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Abstract

:

Permanent hypoparathyroidism, a feared thyroidectomy complication, leads to significant patient morbidity, medical treatment, and monitoring. This study explores whether preoperative high-dose vitamin D loading decreases the incidence of permanent hypoparathyroidism. In a subgroup analysis, the study examines the predictive utility of day 1 parathyroid hormone (PTH) in permanent hypoparathyroidism. Patients (n = 150) were previously recruited in the VItamin D In Thyroidectomy (VIDIT) trial, a multicentre, randomised, double blind, placebo-controlled trial evaluating the role of 300,000 IU cholecalciferol administered orally a week before total thyroidectomy. Patients were contacted postoperatively beyond six months through a telephonic questionnaire. The primary outcome was permanent hypoparathyroidism, strictly defined as the need for activated vitamin D six months postoperatively. Out of 150 patients, 130 (86.7%) were contactable. Permanent hypoparathyroidism occurred in 11/130 (8.5%) patients, with a lower incidence of 5.3% (3/57) in the cholecalciferol group compared to 11% (8/73) in the placebo group; however, this was non-significant (p = 0.34). In a subgroup analysis, no relationship between day 1 PTH level and the incidence of permanent hypoparathyroidism was found (p ≥ 0.99). There was a lower rate of permanent hypoparathyroidism in the cholecalciferol group, which was not significant. The predictive utility of day 1 postoperative PTH levels may be limited to transient hypoparathyroidism.
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1. Introduction


Total thyroidectomy is required to treat several conditions, including thyroid cancer, Graves’ disease, large symptomatic nodules, and multinodular goitre. In the United States, it is performed in 60 operations per 100,000 patients per year [1]. The close anatomical proximity and shared vascular supply of the parathyroid and thyroid glands can lead to parathyroid devascularisation and transient or permanent hypoparathyroidism [2,3]. This presents clinically as hypocalcaemia, which occurs in 23% of patients after thyroidectomy [4]. Hypocalcaemia can lead to muscle spasms, arrhythmias, paraesthesia, tetany, seizures, and death [5].



Vitamin D is an important therapeutic target due to its vital role in intestinal calcium absorption. Deficiency results in secondary hyperparathyroidism [6]. In these patients, damage to parathyroid glands during thyroidectomy may lead to marked hypocalcaemia [7]. In patients with sufficient vitamin D levels, hypoparathyroidism may lead to less severe manifestations [5].



If hypoparathyroidism persists beyond six months, it is considered permanent [8]. After total thyroidectomy, the reported incidence of permanent hypoparathyroidism ranges from 0.5 to 2% [9], with a more recent registry-based study reporting a prevalence of more than 5% [8]. In these patients, there is a 17-fold increase in the risk of chronic kidney disease due to reduced renal calcium reabsorption, leading to hypercalciuria and nephrocalcinosis [10]. Other complications include cataracts, basal ganglia calcification, anxiety, and depression [10,11].



Predicting permanent hypoparathyroidism through early identification of patients that require monitoring would allow early intervention to prevent severe hypoparathyroidism requiring in-patient care [12]. Day 1 PTH status is a reliable predictor of postoperative hypoparathyroidism with a sensitivity of 83.4% and a specificity of 100% [13]. Day 1 PTH < 10 pg/mL is an effective determinant; however, in vitamin D-deficient patients who have secondary hyperparathyroidism, postoperative PTH can be an unreliable predictor [14]. The utility of day 1 PTH in predicting transient hypoparathyroidism is well documented, although its role in permanent hypoparathyroidism is lesser known.



Hypoparathyroidism in the immediate postoperative period may not translate to permanent hypoparathyroidism. Only one randomised study on preoperative vitamin D to prevent hypoparathyroidism has followed patients beyond the immediate postoperative period [9], showing perioperative alfacalcidol supplementation to decrease the incidence of permanent hypoparathyroidism (n = 219; 0% vs. 4%; p = 0.04).



This current study included participants previously recruited in the VItamin D In Thyroidectomy (VIDIT) trial [12]. The VIDIT trial was a randomised, double blind, placebo-controlled trial (RCT) with 150 patients, which evaluated the role of preoperative high-dose cholecalciferol (300,000 IU) in preventing post-thyroidectomy hypoparathyroidism. It concluded that preoperative cholecalciferol did not reduce the incidence of postoperative hypocalcaemia within six months of surgery (29% vs. 38%; p = 0.23). Most patients in the original study were vitamin D replete. When stratified by day 1 PTH status (≥10 pg/mL or <10 pg/mL), improved clinical outcomes were noted in both subgroups if receiving cholecalciferol (95% CI 0.32–0.98; p = 0.04). The positive outcomes included reductions in hypocalcaemia, length of hospital stay, and requirement for postoperative therapy. The VIDIT trial provided an opportunity to assess the effect of vitamin D supplementation on outcomes beyond six months after operation. Permanent hypoparathyroidism has been defined as an activated vitamin D requirement six months after surgery, as per the recent paper from Almquist et al. (2018).



It was hypothesized that preoperative high-dose vitamin D supplementation would decrease the incidence of permanent hypoparathyroidism.




2. Methods


The VIDIT was a multicentre RCT aiming to demonstrate the role of preoperative vitamin D loading in preventing postoperative hypocalcaemia and hypoparathyroidism. The study was approved by the Hunter New England Human Research Ethics Committee (AU202004-02). Patients were eligible for the trial if they underwent total or completion thyroidectomy. Recruitment occurred in the John Hunter Hospital and Newcastle Private Hospital from August 2014 to December 2017. Eligible and consenting patients were allocated using centralised randomisation to either the vitamin D (single oral dose of 300,000 IU of cholecalciferol) or placebo group. All thyroidectomies were performed by four high-volume thyroid surgeons. The details of the eligibility criteria and treatment protocol have been published previously [12].



The primary outcome measured in this study was the incidence of permanent hypoparathyroidism, defined as the need to use activated vitamin D six months after surgery. The subgroup analysis evaluated the predictive value of low day 1 PTH, defined as day 1 PTH < 10 pg/mL. Data was collected through a telephonic questionnaire where patients were asked about current calcitriol use (Appendix A Figure A1). If the patient was uncontactable after 3 attempts, the patient’s general practitioner was contacted. Day 1 PTH levels were previously collected in the VIDIT trial.



Variables were tested for normality via the D’Agostino and Pearson normality test. All variables reached significance, failing the test, and therefore were treated as non-parametric data. Continuous variables such as age and body mass index (BMI) were tested using an unpaired Mann–Whitney U test, and our dichotomous categorical variables were tested using a Fisher’s exact test for independence. Statistical analysis was performed using GraphPad Prism version 7.00 for Windows (La Jolla, CA, USA).



The cohort was not adequately powered to investigate the primary outcome of permanent hypoparathyroidism. The original VIDIT trial was powered at 80% with classification of the endpoint using a variety of measurements, such as prolonged QT interval on ECG associated with biochemical markers and symptomatic presentations of hypocalcaemia in a hospital setting. Due to the limited, simplistic nature of the classifying dichotomous endpoint and significant loss to follow-up, our post-hoc power calculation was estimated as 20.1%. The significant decrease in follow-up sample size increased the threshold of a potential type II error to 80%, far more than the traditionally acceptable 20%. Due to the unacceptably high risk of type II error, the ability to draw statistical conclusions is limited.




3. Results


3.1. Participant Flow


The VIDIT trial analysed the data of 150 patients who underwent thyroidectomy. Of these, 130 patients were potential participants (Figure 1). However, 18.6% of patients from the cholecalciferol group and 8.6% of patients from the placebo group were unavailable for analysis. This resulted in a total loss to follow-up of 13.3% (n = 20).




3.2. Baseline Characteristics


Table 1 presents the baseline characteristics of study patients available for follow-up. Overall, mean age was 54.5 years, and 76.7% were female. Of the operations, 46.9% were for goitre, 30% were for Graves’ disease, and 23.1% were for thyroid cancer. Mean pre-enrolment 25-OH vitamin D was 72.9 nmol/L.




3.3. Complete Case Analysis


To ensure that the randomisation from the original RCT was preserved and that a complete case analysis approach did not introduce bias into the data set, statistical analysis was carried out on the baseline characteristics between the group lost to follow-up and the group included for analysis. Due to the small sample size (n = 20) and the larger (n = 130) group not passing normality testing, continuous variables were analysed using a Mann–Whitney U test. Categorical variables were similarly treated with a non-parametric Fisher’s exact test. Neither post-hoc analysis of effect sizes nor predictive analysis such a regression were carried out, due to lack of significant findings.



Age, sex, BMI, length of stay, surgical indication, and pre-dose vitamin D were minimally variable (Table 2). In all metrics, p-values did not reach significance. We can conclude that the decision to exclude patients without any data for their primary outcome did not introduce bias or dilute the effect of randomisation.




3.4. Loss to Follow-Up


Univariate analysis on the group that was included in the analysis and the group that was lost to follow-up was unable to disprove the assumption that the patients lost to follow-up were at random (p > 0.05), therefore we accept that the effect of randomisation is preserved. To prevent loss to follow-up, 11/130 (8.5%) general practitioners were contacted as an alternative when their patients could not be contacted after three attempts (Figure 1).




3.5. Primary Outcome


Permanent hypoparathyroidism, defined as an activated vitamin D requirement six months after surgery, occurred in 3/57 (5.3%) participants taking cholecalciferol and 8/73 (11%) participants taking placebo (p = 0.34). Of these patients (n = 11), 6/11 (54.5%) suffered from hypocalcaemia, defined as corrected serum calcium < 2.10 mmol/L within six postoperative months. The calcitriol dosage ranged from 0.25 mcg to 1 mcg daily. There were no statistically significant differences in dosage between the intervention (n = 3) and placebo (n = 8). Dosage was not associated with other factors such as surgical indication, sex, age, or BMI. This dichotomous, categorical primary outcome was assessed using a Fisher’s exact test for independence, which showed no significant, independent effect (p = 0.34) between preoperative supplementation with high-dose cholecalciferol and the incidence of post-thyroidectomy permanent hypoparathyroidism.




3.6. Secondary Findings—Sub-Group Analysis


The original trial noted divergent rates of postoperative hypocalcaemia when stratified by day 1 postoperative PTH status. This was explored in this cohort for both the incidence of day 1 hypoparathyroidism between study groups and the presence of an independent effect between low postoperative PTH and permanent hypoparathyroidism. Day 1 hypoparathyroidism was defined as a PTH level < 10 pg/mL. The incidence in the intervention vs. placebo group was 24.6% and 30.1%, respectively. A Fisher’s exact test for independence failed to display a significant difference between groups (p = 0.56).



Subgroup analysis was then carried out, first stratifying the cohort based on day 1 postoperative PTH levels. Patients were dichotomised with either a PTH reading of <10 pg/mL or ≥10 pg/mL. An independent relationship between day 1 postoperative PTH level and the incidence of permanent hypoparathyroidism was explored with a Fisher’s exact test. Almost identical rates of permanent hypoparathyroidism (8.3%, 8.5%) were observed between the two groups, and the Fisher’s exact test failed to reach significance (p = > 0.99) (Table 3).





4. Discussion


Permanent hypoparathyroidism can be associated with long-term hypocalcaemia symptoms (if not medicated) and ectopic calcification [10,11]. This study followed patients in the VIDIT trial to ascertain whether preoperative cholecalciferol loading reduced the rate of post-thyroidectomy permanent hypoparathyroidism [12]. This research demonstrated that permanent hypoparathyroidism occurred at a numerically lower rate in the cholecalciferol group (5.3%) compared to the placebo group (11%); however, this result was not statistically significant. This was consistent with the finding of the original VIDIT trial which showed that preoperative cholecalciferol did not reduce the incidence of postoperative hypoparathyroidism within six months of surgery (29% vs. 38%; p = 0.23). This study also analysed day 1 postoperative PTH levels, which are a useful marker of postoperative hypoparathyroidism. Rowe et al. (2019) conducted a subgroup analysis dichotomized by day 1 PTH status (<10 pg/mL, below the lower limit of the local reference range; ≥10 pg/mL, normal); they found more favourable clinical outcomes in the participants of both the low and normal PTH subgroups who had received preoperative cholecalciferol (95% CI 0.32–0.98; p = 0.04). This current study found no significant between-group difference in the incidence of permanent hypoparathyroidism (8.3% vs. 8.5%; p ≥ 0.99), suggesting that day 1 PTH < 10 pg/mL may only be predictive of transient hypoparathyroidism. While day 1 PTH has a sensitivity of 83.4% and a specificity of 100% for predicting postoperative hypoparathyroidism, its utility may be limited in vitamin D-deficient patients who have secondary hyperparathyroidism [13,14].



As discussed earlier, vitamin D is an important therapeutic target as deficiency leads to secondary hyperparathyroidism [6]. Intraoperative damage to the parathyroid glands can lead to marked hypocalcaemia in these patients [7]. It is postulated that vitamin D < 37.4 nmol/L is a risk factor for postoperative hypoparathyroidism [5]. However, since these patients were largely vitamin D replete, the effect size could have been limited in this cohort.



The overall incidence of permanent hypoparathyroidism was higher than anticipated at 8.5% compared to the expected value of 0.5–5.4% [8,9]. This higher rate is likely due to a small sample size and loss to follow-up, where those patients who were successfully followed-up may be more health conscious to begin with, and hence found to have permanent hypoparathyroidism and require calcitriol, as opposed to those lost to follow-up. However, the reported rates of permanent hypoparathyroidism vary widely from 0.2 to 10% due to differing definitions [15,16,17,18].



The definition of permanent hypoparathyroidism varies in the literature and often comprises three primary domains: a quantitative domain based on PTH level, a qualitative domain based on clinical features or activated vitamin D requirement, and a temporal domain based on time since operation [19,20,21,22,23,24]. This study found that 15 patients used calcium carbonate, of which eight used it alone, and hence, did not meet the definition for permanent hypoparathyroidism. Calcium carbonate was not included in the definition since it is not a specific treatment option and is more often used for alternative indications, such as osteoporosis and general bone health. One young patient was also found to use recombinant PTH supplementation. Unlike other hormonal insufficiencies, permanent hypoparathyroidism is not treated through replacement therapy with PTH in Australia, although it has recently been approved in the United States for refractory cases [25].



This study builds on results from one previous randomised trial of perioperative activated vitamin D supplementation. Genser et al. (2014) found that the incidence of permanent hypoparathyroidism was reduced in a group receiving alfacalcidol compared to a placebo group (0% vs. 4%, p = 0.04).



There are several strengths of this trial. First, it follows an RCT and therefore has decreased selection bias, and between-group similarity of baseline characteristics. Second, the involvement of the patient’s general practitioner for data collection if the patient was not contactable decreased loss to follow-up. Finally, this study is unique in evaluating the long-term effectiveness of a single high preoperative dose of cholecalciferol, which is considered superior to active vitamin D due to its low toxicity [12,26].



A limitation is that the definition used for permanent hypoparathyroidism only considered activated vitamin D supplementation, and hence failed to consider clinical features, biochemistry results, and calcium supplementation. This was deemed a valid definition in a recent paper by Almquist et al. (2018), since hypocalcaemia can occur in the setting of normal PTH levels. Activated vitamin D requirement is also more specific for capturing patients with permanent hypoparathyroidism than calcium requirement, and its use is monitored by a specialist, minimizing unnecessary use. Given the stringent diagnostic criteria, measuring the primary outcome is precise and reproducible, and any interobserver variability is minimised. Additionally, the robustness of the follow-up method was undermined by recall bias, failed contact attempts, contacting patients at differing postoperative time points, and limiting follow-up to a single phone call.



In conclusion, a lower rate of permanent hypoparathyroidism was observed in the group taking high-dose preoperative cholecalciferol, however this was not statistically significant. Additionally, despite day 1 PTH being a reliable predictor in transient hypoparathyroidism, it did not predict permanent hypoparathyroidism. Further research with larger sample sizes, more regular postoperative follow-up, and a definition inclusive of biochemistry results is required to understand the interaction between preoperative vitamin D loading and the incidence of permanent hypoparathyroidism. Reducing the risk of permanent hypoparathyroidism can not only reduce patient morbidity but can also negate the need for long-term activated vitamin D treatment, routine biochemical monitoring, and regular symptom assessment.
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Figure A1. Telephonic questionnaire. 






Figure A1. Telephonic questionnaire.



[image: Jcm 10 00442 g0a1]







References


	



Francis, D.O.; Randolph, G.; Davies, L. Nationwide variation in rates of thyroidectomy among US medicare beneficiaries. JAMA Otolaryngol. Head Neck Surg. 2017, 143, 1122–1125. [Google Scholar] [CrossRef] [PubMed]

	



Edafe, O.; Prasad, P.; Harrison, B.J.; Balasubramanian, S.P. Incidence and predictors of post-thyroidectomy hypocalcaemia in a tertiary endocrine surgical unit. Ann. R. Coll. Surg. Engl. 2014, 96, 219–223. [Google Scholar] [CrossRef] [PubMed]

	



Khairy, G.A.; Al-Saif, A. Incidental parathyroidectomy during thyroid resection: Incidence, risk factors, and outcome. Ann. Saudi Med. 2011, 31, 274–278. [Google Scholar] [CrossRef]

	



Chadwick, D.R. Hypocalcaemia and permanent hypoparathyroidism after total/bilateral thyroidectomy in the BAETS registry. Gland Surg. 2017, 6, S69. [Google Scholar] [CrossRef] [PubMed]

	



Maxwell, A.K.; Shonka, D.C.; Robinson, D.J.; Levine, P.A. Association of preoperative calcium and calcitriol therapy with postoperative hypocalcemia after total thyroidectomy. JAMA Otolaryngol. Head Neck Surg. 2017, 143, 679–684. [Google Scholar] [CrossRef]

	



Kirkby-Bott, J.; Markogiannakis, H.; Skandarajah, A.; Cowan, M.; Fleming, B.; Palazzo, F. Preoperative vitamin D deficiency predicts postoperative hypocalcemia after total thyroidectomy. World J. Surg. 2011, 35, 324–330. [Google Scholar] [CrossRef]

	



Puig-Domingo, M.; Diaz, G.; Nicolau, J.; Fernández, C.; Rueda, S.; Halperin, I. Successful treatment of vitamin D unresponsive hypoparathyroidism with multipulse subcutaneous infusion of teriparatide. Eur. J. Endocrinol. 2008, 159, 653. [Google Scholar] [CrossRef]

	



Almquist, M.; Ivarsson, K.; Nordenström, E.; Bergenfelz, A. 2018 Mortality in patients with permanent hypoparathyroidism after total thyroidectomy. Br. J. Surg. 2018, 105, 1313–1318. [Google Scholar] [CrossRef]

	



Genser, L.; Trésallet, C.; Godiris-Petit, G.; Fui, S.L.S.; Salepcioglu, H.; Royer, C.; Menegaux, F. Randomized controlled trial of alfacalcidol supplementation for the reduction of hypocalcemia after total thyroidectomy. Am. J. Surg. 2014, 207, 39–45. [Google Scholar] [CrossRef]

	



Mitchell, D.M.; Regan, S.; Cooley, M.R.; Lauter, K.B.; Vrla, M.C.; Becker, C.B.; Burnett-Bowie, S.A.M.; Mannstadt, M. Long-term follow-up of patients with hypoparathyroidism. J. Clin. Endocrinol. Metab. 2012, 97, 4507–4514. [Google Scholar] [CrossRef]

	



Stack Jr, B.C.; Bimston, D.N.; Bodenner, D.L.; Brett, E.M.; Dralle, H.; Orloff, L.A.; Pallota, J.; Snyder, S.K.; Wong, R.J.; Randolph, G.W. American association of clinical endocrinologists and American college of endocrinology disease state clinical review: Postoperative hypoparathyroidism-definitions and management. Endocr. Pract. 2015, 21, 674–685. [Google Scholar] [CrossRef] [PubMed]

	



Rowe, C.W.; Arthurs, S.; O’Neill, C.J.; Hawthorne, J.; Carroll, R.; Wynne, K.; Bendinelli, C. High-dose preoperative cholecalciferol to prevent post-thyroidectomy hypocalcaemia: A randomized, double-blinded placebo-controlled trial. Clin. Endocrinol. 2019, 90, 343–350. [Google Scholar] [CrossRef] [PubMed]

	



Seo, S.T.; Chang, J.W.; Jin, J.; Lim, Y.C.; Rha, K.S.; Koo, B.S. Transient and permanent hypocalcemia after total thyroidectomy: Early predictive factors and long-term follow-up results. Surgery 2015, 158, 1492–1499. [Google Scholar] [CrossRef] [PubMed]

	



Pradeep, P.V.; Ramalingam, K. Postoperative PTH measurement is not a reliable predictor for hypocalcemia after total thyroidectomy in vitamin D deficiency: Prospective study of 203 cases. World J. Surg. 2014, 38, 564–567. [Google Scholar] [CrossRef]

	



Agarwal, G.; Aggarwal, V. Is total thyroidectomy the surgical procedure of choice for benign multinodular goiter? An evidence-based review. World J. Surg. 2008, 32, 1313. [Google Scholar] [CrossRef]

	



Moalem, J.; Suh, I.; Duh, Q.Y. Treatment and prevention of recurrence of multinodular goiter: An evidence-based review of the literature. World J. Surg. 2008, 32, 1301–1312. [Google Scholar] [CrossRef]

	



Palazzo, F.F.; Sywak, M.S.; Sidhu, S.B.; Barraclough, B.H.; Delbridge, L.W. 2005 Parathyroid autotransplantation during total thyroidectomy—Does the number of glands transplanted affect outcome? World J. Surg. 2005, 29, 629–631. [Google Scholar] [CrossRef]

	



Zedenius, J.; Wadstrom, C.; Delbridge, L. Routine autotransplantation of at least one parathyroid gland during total thyroidectomy may reduce permanent hypoparathyroidism to zero. Aust. N. Z. J. Surg. 1999, 69, 794–797. [Google Scholar] [CrossRef]

	



Almquist, M.; Hallgrimsson, P.; Nordenström, E.; Bergenfelz, A. Prediction of permanent hypoparathyroidism after total thyroidectomy. World J. Surg. 2014, 38, 2613–2620. [Google Scholar] [CrossRef]

	



Chow, T.L.; Choi, C.Y.; Chiu, A.N.K. Postoperative PTH monitoring of hypocalcemia expedites discharge after thyroidectomy. Am. J. Otolaryngol. 2014, 35, 736–740. [Google Scholar] [CrossRef]

	



Karamanakos, S.N.; Markou, K.B.; Panagopoulos, K.; Karavias, D.; Vagianos, C.E.; Scopa, C.D.; Fotopoulou, V.; Liava, A.; Vagenas, K. Complications and risk factors related to the extent of surgery in thyroidectomy. Results from 2,043 procedures. Hormones 2010, 9, 318–325. [Google Scholar] [CrossRef] [PubMed]

	



Nawrot, I.; Pragacz, A.; Pragacz, K.; Grzesiuk, W.; Barczyński, M. Total thyroidectomy is associated with increased prevalence of permanent hypoparathyroidism. Med. Sci. Monit. Int. Med. J. Exp. Clin. Res. 2014, 20, 1675. [Google Scholar] [CrossRef]

	



Thomusch, O.; Machens, A.; Sekulla, C.; Ukkat, J.; Brauckhoff, M.; Dralle, H. The impact of surgical technique on postoperative hypoparathyroidism in bilateral thyroid surgery: A multivariate analysis of 5846 consecutive patients. Surgery 2003, 133, 180–185. [Google Scholar] [CrossRef] [PubMed]

	



Ritter, K.; Elfenbein, D.; Schneider, D.F.; Chen, H.; Sippel, R.S. Hypoparathyroidism after total thyroidectomy: Incidence and resolution. J. Surg. Res. 2015, 197, 348–353. [Google Scholar] [CrossRef] [PubMed]

	



Bollerslev, J.; Rejnmark, L.; Marcocci, C.; Shoback, D.M.; Sitges-Serra, A.; Van Biesen, W.; Dekkers, O.M. European society of endocrinology clinical guideline: Treatment of chronic hypoparathyroidism in adults. Eur. J. Endocrinol. 2015, 173, G1–G20. [Google Scholar] [CrossRef]

	



Testa, A.; Fant, V.; De Rosa, A.; Fiore, G.F.; Grieco, V.; Castaldi, P.; Persiani, R.; Rausei, S.; D’ugo, D.; De Rosa, G. Calcitriol plus hydrochlorothiazide prevents transient post-thyroidectomy hypocalcemia. Horm. Metab. Res. 2006, 38, 821–826. [Google Scholar] [CrossRef]








[image: Jcm 10 00442 g001 550] 





Figure 1. Patients excluded for analysis from original VIDIT trial. 
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Table 1. Demographics and clinical parameters.






Table 1. Demographics and clinical parameters.





	n = 130
	Intervention

(n = 57)
	Placebo

(n = 73)





	Age: median (Q1, Q3)
	53 (34.5, 61.5)
	56 (40.5, 66.5)



	Female: n (%)
	43 (75.4%)
	57 (78%)



	Body mass index: median (Q1, Q3)
	28.3 (24.9, 32.3)
	30.0 (26.3, 34.9)



	Length of hospital stay: median (Q1, Q3)
	2 (2, 2)
	2 (2, 3)



	Graves’ Disease: n (%)
	18 (31.6%)
	21 (28.8%)



	Goitre: n (%)
	24 (42.1%)
	37 (50.7%)



	Thyroid cancer: n (%)
	15 (26.3%)
	15 (20.5%)



	Pre-dose 25-OH vitamin D (nmol/L) median (Q1, Q3)
	73.2 (58, 90)
	72.5 (58, 90)
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Table 2. Baseline characteristics: lost to follow-up vs. included in analysis.
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	Lost Contact
	Analysed
	p-Value





	n = 150
	20
	130
	



	Age: median (Q1, Q3)
	53 (45.5, 60.2)
	55 (38, 63.3)
	0.78



	Female: (%)
	14 (70%)
	100 (78%)
	



	Body mass index: median (Q1, Q3)
	28.1 (24.7, 34.1)
	29.3 (25.5, 33.7)
	0.75



	Length of hospital stay: median (Q1, Q3)
	2 (2, 2.75)
	2 (2, 2)
	0.68



	Graves’ Disease: n (%)
	7 (35%)
	39 (30%)
	0.70



	Goitre: n (%)
	10 (50%)
	61 (46.9%)
	



	Thyroid cancer: n (%)
	3 (15%)
	30 (23.1%)
	



	Pre-dose 25-OH vitamin D (nmol/L): median (Q1, Q3)
	72 (54.25, 79.75)
	72 (57.75, 90)
	0.4
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Table 3. Incidence of permanent hypoparathyroidism: day 1 PTH ≤ 10 pg/mL vs. day 1 PTH > 10 pg/mL.
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	n = 130
	Day 1 PTH < 10
	Day 1 PTH ≥ 10
	p-Value





	n
	
	36
	94
	



	Permanent Hypoparathyroidism
	Yes = 11 (8.4%)

No = 119 (91.6%)
	3 (8.3%)

33 (91.7%)
	8 (8.5%)

86 (91.5%)
	>0.99
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