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ABSTRACT

Objective: This study aims to determine whether preoperative supplementation of vitamin D reduces the incidence of hypoc-
alcemia following total thyroidectomy.

Methods: Conducted in conformity with the PRISMA statement, a systematic review and meta-analysis of randomized clinical
trials (RCT) was performed assessing postoperative hypocalcemia and postoperative symptomatic hypocalcemia.

Results: The search strategy yielded 3808 potentially relevant publications, with eight RCTs ultimately included. These eight
trials included a total of 902 patients (22.73% male, n=205/902), with a median age of 48.9years (95% CI, 43.5-53.5). Four trials
administered only vitamin D in the interventional arm, three trials administered both calcium and vitamin D in the interven-
tional arm, and one trial administered vitamin D in the interventional arm and calcium in both arms. Pooled results from the
eight included trials showed a reduced risk of postoperative hypocalcemia in the intervention arm (RR, 0.77; 95% CI, 0.62-0.96;
p=0.02). When excluding the studies that administered calcium supplements in addition to vitamin D, the pooled results showed
a similar reduced risk of postoperative hypocalcemia (RR, 0.74; 95% CI, 0.57-0.96; p=0.03). Analysis of six trials reporting the
incidence of postoperative symptomatic hypocalcemia (n=564) showed a reduced risk in the vitamin D arm, with or without
calcium, compared to the control arm (RR, 0.56; 95% CI, 0.34-0.93; p=0.023).

Conclusions: Our findings suggest that preoperative vitamin D administration, with or without calcium carbonate, significantly
reduces the risk of postoperative hypocalcemia and symptomatic hypocalcemia in patients undergoing total thyroidectomy.
Level of Evidence: 1.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,
provided the original work is properly cited.
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1 | Introduction

Performed at a rate of 60 operations per 100000 inhabitants per
year, with more than 100000 surgeries performed annually in
the United States alone, total thyroidectomy (TT) stands as one of
the most frequently performed surgical procedures, addressing a
broad spectrum of indications [1]. While generally regarded as a
safe procedure, TT still bears the risk of surgical complications.
The most frequent postoperative complication is hypocalcemia
related to hypoparathyroidism, resulting from injury to the para-
thyroid glands or their blood supply. This is estimated to occur
transiently in approximately 30% of cases of TT, with permanent
hypocalcemia occurring in approximately 4% [2]. Standard sur-
gical practice involves the identification and preservation of the
parathyroid glands and their blood supply. However, the small size
of these glands, their anatomical variability, and their proximity
to the thyroid may render it difficult, even in experienced hands,
to preserve them with their blood supply intact [3]. In this regard,
new technologies have recently emerged to facilitate the preser-
vation of parathyroid function during TT [4]. However, the imple-
mentation of these tools is still far from being widespread.

Hypocalcemia resulting from impaired function of the parathyroid
glands often necessitates pharmacological therapy, can prolong
postoperative hospitalization, and lead to a decrease in quality of
life; moreover, postoperative hypocalcemia has been associated
with an increase in healthcare expenses and has been linked to an
increased risk of mortality [5-8]. Several risk factors for hypocalce-
mia following TT have been recognized, including advanced age,
female sex, thyroid gland size, substernal goiter, Graves' disease,
central compartment dissection, advanced thyroid tumors, and
reoperation [9-11]. The contribution of preoperative vitamin D de-
ficiency to hypocalcemia after TT remains an area of debate [12].

To mitigate the potential impact of vitamin D deficiency on post-
operative hypocalcemia, a common strategy involves preoperative
treatment with vitamin D and/or calcium. Some studies assessing
preoperative administration of vitamin D have shown promising
results in reducing the incidence of postoperative hypocalcemia
[13]. Administering vitamin D prior to surgery may reduce both
the rate of development and duration of hypocalcemia after TT
[14]. The aim of this systematic review and meta-analysis of cur-
rent published randomized clinical trials (RCT) is to examine the
effects of preoperative vitamin D supplementation on reducing
the risk of postoperative hypocalcemia after TT.

2 | Methods

The study was conducted and reported according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) [15] statement. Neither ethics approval nor informed
consent was required for this review of previously published
studies. No study protocol was registered for this study.

2.1 | Data Sources and Eligibility Criteria
PubMed/MEDLINE, Scopus, and Cochrane Library databases were

searched for relevant publications. In accordance with the require-
ments of each database, the search was conducted by combining

the following search terms, along with their corresponding MeSH
(Medical Subject Headings) terms, using Boolean AND/OR oper-
ators: “Thyroid,” “Thyroidectomy,” “Thyroidectomies,” “Vitamin
D,” “Vitamin D3,” “Calcitriol,” “Cholecalciferol,” “Colecalciferol,”
“Calcifediol,” “Alfa-calcidol,” “Calcidiol”. The reference lists of all
papers selected for full-text assessment, as well as those of all re-
trieved systematic and narrative reviews, were scrutinized for com-
pleteness of the search. The “cited by” function on Google Scholar
was used to minimize the risk of missing relevant data. The last
research was carried out on December 10, 2023.

”

All RCTs examining the impact of preoperative vitamin D supple-
mentation (with either cholecalciferol or calcitriol), alone or in
combination with calcium, on postoperative hypocalcemia out-
comes in patients undergoing either TT or completion thyroidec-
tomy were considered eligible for inclusion. Studies were excluded
if they were not RCTs, were ongoing projects, involved the use of
additional medications beyond vitamin D and calcium, included
patients who underwent either hemithyroidectomy/lobectomy,
enrolled patients with parathyroid diseases, did not report postop-
erative hypocalcemia outcomes, or if the full text in English was
not available. Studies were also excluded if postoperative adminis-
tration of calcium or vitamin D for hypocalcemia control differed
between the two arms or was influenced by the trial itself.

2.2 | Data Extraction and Outcomes

The reference lists from the abovementioned databases were
merged, and the duplicates removed using the reference manage-
ment software EndNote (version 20.6). Subsequently, two authors
(L.C. and G.M.P.) independently assessed the titles and abstracts
for all identified articles. Then, a full-text review was performed to
evaluate for the aforementioned inclusion and exclusion criteria.
The relevant data from the included studies were systematically
extracted in a prespecified form. The following data variables
were documented in a customized Excel spreadsheet (Microsoft
Corp, Seattle, Washington, USA): title and reference details (first
author and year), study design and characteristics (recruitment
centers, recruitment period, randomization, blinding), features
of the interventional and control groups (type of drugs admin-
istered, timing, dosage, and whether a placebo was used or not),
study inclusion and exclusion criteria, hypocalcemia definition,
characteristics of the study population (total number of enrolled
patients, number of patients in each arm, gender, and age), sur-
gical indications, and postoperative outcomes (incidence of
postoperative hypocalcemia and incidence of symptomatic hypo-
calcemia). When multiple measurements for postoperative hypo-
calcemia were reported, the measurement closest to the time of
surgery was considered. The accuracy of the extracted data was
verified by a third author (G.M.).

The primary outcome was postoperative hypocalcemia, as de-
fined by each individual study, while the secondary outcome
was postoperative symptomatic hypocalcemia.

2.3 | Quality Assessment

The quality of the studies included in this systematic review
was assessed independently by two authors (L.C. and G.M.P.)
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using the Cochrane Risk of Bias tool, version 2 (RoB2) [16].
Disagreements were resolved by consensus and arbitration by
the senior review author (G.M.).

2.4 | Statistical Analysis

Quantitative synthesis of included studies was performed using
RStudio (version 2023.09.1+494) and R (version 4.3.2, The R
Foundation for Statistical Computing). For each outcome, a
pairwise meta-analysis was performed utilizing the Mantel-
Haenszel fixed effects model [17]. The Paule-Mandel estima-
tor [18] was used to calculate the heterogeneity variance 2.
Dichotomous variables were reported as counts and percentages,
while continuous variables were reported as median and 95%
confidence interval (CI), calculated using the method described
by McGrath et al. [19] The pooled risk ratio (RR) with a 95%
CI was calculated. A two-sided p<0.05 or a 95% CI excluding
1 was considered statistically significant. Cochran's Q method
was used to assess between studies heterogeneity [20]. The I?
statistic, along with its corresponding p value, was computed
as an indicator of heterogeneity [21] (low, 0%-40%; moderate,
30%-60%; substantial, 50%-90%; and considerable, 75%-100%).
A random-effects model was adopted in cases where I? was
substantial or considerable and the Cochran's Q test indicated
significant heterogeneity. The results were presented with forest
plot graphs. Publication bias analysis was conducted through
visual inspection of the funnel plot and by calculating Egger's
regression intercept, which statistically assesses funnel plot
asymmetry [22]. Additionally, a meta-regression was performed
to assess the potential impact of the different types of vitamin
D formulations on the outcome. Furthermore, a sensitivity test
was carried out through a meta-analysis including only the stud-
ies rated as having low risk of bias (ROB), allowing examination
of changes in the effect size estimates as studies with high or un-
clear ROB were removed. Moreover, because preoperative cal-
cium supplementation could potentially influence the analyzed
outcomes, an additional post hoc sensitivity test was conducted
by excluding trials that involved varied preoperative calcium ad-
ministration between the two arms.

3 | Results
3.1 | Characteristics of Included Studies

The initial literature search yielded a total of 3808 records.
After removing duplicates, 2030 were screened based on their
titles and abstracts, and 38 articles underwent a full-text re-
view. Following the exclusion of 11 studies due to their non-
RCT design, 16 trials because they reported preestablished
differences in postoperative treatment between the two study
arms, two trials that were unrelated to the topic, and one trial
that preoperatively administered an additional unrelated drug,
a total of eight trials [13, 14, 23-28] were selected for inclusion
in the meta-analysis (Figure 1). Characteristics of the included
RCTs are presented in Table 1. Data from a total of 902 patients
(22.73% male, n=205/902) with a median age of 48.9years (95%
CI, 43.5-53.5) were included in the analysis. The interventional
arm consisted of 451 patients (25.28% male, n=114/451), while
the control arm included the remaining 451 individuals (20.18%

male, n=91/451). The number of participants in the included
studies ranged from 47 to 246. Only four trials utilized a double-
blinded placebo control approach (n=399/902, 44.24%), while
the others were open label studies (n=503/902, 55.76%). In the
study by Ramouz et al., only patients with vitamin D deficiency
were included in both arms. Four trials preoperatively admin-
istered only vitamin D in the interventional arm, three trials
administered both calcium and vitamin D in the interventional
arm, and one trial administered vitamin D in the interventional
arm and calcium in both arms. In three trials, vitamin D was
given as calcitriol, with doses ranging from 0.5 mcg twice daily
for 3days to 1.0 mcg twice daily for 7days before surgery. In the
remaining five trials, cholecalciferol was used, with three stud-
ies administering a single high dose of 200000 or 300000IU
the day before surgery, and two following a protocol 50000 or
600001U once weekly for 4 or 6 weeks prior to surgery, respec-
tively. The only patient who experienced hypercalcemia follow-
ing the preoperative treatment was from the interventional arm
in the Shonka et al. study (serum calcium 13mg/dL). Details
about the types of drugs, dosages, and timing of administration
are presented in Table 1.

The definition of hypocalcemia differed between trials, with
the serum calcium level threshold ranging from 8.0 to 8.5mg/
dL (2.0-2.1 mmol/L). In six trials, the occurrence of postoper-
ative symptomatic hypocalcemia was reported (n=564/902,
62.53%).

Finally, regarding postoperative supplementation, four trials
administered a standardized protocol to all patients, regardless
of their assigned arms, while the other four included studies
managed postoperative hypocalcemia based on each patient's
clinical needs and the internal protocols of each center, inde-
pendently from the patients’ assigned arms. Details about the
postoperative supplementation are presented in Table 1.

3.2 | Quality Assessment

The Cochrane ROB assessment for the included trials is sum-
marized in Figure S1. The majority of studies (n=6, 75%)
[13, 14, 24, 26-28] including 79.82% of patients (n=720/902),
were considered to have a low ROB. Only one study [25] raised
some concerns about the randomization process (n=100/902,
11.1%), since no information was provided about the allocation
sequence concealment, while another trial [23] raised concerns
about the effect of assignment to the intervention (n=382/902,
9.1%) because the intention-to-treat analysis was not reported.

3.3 | Primary Outcome: Postoperative
Hypocalcemia

Pooled results from the fixed effects model of the eight included
trials (n=902/902, 100%) showed that patients treated preopera-
tively with vitamin D had a statistically significant reduced risk
of developing postoperative hypocalcemia (RR, 0.77; 95% CI,
0.62-0.96; p=0.02; Figure 2). Low heterogeneity between stud-
ies was observed (I?=28%; p=0.21). To assess publication bias, a
funnel plot was generated and examined (Figure S2). Egger's test
did not reveal any statistically significant funnel plot asymmetry
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PRISMA 2020 flow diagram
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FIGURE1 | PRISMA flow diagram. [Color figure can be viewed at wileyonlinelibrary.com]

(intercept =—1.46;95% CI, —3.59 t0 0.67; p=0.24). Meta-regression
showed no statistically significant impact of vitamin D type
(cholecalciferol vs. calcitriol) on the effect sizes (p=0.498). A
sensitivity analysis was conducted including only the six studies
rated as low risk at the ROB assessment (n=720/902, 79.8%). The
pooled results remained consistent, demonstrating a reduction
in the risk of developing postoperative hypocalcemia even when
studies with some concerns or high ROB were excluded (RR, 0.77;
95% CI, 0.61-0.97; p=0.03; I>=49.4%, Figures S3 and S4). To bet-
ter evaluate the utility of supplementation with vitamin D alone
without calcium, a post hoc sensitivity analysis was conducted
excluding the four studies that administered different calcium
supplementation between the two arms. The pooled results indi-
cate a statistically significant reduction in the risk of developing
postoperative hypocalcemia in the group (n=645/902, 71.5%)
treated solely with vitamin D (RR, 0.74; 95% CI, 0.57-0.96; p=0.03;
I2=0%; Figure 3). Examination of the funnel plot and the Egger's

test (intercept =—1.74; 95% CI, —3.06 to —0.42; p=0.12; Figure S5)
confirmed the absence of apparent publication bias among the
studies in this subcategory.

3.4 | Secondary Outcome: Postoperative
Symptomatic Hypocalcemia

An analysis of six trials reporting the incidence of postopera-
tive symptomatic hypocalcemia in a total of 564 patients (16.84%
male, n=95/564) was conducted. The results showed a reduced
risk of occurrence in the vitamin D arm compared with the con-
trol arm (RR, 0.56; 95% CI, 0.34-0.93; p=0.023). A forest plot
is provided in Figure 4. The observed heterogeneity between
studies was low (I?=0%; p=0.72) and the Egger's test (inter-
cept=—0.86; 95% CI, —2.15 to 0.43; p=0.26) along with the fun-
nel plot did not show evident publication bias (Figure S6).
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FIGURE 2 | Risk of developing postoperative hypocalcemia. Forest plot showing the pooled risk ratio (RR) of postoperative hypocalcemia.

Different sizes of squares indicate the different weights used for pooled analysis. The dotted line represents the average effect of all studies when

pooled together. [Color figure can be viewed at wileyonlinelibrary.com]
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4 | Discussion

In this meta-analysis comprising eight RCTs with 902 individ-
uals undergoing TT or completion thyroidectomy, we found
that preoperative vitamin D (with or without calcium) sup-
plementation is associated with a 23% reduction in the risk

of postoperative hypocalcemia and a 44% reduction in the
risk of symptomatic hypocalcemia. The statistically signif-
icant reduction in the risk of postoperative hypocalcemia
persisted when excluding studies with concomitant supple-
mentation of calcium, suggesting that vitamin D has value
as a stand-alone preoperative prophylaxis. To our knowledge,
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this is the first systematic review and meta-analysis of RCTs
demonstrating the impact of preoperative vitamin D supple-
mentation alone on the prevention of post-thyroidectomy
hypocalcemia.

Hypocalcemia is the most common complication following
TT [29, 30]. Its incidence varies significantly across studies,
with temporary hypocalcemia reported in 19%-38% of cases
and permanent hypocalcemia in 0.2%-10% [6, 31]. Clinically,
hypocalcemia can present with symptoms such as peri-oral
and peripheral paresthesia, muscle spasms, or tetany. In se-
vere cases, it may lead to significant neurological or psycho-
logical symptoms including confusion, memory loss, delirium,
depression, hallucinations, and seizures, and may also cause
aberrations in cardiac rhythm. Postoperative hypocalcemia
has significant negative implications for both quality of life
and healthcare costs, and limiting its occurrence is of pressing
importance.

One initial strategy implemented to mitigate postoperative hy-
pocalcemia has been routine postoperative administration of
calcium and/or vitamin D to all patients undergoing TT [32].
Mercante et al. aimed to evaluate the most effective postop-
erative treatment strategy and showed that the most cost-
effective measure was universal use of calcium and vitamin D
supplementation [33]. However, this strategy often necessitates
postoperative hospitalization of varying lengths and results
in overtreatment in approximately 60% of patients who would
not have developed postoperative hypocalcemia. On the other
hand, targeting select subgroups of patients anticipated to ben-
efit most from routine treatment remains an area of study and
debate.

Some authors have suggested that vitamin D deficiency predis-
poses patients to postoperative hypocalcemia, rendering vita-
min D levels a potential predictor of this outcome [11]. Tripathie
et al. proposed a correlation between preoperative serum levels
of 25-hydroxyvitamin D (25(0OH)D) and postoperative serum
calcium levels, suggesting that patients with serum 25(0OH)D
levels below 20ng/mL are more likely to experience early hypo-
calcemia post-thyroidectomy [34]. However, findings have been
inconsistent, with other studies failing to establish any causal
relationship between preoperative serum vitamin D and post-
operative hypocalcemia [35, 36]. Still, given the high reported
incidence of vitamin D deficiency and the fact that it is a poten-
tially modifiable risk factor, vitamin D represents an attractive
therapeutic target [37]. For this reason, several studies have at-
tempted to evaluate whether supplementing patients with vita-
min D preoperatively can reduce the incidence of postoperative
hypocalcemia.

In our study, we included only RCTs that evaluated preoperative
vitamin D supplementation in patients undergoing TT or com-
pletion thyroidectomy. In four studies, preoperative treatment
consisted exclusively of vitamin D administration, while in
three studies, vitamin D was combined with calcium carbonate.
In the study by Betthani et al., preoperative treatment included
vitamin D and calcium, but the calcium was administered pre-
operatively in both the treatment and control arms, allowing
for selective assessment of the impact of preoperative vitamin
D treatment.

When examining the results of individual trials, most of the
included studies did not report a statistically significant differ-
ence in the incidence of postoperative hypocalcemia or hypo-
calcemia symptoms in the intervention arm. Notably, Shonka
et al. reported no occurrences of postoperative hypocalcemia
in either treatment arm, limiting the study's conclusions.
However, it is important to note that one out of 23 patients in
the treatment arm developed severe hypercalcemia (serum
calcium 13mg/dL), likely as a result of the remarkably high
preoperative dose of calcitriol (1 mcg twice daily for 7 days, fol-
lowed by 0.5 mcg twice daily postoperatively). Malik et al. was
the only trial that reported a statistically significant decrease
in the rate of postoperative hypocalcemia in the treatment
group. However, when pooling the results of the included eight
studies, a statistically significant reduction in postoperative
hypocalcemia and symptomatic hypocalcemia was observed
with preoperative vitamin D administration, even when stud-
ies using calcium carbonate in addition to vitamin D were ex-
cluded from the analysis.

The results of our study align with those of the meta-analysis
by Casey and Hopkins, which demonstrated a modest reduc-
tion in the rate of postoperative hypocalcemia, both laboratory-
confirmed and symptomatic, in patients treated preoperatively
with vitamin D and/or calcium [38]. Conversely, Alhakami et al.
found slightly different results, observing a modest reduction
in symptomatic hypocalcemia but not in laboratory-confirmed
hypocalcemia [39]. However, both articles also included trials
where postoperative supplementation differed between the inter-
ventional arm and the control arm as part of the trial protocol,
raising the question as to whether postoperative treatment played
arole in reducing the rate of postsurgical hypocalcemia, possibly
impacting the results presented. In the network meta-analysis by
Ren et al., preoperative treatments with teriparatide or vitamin D
plus calcium were shown to reduce the rate of postoperative hy-
pocalcemia in thyroidectomy patients [40]. However, in contrast
to our findings, treatment with vitamin D alone did not result
in a significant reduction in postoperative hypocalcemia. Again,
this article included studies where postoperative supplementa-
tion differed between the intervention and control arms as part of
the trial protocol itself. Additionally, many retrospective studies
were included, potentially introducing a ROB.

While our sensitivity analysis and ROB analysis confirmed the
significance of the data presented in this study, several limita-
tions must be considered. First, there is a lack of uniformity in
the definition of postoperative hypocalcemia across the included
studies, both in terms of laboratory values and the time frame
in which hypocalcemia was evaluated. Specifically, four studies
defined hypocalcemia as a calcium level below 8.0mg/dL (two
of which reported this threshold as 2.0mmol/L), two studies
as below 8.5mg/dL, one as below 8.2mg/dL, while another did
not denote a cut-off value. In five studies, postoperative hypo-
calcemia was evaluated 12-48h postoperatively; in two studies,
hypocalcemia was assessed during the postoperative hospital-
ization period, and in one study, the timeframe of assessment
was 1month postoperatively. Additionally, five studies used
albumin-adjusted calcium to define hypocalcemia, while three
relied on unadjusted serum calcium. Shonka et al. specifically
noted that corrected calcium levels were unnecessary, as no pa-
tients had low serum albumin. Further significant heterogeneity
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arises from the varied formulations, dosages, and regimens of
vitamin D administration in the preoperative period. Although
calcitriol (i.e., active analogue of vitamin D) is always used for
treatment of hypocalcemia related to postsurgical hypoparathy-
roidism, prophylactic administration before surgery is not stan-
dard, nor is its use supported by available evidence [6]. Based
on results of studies included in the meta-analysis, the use of
calcitriol did not provide any advantage over native vitamin D
in preventing post-thyroidectomy hypocalcemia, at least out-
side the context of specific clinical conditions such as chronic
renal insufficiency or malabsorption syndrome. Still, while the
meta-regression analysis did not find a significant impact of dif-
ferent vitamin D formulations on the outcome, the variability
in dosage and regimens may have contributed to the heteroge-
neity observed and highlights the challenge of drawing direct
comparisons and conclusions across these studies. Considering
these methodological differences, the impact of preoperative
vitamin D supplementation on surgical outcomes must be in-
terpreted with caution. An additional limitation is that all the
included trials were conducted in referral centers, limiting the
generalizability of the findings. This is particularly significant
considering that thyroid surgery is predominantly performed in
small- to medium-sized centers [41].

Despite these limitations, the strength of our study lies in the
randomized control design of the included trials and the strict
inclusion and exclusion criteria, which reduce confounding fac-
tors and ensure higher-quality evidence compared to network
meta-analyses which include every available study. Given the
substantial number of patients included in the analysis, the low
risk of adverse events arising from supplementation of vitamin
D, and the low cost of these medications, we believe the findings
provide robust evidence supporting the use of preoperative vita-
min D supplementation to reduce the risk of postoperative hy-
pocalcemia following TT. Still, the potential for overtreatment
and the cost-effectiveness of this intervention require further
investigation, and future studies should address these issues.
Moreover, while some conditions such as advanced thyroid
cancer, Graves' disease, Hashimoto's thyroiditis, large-volume
goiter, and recurrent goiter have been associated with an in-
creased risk of postoperative hypocalcemia [10, 14, 42], there
is no information regarding which patients might benefit most
from the preoperative administration of vitamin D. Therefore,
further studies should aim to identify patients who would de-
rive the greatest benefit from preoperative vitamin D treatment,
allowing for more accurate patient selection for preoperative
prophylaxis. Finally, additional prospective multicentric trials
investigating the optimal dosage and administration regimen of
Vitamin D are warranted.

5 | Conclusions

We present a systematic review and meta-analysis of random-
ized controlled clinical trials examining the impact of pre-
operative vitamin D supplementation on reducing the risk of
postoperative hypocalcemia. Our findings suggest that vita-
min D administered preoperatively, with or without calcium
carbonate, reduces the risk of postoperative hypocalcemia
and symptomatic hypocalcemia in patients undergoing TT.
Further work is needed to assess the cost-effectiveness of this

approach, standardize the dosage and administration regi-
men, and identify which patients would benefit the most from
supplementation.
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