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Abstract
The role of vitamin D as a predictor of postoperative hypocalcemia after total thyroidectomy (TT) has variable reports 
as it is latitude and population specific. This cohort study in South India evaluated the impact of preoperative serum 
25-hydroxycholecalciferol (25OHD) levels on transient and permanent hypocalcemia (> 6 months) post-TT. Consecutive 
patients (n = 327; median age = 34 years; man:woman = 65:262) undergoing TT for benign or malignant thyroid diseases 
were evaluated for serum corrected calcium, intact parathormone and 25OHD (categorized as severe deficiency < 10; defi-
ciency = 10–19.9; insufficiency = 20–29.9; sufficiency = 30–100 ng/mL) at baseline, 48-h and 6-month post-TT. The incidence 
of transient and permanent hypocalcemia (calcium < 8 mg/dL) post-TT was 33.3% and 7.9%, respectively, and preoperatively 
13%. Patients with 25OHD severe deficiency (n = 44), deficiency (n = 131) and insufficiency (n = 109) had 20.2, 4.4 and 4.1 
times higher odds of developing transient hypocalcemia, while preoperative hypocalcemia, malignancy, hyperthyroidism, 
thyroiditis and transient hypoparathyroidism were other significant predictors. Major determinants of permanent hypocal-
cemia were severe 25OHD deficiency and permanent hypoparathyroidism (each P < 0.05). In receiver operating character-
istic, 25OHD reliably predicted transient hypocalcemia with threshold of 18.4 ng/mL. Areas under curve, sensitivity and 
specificity were 0.661 (P = 0.001), 60% and 59.4%, respectively. Low preoperative calcium and 25-hydroxycholecalciferol 
levels, widely prevalent in our population, were independent risk factors for transient and permanent hypocalcemia after total 
thyroidectomy. The risk of post-thyroidectomy hypocalcemia escalated many-fold with decreasing 25-hydroxycholecalciferol 
levels including insufficient range and prophylactic therapy may facilitate day-care surgery. Trial registration: This study is 
retrospectively registered with Research Registry and the unique identifying number is Research Registry 5818.
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Introduction

Postoperative hypocalcemia is the most-frequent morbid-
ity after total thyroidectomy (TT), often requiring frequent 
blood investigations, prolonged hospitalization and revisits 
[1]. Life-threatening hypocalcemic complications usually 
develop 24- to 48-h post-surgery dissuading surgeons from 
performing day-care surgery. Post-thyroidectomy hypocal-
cemia (PH) is mostly transient lasting less than 6 months 
with a reported incidence of 1.6–50%. Permanent hypoc-
alcemia persisting beyond 6 months occurs in up to 12.1% 
[2]. Although hypoparathyroidism resulting from surgical 
handling, ischemia or inadvertent removal of parathyroid 
glands is the most attributed cause, other factors including 
advanced age, female gender, Graves’ disease, malignancy, 
concurrent neck dissection and surgeon’s inexperience 
have been associated with increased risk of PH [2, 3]. Vita-
min D is a well-established calciotropic hormone involved 
in calcium homeostasis. Hence, many researchers investi-
gated the role of preoperative vitamin D deficiency (VDD) 
in the development of PH, but with variable results. Some 
studies [4–6] supported the role of VDD as predictor of 
PH, while others refute [7, 8]. The major cause of VDD is 
inadequate sunlight exposure [9, 10]. During sun exposure, 
UVB photons (290–315 nm) convert 7-dehydrocholestrol 
(pro-vitamin D) present in the human skin into unstable 
pre-vitamin D3, which stabilizes to form cholecalciferol 
(vitamin D3). Cholecalciferol (either from skin or dietary 
supplements) on sequential hydroxylation in the liver and 
kidney produces 25-hydroxycholecalciferol (25OHD) and 
1,25-dihydroxycholecalciferol (1,25(OH)2D). Although 
1,25(OH)2D is the biologically active form, it has a lim-
ited utility in assessment of vitamin D status due to short 
half-life (4 h) and also expensive with limited availability. 
Serum 25OHD is the most reliable marker of vitamin D 
status as it is the major circulating form with half-life of 
about 2 weeks [11]. Various factors including time of the 
day, season and latitude affect the zenith angle at which 
UVB photons strike the earth’s surface and hence cutane-
ous vitamin D synthesis. Skin pigmentation, dietary habits 
and ethnicity also influence vitamin D status. Thus, the 
prevalence of VDD varies from region to region and is 
latitude and population specific. There is paucity of data 
regarding the prevalence of vitamin D deficiency in our 
South Indian population. A few studies have reported 
the impact of VDD on transient hypocalcemia in South 
India, and literature evidence with respect to permanent 
hypocalcemia after total thyroidectomy is still lacking 
[12]. Therefore, we conducted this cohort study to deter-
mine the incidence of preoperative vitamin D deficiency 
and evaluate the impact of serum 25OHD levels in the 
development of transient and permanent hypocalcemia 

in patients undergoing TT in our tertiary care hospital at 
Chennai with latitude of 13.08° N, 80.27° E.

Patients and Methods

A total of 349 consecutive patients undergoing first-time 
TT for benign or malignant thyroid diseases in a tertiary 
care teaching hospital at Chennai from July 2017 to June 
2019 were enrolled in the study. Institute’s ethical com-
mittee approval (No.18092012) was obtained. The study 
was done in line with STROCSS criteria and registered 
with Research Registry (UIN: Research Registry 5818) 
[13]. Informed written consent was obtained from all the 
participants under study. The study adhered to the ten-
ets of Declaration of Helsinki and none of the procedures 
involved animals. Surgical candidates were evaluated for 
complete haemogram, thyroid profile, liver and renal bio-
chemistries. Indication for TT were presence of any of 
the following: large volume goitre, pressure symptoms, 
cytology suspicious/diagnostic of malignancy, indeter-
minate cytology, retrosternal extension, hyperthyroidism 
refractory to medication or radioiodine therapy and asso-
ciated ophthalmopathy as well as patients opting surgery 
for cosmetic and logistic reasons. Exclusion criteria were 
revision surgery, concurrent neck dissection or compre-
hensive procedures, chronic medical conditions including 
uncontrolled diabetes, chronic renal and liver diseases, 
non-thyroid malignancy, immunosuppression, primary 
hyperparathyroidism and concurrent parathyroid proce-
dures and patients on calcium and vitamin supplements. 
Conventional total thyroidectomy was performed by the 
same surgical team as per institutional standards, identi-
fying and safe-guarding all the parathyroid glands, exter-
nal branch of superior laryngeal and recurrent laryngeal 
nerves bilaterally. Postoperatively, hypocalcemic signs and 
symptoms including perioral or acral numbness, muscle 
cramps, carpopedal spam, laryngospasm, arrhythmia, sei-
zures, positive Chvostek and Trousseau sign were moni-
tored. Hypocalcemic patients received oral  Calcium Car-
bonate 0.5-3 g/day ± Calcitriol (active vitamin D) 0.5–2 
mcg/day. Intravenous 10% calcium gluconate at 0.5–2 mg/
kg/h was administered for refractory cases. On the second 
postoperative day, vitamin D deficiency was treated with 
high-dose cholecalciferol 600,000 IU intramuscular injec-
tion and insufficiency was treated with oral doses of chole-
calciferol 60,000 IU per week for 4–12 weeks tailored to 
clinical needs. The serum levels of corrected calcium, 
intact parathormone (iPTH) and 25OHD were measured 
at baseline, 48-h and 6-month post-TT and additional sam-
ples tailored to individual needs.



Indian Journal of Surgery 

1 3

Laboratory Methods

Biochemical parameters were analyzed with automated 
Roche Cobas e6000 series analyzer, Switzerland. Serum 
calcium [8.5–10.5 mg/dL] was measured by Arsenazo III 
method. Serum albumin [3.4–5.4 g/dL] was measured by 
bromo-cresol green method. Corrected-calcium adjusted 
for albumin was calculated as total calcium (mg/dL) + 0.8 
(4-albumin (g/dL)). Intact parathormone [15–65 pg/mL] 
was determined using fully automated chemiluminescent 
immune assay method. The intra-assay and inter-assay 
coefficient of variation was 5.8% and 6.4%, respectively. 
Serum 25OHD was analyzed on Siemens ADVIA Cen-
taur by fully automated chemiluminescent immune assay 
method standardized against isotope dilution-liquid chro-
matography-tandem mass spectrometry reference methods 
as per vitamin D standardization programme. Reference 
range for 25OHD (measured in ng/mL) was categorized as 
per endocrine society practice guidelines into severe defi-
ciency < 10; deficiency = 10–19.9; insufficiency = 20–29.9; 
sufficiency = 30–100 and toxicity > 150 ng/mL [11]

Definition

Transient hypocalcemia was defined as corrected calcium 
below 8 mg/dL and/or presence of hypocalcemic symptoms 
and signs lasting less than 6 months post-TT. Permanent 
hypocalcemia was defined as corrected calcium below refer-
ence range or the need for calcium with or without vitamin 
D therapy more than 6-month post-TT. Hypoparathyroidism 
was defined as iPTH < 10 pg/mL.

Statistical Analysis

Statistical analysis was performed with SPSS statistics, 
version 20.0. Armonk, NY: IBM Corp. Categorical vari-
ables were expressed as frequencies and percentage. On 
Kolmogorov–Smirnov normality test, continuous data was 
non-normal and expressed as median (interquartile range: 
IQR). Chi-Square test and Fischer exact test compared cate-
gorical variables. Kruskal–Wallis test compared independent 
samples with non-normal data. Independent variables sig-
nificantly associated with dependent variable on univariate 
analysis were incorporated into multinomial logistic regres-
sion model for multivariate analysis. Receiver operating 
characteristic (ROC) curve assessed the diagnostic accuracy 
of 25OHD in predicting post-thyroidectomy hypocalcemia 
and optimal threshold was determined with Youden index. 
The area under the ROC curve (AUC) closer to the value 
of 1 implied excellent predictability, while those closer to 

0.5 implied poorer predictability. Results were expressed 
as odds ratio (OR) with 95% confidence interval (95% CI). 
P < 0.05 was considered significant.

Results

Out of 349 patients undergoing TT, 327 patients with a 
median age of 34 years including 65 men (19.8%) and 262 
women (80.1%) with a follow-up of 16.9 (5.7) months were 
eligible for the analysis. Patients who had concomitant cen-
tral or lateral neck dissection (n = 9) and incomplete iPTH 
or 25OHD values (n = 13) were excluded. Histopathology 
comprised of colloid goitre (109, 33.3%), follicular adenoma 
(6, 1.8%), Hashimoto’s thyroiditis 44, 13.4%), chronic lym-
phocytic thyroiditis (11, 3.4%), Graves’ disease (46, 14.1%), 
adenomatous hyperplasia (64, 19.6%), papillary carcinoma 
(44, 13.4%), follicular carcinoma (1, 0.3%), medullary 
carcinoma (1, 0.3%) and anaplastic carcinoma (1, 0.3%). 
Demographics and clinical profile of patients including 
hyperthyroidism versus euthyroidism, benign versus malig-
nancy and thyroiditis versus non-thyroiditis are tabulated 
(Table 1). Patients with Hashimoto’s thyroiditis and chronic 
lymphocytic thyroiditis in the histology of thyroidectomy 
specimen were included in the thyroiditis group. Serum cor-
rected calcium, iPTH and 25OHD levels in each category 
of VDD were summarized (Table 2). Preoperative calcium, 
48-h calcium and 48-h iPTH were significantly decreased in 
severe VDD compared to non-VDD patients.

Transient Hypocalcemia

The incidence of symptomatic and asymptomatic transient 
postoperative hypocalcemia was 33.3% (n = 109) and 23.5% 
(n = 77), respectively, while preoperatively, 13.1% (n = 43) 
had biochemical hypocalcemia. In multivariate analysis 
(Table 3) adjusted for age and gender, biochemical pre-
dictors including preoperative 25OHD severe deficiency 
(OR = 20.2), deficiency (OR = 4.4), insufficiency (OR = 4.1), 
preoperative hypocalcemia (OR = 3.7) and 48-h iPTH 
(OR = 2.7) were independent risk factors for transient hypoc-
alcemia in the decreasing order. Malignancy (OR = 5.9), 
hyperthyroidism (OR = 5.4) and thyroiditis (OR = 3.7) were 
also significant predictors. ROC curve was constructed to 
determine the diagnostic accuracy of 25OHD in predicting 
transient hypocalcemia. Patients with preoperative hypoc-
alcemia (13.1%) could confound the results. Therefore, 
patients with preoperative normocalcemia and those with 
preoperative hypocalcemia were analyzed separately. In 
preoperative normocalcemic group, area under the ROC 
curve (Fig. 1) was 0.661 (95% CI: 0.60–0.72), P < 0.001 
with threshold of 18.4 ng/mL indicating fair predictability. 
Sensitivity, specificity, positive predictive value (PPV) and 



 Indian Journal of Surgery

1 3

Table 1  Demographic and 
clinical profile of subjects under 
study

* Data are expressed as frequency (percentage)

Parameter* Preoperative serum 25-hydroxyvitamin D P value

Severe deficiency
n = 44

Deficiency
n = 131

Insufficiency
n = 109

Sufficiency
n = 43

Age < 45 years 28 (63.6%) 88 (67.1%) 81 (74.3%) 25 (58%) 0.224
Male: female 6:38 15:116 29:80 15:28 0.001
Benign: malignant 34:10 115:16 91:18 40:3 0.185
Thyroiditis: non-thyroiditis 11:33 18:113 24:85 9:34 0.660
Hyperthyroidism 15 (34.1%) 36 (27.4%) 32 (29.4%) 14 (32.6%) 0.815
Preoperative hypocalcemia 17 (38.6%) 15 (11.4%) 6 (5.5%) 5 (11.6%)  < 0.001
Transient hypocalcemia 30 (68.2%) 39 (29.8%) 35 (32.1%) 5 (11.6%)  < 0.001
Permanent hypocalcemia 10 (22.7%) 10 (7.6%) 9 (8.3%) 1 (2.3%) 0.005
Transient hypoparathyroidism 34 (77.3%) 83 (63.3%) 63 (57.8%) 15 (34.9%) 0.001
Permanent hypoparathyroidism 1 (2.3%) 10 (7.6%) 5 (4.6%) 2 (4.7%) 0.503

Table 2  Analysis of subjects across the category of serum 25-hydroxyvitamin D using Kruskal–Wallis test

* Data are expressed as median (interquartile range)
25OHD 25-hydroxycholecalciferol; TSH thyroid stimulating hormone; iPTH intact parathyroid hormone

Parameter* Serum 25-hydroxyvitamin D Kruskal–Wallis test

Severe deficiency Deficiency Insufficiency Sufficiency Statistic Df P value

Age in years 37.5 (21) 36.5 (18) 37 (13) 40 (17) 0.7 3 0.871
TSH mIU/L 2.2 (2.9) 2.2 (2.7) 2.4 (2.9) 2.7 (3) 0.9 3 0.825
Preoperative calcium mg/dL 8.8 (1.8) 9.2 (0.7) 9.3 (0.8) 9.4 (0.8) 13.5 3 0.004
48-h calcium mg/dL 7.2 (1.7) 8.3 (1.1) 8.3 (1.6) 8.6 (1) 33.0 3  < 0.001
6-month calcium mg/dL 9.1 (1.7) 9.2 (0.8) 9.3 (0.9) 9.2 (0.5) 1.2 3 0.752
Preoperative iPTH pg/mL 18.3 (22.7) 24.8 (24) 31.4 (29) 26.5 (25) 8.4 3 0.038
48-h iPTH pg/mL 11.8 (7) 11.1 (4.8) 4.4 (24.5) 21.5 (21) 13.2 3 0.004
6-month iPTH pg/mL 23.2 (22) 26.6 (21) 26.4 (22.7) 33.6 (29) 8.2 3 0.017
6-month 25OHD ng/mL 32.4 (8.4) 32 (7.3) 33.4 (7.8) 33.5 (9) 12.6 3 0.006

Table 3  Multivariate analysis 
for the determinants of 
transient and permanent post-
thyroidectomy hypocalcemia

* 25OHD 25-hydroxycholecalciferol

Parameter Transient hypocalcemia Permanent hypocalcemia

P value Odds ratio (95% con-
fidence interval)

P value Odds ratio (95% 
confidence inter-
val)

Age 0.381 0.487
Gender 0.691 0.491
Hyperthyroidism  < 0.001 5.4 (2.8–10.2) 0.269
Thyroiditis  < 0.001 3.7 (1.8–7.7) 0.165
Malignancy  < 0.001 5.9 (2.7–12.8) 0.375
Preoperative hypocalcemia 0.003 3.7 (1.5–8.8) 0.004 4.5 (1.6–12.3)
Preoperative 25OHD*
A. Severe deficiency  < 0.001 20.2 (5.3–77) 0.049 9.8 (1.0–93.8)
B. Deficiency 0.016 4.4 (1.3–14.3) 0.462
C. Insufficiency 0.019 4.1 (1.4–12.4) 0.236
Transient hypoparathyroidism 0.002 2.7 (1.4–5) 0.018 3.2 (1.2–8.3)
Permanent Hypoparathyroidism 0.021 4.9 (1.3–18.9)
6-month 25OHD* 0.268
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negative predictive value (NPV) were 60%, 59.4%, 42.2% 
and 74.7%, respectively. In preoperative hypocalcemic 
group, 25OHD < 13.2 ng/mL strongly predicted transient 
post-thyroidectomy hypocalcemia with AUC of 0.804 (95% 
CI: 0.67–0.93; P = 0.001). Sensitivity and specificity were 
67.9% and 66.7%, respectively.

Permanent Hypocalcemia

Permanent hypocalcemia was seen in 7.9% (n = 26) of 
cases. The independent risk factors (Table 3) were severe 
25OHD deficiency (OR = 9.8), preoperative hypocalcemia 
(OR = 4.5), transient (OR = 3.2) and permanent hypopar-
athyroidism (OR = 4.9).

Discussion

Postoperative hypocalcemia remains the most common com-
plication after TT and prolongs hospital stay. Many stud-
ies have recently evaluated the role of preoperative vitamin 
D deficiency as a predictor of PH [5, 14, 15]. However, 
inhomogeneity in utilization of 25OHD vs. 1,25(OH)2D 
for assessment of vitamin D status and variation in assay 
method have led to conflicting results. In particular, the “cut 
point” of serum 25OHD measurements for defining normal 
reference range and low vitamin D status varies widely. 
Moreover, the threshold of serum 25OHD level predicting 
the development of PH is not well-established. The present 

study addressed these issues. Based on preoperative 25OHD 
levels, patients were categorized into subgroups of severe 
VDD (n = 44; 13.5%), deficiency (n = 132; 40.3%), insuffi-
ciency (n = 109; 33.4%) and sufficiency (n = 43; 13.5%), and 
the development of PH in each category was assessed. Of 
327 patients undergoing TT, the present study demonstrated 
postoperative symptomatic transient and permanent hypoc-
alcemia in 109 (33.3%) and 26 (7.9%) patients, respectively, 
while 43 patients (13.1%) had hypocalcemia preoperatively. 
The incidence of transient hypocalcemia in subgroups with 
25OHD sufficiency, insufficiency, deficiency and severe defi-
ciency were 11.6%, 32.1%, 29.8% and 68.2%, respectively. 
On adjusting for age and gender, transient hypocalcemia 
was significantly and independently associated with low 
preoperative 25OHD, preoperative hypocalcemia and tran-
sient hypoparathyroidism. The odds of developing transient 
hypocalcemia escalated many-fold with increasing severity 
of preoperative vitamin D deficiency. Subgroups of patients 
with 25OHD insufficiency, deficiency and severe deficiency 
had 4.1, 4.4 and 20.2 times higher likelihood of develop-
ing transient hypocalcemia compared to 25OHD sufficient 
patients.

The constant blood level of calcium is maintained by 
the complex interaction of calciotropic hormones, namely 
parathormone (PTH) and vitamin D and counter-regulatory 
calcitonin. Any decrease in serum calcium level  [Ca2+] 
increased the PTH secretion from parathyroid gland. PTH 
in turn increased  Ca2+ by inducing (1) tubular reabsorption 
from the kidney, (2) mobilization from the bone and (3) 

Fig. 1  Receiver operating 
characteristic analysis showing 
preoperative serum 25-hydroxy-
vitamin D predicting transient 
hypocalcemia at 48-h after total 
thyroidectomy
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intestinal absorption indirectly through vitamin D. How-
ever, in the presence of parathyroid injury post-TT, post-
operative fall in  Ca2+ is unable to increase PTH secretion 
from injured or ischemic parathyroid gland, and hence, vita-
min D-mediated calciotropic actions become more vital to 
maintain constant  Ca2+ level. Biological active 1,25(OH)2D 
enhances intestinal absorption and renal tubular reabsorption 
of calcium by many-fold through transcellular route. In vita-
min D deficient patients, the above homeostatic mechanism 
to increase  Ca2+ is impaired resulting in the development of 
hypocalcemia. Secondly, in the setting of parathyroid insuf-
ficiency, conversion of 25OHD to active 1,25(OH)2D is 
impaired which in-turn impairs vitamin D-mediated calcium 
absorption and reabsorption, further exacerbating hypocal-
cemia [14, 15]. In support of our observation, prior reports 
have shown that preoperative VDD increased the occur-
rence of post-thyroidectomy hypocalcemia and prolonged 
hospital stay [5, 16, 17]. In agreement with our findings, a 
recent study reported that preoperative VDD was associ-
ated with 3 times higher odds of developing symptomatic 
postoperative hypocalcemia. However, the study included 
thyroid cancer patients undergoing TT plus central compart-
ment neck dissection, which is associated with increased 
risk of transient hypoparathyroidism and hence symptomatic 
hypocalcemia [18]. The presence of malignancy increased 
the risk of transient hypocalcemia after TT many-fold even 
in the absence of neck dissection as it is evident in our study. 
Moreover, the threshold of VDD was defined as less than 
10 ng/mL in contrast to the standard cut-off value of < 20 ng/
mL [11]. On the contrary, some investigators reported that 
VDD < 20 ng/mL was not a predictor of post-thyroidectomy 
hypocalcemia [4, 19]. Furthermore, an analysis of 366 
patients undergoing bilateral thyroid surgery showed that 
the severe VDD < 10 ng/mL had only a trend towards tran-
sient hypocalcemia (P = 0.051) and failed to predict perma-
nent hypoparathyroidism [20]. On the other hand, a study 
on 166 patients reported that the rate of transient hypocal-
cemia was significantly higher in severe VDD compared to 
VDD and non-VDD patients (32% vs. 24% vs.13%) after 
TT, which is in agreement with our findings [21]. However, 
the strength of association in terms of odds ratio or rela-
tive risk as well as the threshold of 25OHD predicting PH 
was not evaluated. Additionally, 25OHD (20–29.9 ng/mL) 
insufficient group was not evaluated separately, which was 
shown to have threefold increased likelihood of develop-
ing PH in our current series. Prior reports suggested that 
an optimal circulating 25OHD > 30 ng/mL maximized the 
bone health and non-skeletal benefits [11, 22]. Contradic-
tory to our findings, a South Indian review of 150 patients 
reported no difference in the rate of transient post-thyroid-
ectomy hypocalcemia between VDD and non-VDD patients 
(41.3% vs. 48.6%) [12]. The cut-off point of 25OHD was 
20 ng/mL and hypocalcemic rate in severe deficiency and 

insufficient subgroup was not elucidated. It may be possi-
ble that patients with 25OHD insufficient range included in 
the non-VDD group could have inflated the rate of transient 
hypocalcemia. Moreover, the relation between preopera-
tive 25OHD levels and permanent hypocalcemia was not 
elucidated. Nevertheless, our study has demonstrated that 
preoperative severe VDD had 9.8 times higher likelihood of 
developing permanent hypocalcemia compared to sufficient 
group. The present study has thus unravelled the impact of 
preoperative hypocalcemia and severe VDD on permanent 
post-thyroidectomy hypocalcemia in Indian subpopulation. 
Therefore, we emphasize that the appropriate treatment with 
calcium and vitamin D can improve the short-term as well 
as long-term outcome after TT in our population. Another 
Indian study reported that PTH was not a reliable predic-
tor of post-thyroidectomy hypocalcemia in VDD patients 
as PTH levels may be elevated due to secondary hyperpar-
athyroidism [23]. However, in our study neither preoperative 
nor postoperative median PTH levels were elevated in either 
25OHD deficient or insufficient patients compared to suffi-
cient patient group. Moreover, 48-h iPTH and 6-month iPTH 
independently predicted permanent hypocalcemia post-TT 
with an odds ratio of 3.2 (95% CI: 1.2–8.3) and 4.9 (95% CI: 
1.3–18.9), respectively.

The present study demonstrated a relatively high inci-
dence of preoperative hypocalcemia (13.1%), which may 
be a consequence of widely prevalent VDD in our popu-
lation and was in keeping with our prior reports [24–26]. 
This was also evident from the diminishing median levels of 
preoperative calcium towards the spectrum of severe 25OHD 
deficiency and hence, subsequent PH (Table 1). There-
fore, in order to determine the accuracy of predictability 
of preoperative 25OHD, patients who were normocalcemic 
and hypocalcemic preoperatively were analyzed indepen-
dently. The area under the ROC curve was 0.66 (0.60–0.72), 
P = 0.001, which indicates that preoperative 25OHD was a 
significant and reliable predictor of transient hypocalcemia 
in normocalcemic patients undergoing TT, though with lim-
ited sensitivity and specificity. Recent evidences have shown 
that prophylactic calcium and vitamin D supplementation 
decreases the postoperative hypocalcemia rates and facili-
tates safe discharge [15, 27, 28]. Thus, routine analysis of 
preoperative calcium and 25OHD levels, stratification of 
vitamin D status and appropriate prophylactic therapy may 
allow safe same-day discharge after TT and can contemplate 
day-care surgery.

Limitations

In spite of latitude below 37°, VDD was widely prevalent in 
our population and may be related to the dark skin pigmen-
tation due to melanin which absorbs UVB photons respon-
sible for cutaneous vitamin D synthesis. The incidence of 
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permanent hypocalcemia was relatively high. The delayed 
recovery of parathyroid gland function may be the reason 
and needs further evaluation beyond 1 year to allow time for 
the complete recovery. In order to uncover the true impact 
of preoperative 25OHD levels on PH, VDD was not treated 
until second postoperative day, which is ethically unsound.

Conclusion

Low preoperative calcium and 25-hydroxycholecalciferol 
levels were widely prevalent in our population and were 
independent risk factors for transient and permanent hypoc-
alcemia after total thyroidectomy. The odds of developing 
transient hypocalcemia escalated with increasing severity of 
vitamin D deficiency. Patients with severe 25-hydroxychole-
calciferol deficiency had 20 times increased likelihood to 
develop transient hypocalcemia and 9.8 times increased like-
lihood for permanent hypocalcemia compared to sufficient 
population, whereas 25OHD deficiency and insufficiency 
increased the likelihood to develop transient hypocalcemia 
by fourfold but had no impact on permanent hypocalce-
mia. Serum 25OHD below 18.4 ng/mL reliably predicted 
transient hypocalcemia in normocalcemic patients under-
going TT, though with limited sensitivity and specificity. 
Malignancy, hyperthyroidism, thyroiditis and postoperative 
hypoparathyroidism were other significant predictors of 
transient hypocalcemia. Thus, routine preoperative evalua-
tion of serum calcium and 25OHD help to stratify patients 
at increased risk of post-thyroidectomy hypocalcemia, and 
appropriate calcium and vitamin D therapy can facilitate safe 
early discharge as well as improve long-term outcome. The 
feasibility of performing TT as a day-care procedure with 
prophylactic calcium and vitamin D merits high-level evi-
dence with randomized controlled trials in our population.
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