagram of the study selection process.
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Results

Search Results

The systematic search of the electronic databases initially returned
10582 records. Therefore, 10 studies met all the inclusion criteria
and were ultimately included in the final quantitative synthesis. The
detailed process of study selection is shown in the PRISMA flow dia-
gram (Figure 1). Risk of bias assessment of the 10 included studies is
shown in Figures 2 and 3.

Characteristics of Included Studies

This analysis included 10 studies (2002-2024, Table 1) with 1996
patients. The population was predominantly female with mixed
benign/malignant disease. Studies compared 4 strategies: oral cal-
cium, oral calcium + vitamin D, their direct comparison, and IV calcium
vs. control. The primary endpoint was symptomatic hypocalcemia.

Results of Meta-Analysis

Comparison 1: Oral Calcium Supplementation versus Control: Three
RCTs were included in this comparison. Interventions: Bellantone®
administered oral calcium 3 g/day from postoperative day 1; Roh'
gave oral calcium (Korea United Pharmaceutical Co.; calcium salt not
specified) 3 g/day from the night of surgery for 14 days; Ravikumar®
provided calcium carbonate (elemental calcium 2000 mg/day)
starting 6 hours postoperatively. All control groups received no
routine supplementation.

Pooled analysis using a random-effects model showed that routine
oral calcium reduced the odds of symptomatic hypocalcemia by 59%,
but the result was not statistically significant (OR=0.41, 95% Cl 0.16-
1.07; Figure 4A), with moderate heterogeneity (= 52.7%). Sensitivity
analysis (Figure 4B) revealed that after excluding Ravikumar et al., the
pooled effect became significant, indicating that this study attenuated
the overall significance. Formal testing for funnel plot asymmetry was
not possible because fewer than 10 studies were available for analysis;
an exploratory funnel plot (Figure 4C) showed approximate symmetry.

Comparison 2: Oral Calcium Plus Vitamin D Supplementation vs.
Control: Five RCTs were included in this comparison. Bellantone®
administered oral calcium 3 g/day from postoperative day 1 (calcium
salt not specified); both Roh'™ and Roh'' employed oral calcium at 3
g/day in 3 divided doses. Ravikumar® provided calcium carbonate
(elemental calcium 2000 mg/day) starting 6 hours postoperatively.
Jaan'2 gave calcium carbonate at an elemental calcium dose of 2000
mg/day in 4 divided doses. All control groups received no routine
supplementation.

Pooled analysis using a random-effects model demonstrated that
oral calcium plus vitamin D significantly reduced the risk of symp-
tomatic hypocalcemia compared with control (OR=0.16,95% Cl 0.09-
0.32), with no heterogeneity (1?=0%, P = .883; Figure 5A). Sensitivity
analysis (Figure 5B) using the leave-one-out method showed that
the pooled effect remained statistically significant after excluding
any single study, indicating robust findings. Formal testing for funnel
plot asymmetry was not possible because fewer than 10 studies were
available for analysis; an exploratory funnel plot (Figure 5C) showed
approximate symmetry.

Comparison 3: Combined Oral Calcium and Vitamin D vs. Calcium
Alone: Four RCTs were included in this comparison. Bellantone’®
administered oral calcium 3 g/day from postoperative day 1 (calcium

198/ENDOCR\NOLOGY RESEARCH AND

Jin et al. Calcium Supplementation After Thyroidectomy

salt not specified); Roh™ employed oral calcium at 3 g/day in 3
divided doses. Ravikumar® provided calcium carbonate (elemental
calcium 2000 mg/day) starting 6 hours postoperatively. Tartaglia'®
used calcium salts (dose not specified) 3 times daily.

Random-effects meta-analysis demonstrated that the addition of
active vitamin D (calcitriol or alfacalcidol at doses of 1-2 pg/day for
5-14 days) to oral calcium significantly reduced the risk of symp-
tomatic hypocalcemia compared with calcium alone (OR=0.35,
95% Cl 0.15-0.83), with no evidence of heterogeneity across studies
(P=18.6%, P=.298; Figure 6A). Sensitivity analysis (Figure 6B) using
the leave-one-out method showed that the pooled effect remained
statistically significant after excluding any single study, indicating
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Figure 2. Risk of bias summary: authors’ judgments about each
risk of bias item for each included study.
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Figure 3. Risk of bias graph: review authors’ judgments about eachrisk of bias item presented as percentages across allincluded

studies.

robust findings. Formal testing for funnel plot asymmetry was not
possible because fewer than 10 studies were available for analysis; an
exploratory funnel plot (Figure 6C) showed approximate symmetry.

Comparison 4: Intravenous Calcium Infusion vs. Control: Four studies
were included in this comparison. Uruno' administered a single
intravenous calcium infusion of 78-156 mg at 3-8 hours
postoperatively; Cheng'® gave intravenous calcium gluconate 6 g/
day immediately after surgery, continuing for 3-5 days based on PTH
levels; Lin' used the same regimen of intravenous calcium gluconate
6 g/day for 3-5 days; Khoo'’” provided a single intravenous calcium
gluconate 1 g infusion within 4 hours postoperatively. All 4 studies
employed early postoperative prophylactic intravenous calcium
supplementation, although the timing and duration varied across
studies.

Pooled analysis using a random-effects model demonstrated that
prophylactic intravenous calcium infusion significantly reduced the
risk of symptomatic hypocalcemia compared with control (OR=0.23,
95% Cl 0.12-0.44), with no heterogeneity (I1>=0%, P=.998; Figure 7A).
Sensitivity analysis (Figure 7B) using the leave-one-out method
showed that the pooled effect remained statistically significant after
excluding any single study, indicating robust findings. Formal funnel
plot asymmetry testing was not performed due to the small num-
ber of studies (<10); an exploratory funnel plot (Figure 7C) showed
approximate symmetry.

Discussion

The present systematic review and meta-analysis aimed to sum-
marize and compare the efficacy of various postoperative calcium
strategies for reducing the risk of symptomatic hypocalcemia after
thyroidectomy. The primary findings confirm that prophylactic intra-
venous calcium infusion and combined oral calcium with vitamin D
significantly reduce the risk of symptomatic hypocalcemia, while oral
calcium alone also demonstrates a protective effect.

Principal Findings and Comparison with Existing Literature

The observation that routine oral calcium supplementation reduces
the risk of symptomatic hypocalcemia (OR=0.41) aligns with the
established pathophysiological understanding that post-thyroidec-
tomy hypocalcemia primarily results from transient parathyroid insuf-
ficiency, necessitating exogenous calcium to maintain homeostasis.
The findings are consistent in direction with earlier meta-analyses,

such as that by Xing et al,* which reported a similar protective effect.
Although moderate heterogeneity was observed in this comparison
(P=52.7%), the effect size consistently favored oral calcium across all
included studies, suggesting that its benefit remains relatively con-
sistent across different patient populations and surgical contexts.

The superior efficacy of adding vitamin D to oral calcium (OR 0.35
vs. calcium alone) is a pivotal finding of this review. This significant
enhancementin protection aligns with the pharmacological rationale
that vitamin D (particularly its active metabolite, calcitriol) is essential
for efficient intestinal calcium absorption. In the acute postoperative
setting, where parathyroid hormone (PTH)—the primary regulator
of calcitriol synthesis—is often suppressed, exogenous vitamin D
can bypass this step, facilitating more effective utilization of supple-
mented calcium.? This mechanistic explanation is supported by the
strong, statistically significant effect observed despite varying doses
and types of vitamin D used across the included studies.

The analysis indicates that prophylactic intravenous calcium infusion
is the most effective single intervention, with a substantial 77% reduc-
tion in the odds of symptomatic hypocalcemia (OR 0.23). This result
is both statistically robust and homogeneous (/?=0.0%). This finding
is not surprising from a pharmacokinetic perspective, as intravenous
administration ensures immediate and complete bioavailability,
rapidly correcting the extracellular calcium deficit before symptoms
can manifest. This is particularly critical during the first 24-48 hours
postoperatively, when serum calcium typically reaches its nadir. The
landmark study by Uruno et al," which heavily weighted the analy-
sis, was among the first to robustly demonstrate this benefit, and the
synthesis confirms and generalizes its conclusion.

The clear efficacy hierarchy (Intravenous > Calcium+Vitamin D >
Calcium alone) demonstrated in the head-to-head comparisons
provides a valuable evidence-based framework for clinicians.’® It
moves beyond the simple question of whether to supplement to
guide how to supplement based on an individual patient's risk profile
and the clinical setting.

Clinical Implications and Potential Mechanisms

The results support a risk-stratified approach to post-thyroidectomy
calcium management. For patients undergoing standard total thyroid-
ectomy deemed at low risk for hypocalcemia (e.g., with well-preserved
and well-vascularized parathyroid glands observed during surgery),
selective calcium supplementation or observation alone may be
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Study %
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considered rather than routine administration.? In centers with a low
baseline incidence of postoperative hypocalcemia, unselected routine
calcium supplementation in low-risk patients may lead to unneces-
sary calcium loading. Therefore, clinical decisions should be guided
by individual risk assessment to avoid overtreatment. For higher-risk
patients, such as those undergoing central compartment neck dissec-
tion, undergoing reoperative surgery, or with preoperative vitamin D
deficiency, the data strongly support the use of combined oral calcium
and vitamin D prophylaxis.?’ This regimen offers significantly better
protection than calcium alone, potentially preventing the morbidity
and resource utilization associated with symptomatic hypocalcemia.

The exceptional efficacy of intravenous calcium suggests it is par-
ticularly suited to selected scenarios. These may include patients
undergoing extensive surgery (e.g., for advanced cancer), those with
intraoperative evidence of significant parathyroid compromise, or in
protocols designed to facilitate safe and very early (e.g., same-day
or next-day) discharge. By virtually eliminating early symptomatic
episodes, IV prophylaxis can enhance patient safety, streamline post-
operative monitoring, and improve overall healthcare efficiency,
despite its more invasive nature and higher direct costs. The study by
Khoo et al,”” a recent double-blind RCT, contributes to this evidence
by evaluating a prophylactic infusion protocol in a contemporary

setting, though its wide confidence interval highlights the need for
further, larger studies to refine protocols.”

An important consideration is the potential difference in the mecha-
nism of action between oral and intravenous routes. In contrast, a
prophylactic intravenous infusion provides a pharmacological “over-
ride,” directly maintaining serum calcium levels independent of para-
thyroid and gastrointestinal function. This key distinction accounts
for differences in effect size and can serve as a criterion for inter-
ventions, depending on the duration and severity of parathyroid
insufficiency.

It is worth noting that in experienced high-volume surgical centers,
the baseline incidence of transient hypocalcemia is relatively low.
In such settings, unselected routine calcium supplementation in all
patients may lead to unnecessary calcium loading, increase patient
medication burden and potential risks, and result in waste of health-
care resources. Therefore, the importance of a risk-stratified approach
is emphasized: for low-risk patients (e.g., those with well-preserved
parathyroid glands and no lymph node dissection), selective calcium
supplementation or observation alone may be considered; while for
high-risk patients, more potent prophylactic regimens should be
employed. This individualized strategy can effectively prevent symp-
tomatic hypocalcemia while avoiding overtreatment.

/203



Endocrinol Res Pract. 2026;30(3):195-205

Study

OR (95% CI)

%

Weight

Khoo 2024 031(001,827) 395
Uruno 2006 _ 022(008,059) 4471
Cheng 2012 —_ 0.22 (0.05, 1.07) 16.94
Lin 2014 —_— 024(008,072) 3439
Overall (-squared = 0.0%, p = 0.998) <> 023(012,044) 10000
NOTE: Wights are from random effects analysis
T T
o119 1 838

Jin et al. Calcium Supplementation After Thyroidectomy

| Upper CI Limit

Funnel plot with pseudo 95% confidence limits

O,
\
z S
’ N
s \
’ S
’ N
5 e L AN
° 7 p A
’ N
’ \
= 7 N
o 4 L \
> ’ \
2 d AN
‘S 14 7 N
. s S
[} ’ N
%] 4 \
’ S
’ N
e AN
1.54 ’ N
’ \
s ° \
2,
T T T T T
-6 -4 -2 0 2

logor

Figure 7. (A)Forest plot of intravenous calcium infusion versus control; (B) sensitivity analysis; (C) funnel plot.

Limitations of the Evidence

While this meta-analysis strengthens the evidence base, several limi-
tations inherent to the included studies must be acknowledged to
appropriately contextualize the findings. First, this systematic review
hasinherent methodological limitations. Most notably, it was not pro-
spectively registered in an international database such as PROSPERO,
nor was the protocol published a priori. Although strict adherence to
the PRISMA guidelines was maintained and methodological details
were comprehensively reported throughout the review process, the
absence of prospective registration may introduce selective report-
ing bias and, to some extent, compromise the transparency and
credibility of the findings. Additionally, some included studies had
potential biases related to blinding and selective outcome reporting,
which may affect the robustness of the pooled estimates. Variations
in treatment duration and follow-up periods were also observed
across studies, potentially introducing clinical heterogeneity. Most
studies did not report baseline 25-hydroxyvitamin D levels, a known
major risk factor for postoperative hypocalcemia, and the absence
of this data may affect accurate attribution of treatment effects.
Therefore, readers should consider these limitations when interpret-
ing the conclusions of this study.

Second, there was variability in the definitions of “symptomatic
hypocalcemia” and the thresholds for intervention across trials.
Although outcomes were strictly selected based on patient-centered
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symptoms to reduce clinical heterogeneity, differences in clinical
assessment and documentation remain a potential source of bias.

Third, assessing long-term outcomes, particularly permanent hypo-
calcemia, was not feasible as a primary outcome in this review due
to inconsistent reporting and shorter follow-up periods in most stud-
ies focused on acute prophylaxis. The pathophysiological mecha-
nisms governing permanent hypoparathyroidism are distinct from
transient hypocalcemia, and the ability of short-term periopera-
tive supplementation to influence this long-term outcome remains
uncertain and is an important area for future research.

Finally, as with all surgical meta-analyses, the results may be influ-
enced by variations in surgical technique (e.g., use of energy devices,
parathyroid gland identification and preservation strategies) and
surgeon experience, which are difficult to quantify and standardize
across studies.

Future Research Directions
Based on the current findings and limitations, several avenues for
future research are clear:

Risk-Stratified RCTs: There is a need for well-designed RCTs that allo-
cate different prophylaxis strategies (e.g., oral calcium vs. calcium +D
vs. short IV course) based on preoperative or immediate postopera-
tive risk assessments, such as PTH levels, vitamin D status, or surgical
complexity scores.
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Optimization of Intravenous Protocols: Further studies are warranted
to define the optimal dosing, timing, and duration of prophylactic
intravenous calcium infusions. Comparing fixed-dose regimens with
PTH-guided protocols would be particularly valuable.

Economic Evaluations: Formal cost-effectiveness analyses comparing
these strategies are lacking. Future research should integrate clinical
efficacy data with cost and quality-of-life measures to determine the
most efficient allocation of healthcare resources.

Long-Term Outcomes: Prospective studies with extended follow-up
are needed to determine if aggressive early prophylaxis with vitamin
D or IV calcium influences the rate of recovery of parathyroid func-
tion or the incidence of permanent hypoparathyroidism.
Conclusion

This meta-analysis confirms that short-term prophylactic calcium
supplementation effectively reduces the risk of transient symp-
tomatic hypocalcemia after thyroidectomy and establishes a clear
efficacy hierarchy: intravenous calcium is most effective, followed
by oral calcium combined with vitamin D (calcitriol or alfacalcidol),
while oral calcium alone confers a measurable but comparatively
modest benefit. The addition of vitamin D significantly enhances
the protective effect of oral calcium. Although dosages (elemental
calcium 1000-3000 mg/day) and treatment duration varied across
studies, the available evidence supports a risk-stratified, individual-
ized approach to prophylaxis rather than a one-size-fits-all or purely
reactive strategy.
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Supplementary Table 1. Search Strategy

CNKI

SU=("thyroidectomy' OR "total thyroidectomy' OR 'post-thyroidectomy') AND SU=('calcium supplementation’' OR 'calcium' OR
'vitamin D' OR 'cholecalciferol' OR 'calcitriol' OR 'alfacalcidol' OR 'parathyroid hormone' OR 'teriparatide' OR 'prophylaxis') AND
SU=('hypocalcemia' OR 'hypocalcaemia' OR 'postoperative hypocalcemia’' OR 'symptomatic hypocalcemia') AND
SU=('randomized controlled trial' OR 'controlled clinical trial' OR 'clinical trial' OR 'randomized' OR'RCT' OR 'comparative study’)

Pubmed

("Thyroidectomy”[Mesh] OR “total thyroidectomy"[tiab] OR “post-thyroidectomy"[tiab]) AND (“Calcium, Dietary”[Mesh] OR
“Vitamin D"[Mesh] OR “Calcitriol"[Mesh] OR “Teriparatide”[Mesh] OR “calcium supplementation”[tiab] OR “cholecalciferol”[tiab]
OR "alfacalcidol”[tiab] OR “parathyroid hormone"[tiab]) AND (“Hypocalcemia”"[Mesh] OR “hypocalcaemia”[tiab] OR
"postoperative hypocalcemia”[tiab] OR “symptomatic hypocalcemia”[tiab]) AND (randomized controlled trial[pt] OR controlled
clinical trial[pt] OR randomized[tiab] OR randomised[tiab] OR placebo[tiab] OR clinical trials as topic[Mesh:noexp] OR
randomly[tiab] OR trial[ti])

Embase

(exp thyroidectomy/ or (total thyroidectomy or post-thyroidectomy).ti,ab,kw.) AND (exp calcium/ or exp vitamin D/ or exp
calcitriol/ or exp teriparatide/ or (calcium supplementation or cholecalciferol or alfacalcidol or parathyroid hormone).ti,ab,kw.)
AND (exp hypocalcemia/ or (hypocalcaemia or postoperative hypocalcemia or symptomatic hypocalcemia).ti,ab,kw.) AND
(randomized controlled trial/ or randomization/ or controlled study/ or ‘clinical trial'ti,ab,kw.)

Web of Science

TS=((thyroidectomy OR "total thyroidectomy" OR "post-thyroidectomy") AND ("calcium supplementation" OR calcium OR
"vitamin D" OR cholecalciferol OR calcitriol OR alfacalcidol OR "parathyroid hormone" OR teriparatide) AND (hypocalcemia OR
hypocalcaemia OR "postoperative hypocalcemia" OR "symptomatic hypocalcemia"))

TS=("randomized controlled trial" OR RCT OR "randomised controlled trial" OR randomized OR randomised OR "clinical trial" OR
placebo)

Cochrane Library

#1MeSH descriptor: [Thyroidectomy] this term only

#2 (“total thyroidectomy” OR “post-thyroidectomy"” OR “thyroid surgery”):ti,ab,kw

#3#1OR#2

#4 MeSH descriptor: [Calcium, Dietary] this term only

#5 MeSH descriptor: [Vitamin D] this term only

#6 MeSH descriptor: [Calcitriol] this term only

#7 MeSH descriptor: [ Teriparatide] this term only

#8 (“calcium supplementation” OR “calcium carbonate” OR “calcium gluconate” OR cholecalciferol OR ergocalciferol OR
alfacalcidol OR “parathyroid hormone” OR “vitamin D3"):ti,ab,kw

#9 #4 OR#5 OR#6 OR#7 OR #8

#10 MeSH descriptor: [Hypocalcemia] this term only

#11 (hypocalcaemia OR “postoperative hypocalcemia” OR “symptomatic hypocalcemia”):ti,ab,kw
#12 #10 OR #11

#13 #3 AND #9 AND #12




Supplementary Table 2. PRISMA 2020 checklist

TITLE

Title 1 Identify the report as a systematic review. Title Page

ABSTRACT

Abstract 2 See the PRISMA 2020 for Abstracts checklist. Abstract

INTRODUCTION

Rationale 3 Describe therationale for the review in the context of existing knowledge. Introduction

Objectives 4 Provide an explicit statement of the objective(s) or question(s) the review  Introduction
addresses.

METHODS

Eligibility criteria 5  Specify the inclusion and exclusion criteria for the review and how studies = Methods 2.2
were grouped for the syntheses.

Information sources 6  Specify all databases, registers, websites, organisations, reference lists Methods 2.1
and other sources searched or consulted to identify studies. Specify the
date when each source was last searched or consulted.

Search strategy 7  Presentthe full search strategies for all databases, registers and websites, Methods21&
including any filters and limits used. Supplementary Table 1

Selection process 8  Specify the methods used to decide whether a study met the inclusion Methods 2.2
criteria of the review, including how many reviewers screened each record
and each report retrieved, whether they worked independently, and if
applicable, details of automation tools used in the process.

Data collection 9  Specify the methods used to collect data from reports, including how many Methods 2.2
process reviewers collected data from each report, whether they worked

independently, any processes for obtaining or confirming data from study

investigators, and if applicable, details of automation tools used in the

process.

Dataitems 10a Listand define all outcomes for which data were sought. Specify whether Methods 2.2
all results that were compatible with each outcome domainin each study
were sought (e.g. for all measures, time points, analyses), and if not, the
methods used to decide which results to collect.

10b List and define all other variables for which data were sought (e.g. Methods 2.2
participant and intervention characteristics, funding sources). Describe
any assumptions made about any missing or unclear information.

Study risk of bias 11 Specify the methods used to assess risk of bias in the included studies, Methods 2.2
assessment including details of the tool(s) used, how many reviewers assessed each

study and whether they worked independently, and if applicable, details of

automation tools used in the process.

Effect measures 12 Specify for each outcome the effect measure(s) (e.g. risk ratio, mean Methods 2.3
difference) used in the synthesis or presentation of results.

Synthesis methods 13a Describe the processes used to decide which studies were eligible foreach Methods 2.2
synthesis (e.g. tabulating the study intervention characteristics and
comparing against the planned groups for each synthesis (item #5)).

13b Describe any methods required to prepare the data for presentation or Methods 2.3
synthesis, such as handling of missing summary statistics, or data
conversions.

13c Describe any methods used to tabulate or visually display results of Methods 2.31&2.3.2
individual studies and syntheses.

13d Describe any methods used to synthesize results and provide a rationale Methods 2.3
for the choice(s). If meta-analysis was performed, describe the model(s),
method(s) to identify the presence and extent of statistical heterogeneity,
and software package(s) used.

13e Describe any methods used to explore possible causes of heterogeneity Methods 2.3
among study results (e.g. subgroup analysis, meta-regression).

13f Describe any sensitivity analyses conducted to assess robustness of the Methods 1.5
synthesized results.

Reporting bias 14 Describe any methods used to assess risk of bias due to missingresultsina  Methods 2.3
assessment synthesis (arising from reporting biases).




