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ABSTRACT

Objective: Hypocalcemia is a common complication following thyroidectomy. Vitamin D plays a critical role in calcium regulation. This study aimed to
investigate the relation between preoperative vitamin D levels and postoperative hypocalcemia.

Material and Methods: We conducted a retrospective analysis of 899 patients who underwent total thyroidectomy at our center between 2015 and
2020 due to multinodular goiter, atypia of undetermined significance, follicular lesions, and follicular neoplasia. Patients were excluded if they had a his-
tory of thyroid surgery, Graves' disease, renal failure, incidental parathyroidectomy, or received calcium or vitamin D supplementation before surgery. The
patients were divided into two groups based on their preoperative vitamin D levels: Group 1 (n= 240) with levels <10 ng/mL, and Group 2 (n= 659) with
levels =10 ng/mL. Demographic characteristics and pre- and postoperative laboratory values were compared between the groups.

Results: The female-to-male ratio was 3.22, with an average vitamin D level of 18.94 + 13.28 ng/mL. Vitamin D levels were significantly lower in women
compared to men (p=0.001). In Group 1, the rates of asymptomatic and symptomatic postoperative hypocalcemia were 17.1% and 6.7%, respectively;
while in Group 2, these rates were 11.2% and 3.2% (p=0.020). The average preoperative vitamin D level was 14.79 + 9.4 ng/mL in patients who developed
hypocalcemia and 19.12 + 13.4 ng/mL in those who remained normocalcemic, with this difference being statistically significant (p=0.026).

Conclusion: In our study, we found that preoperative vitamin D level below 10 ng/mL is associated with increased risk of hypocalcemia following
thyroidectomy.
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INTRODUCTION

Thyroidectomy is a common procedure for treating both benign and malignant
thyroid diseases. A common complication of total thyroidectomy is hypocalcemia,
which can be either asymptomatic or symptomatic. Hypocalcemia can pose sig-
nificant risks to patient health and prolong hospital stays.

While most instances are temporary, permanent hypocalcemia necessitates life-
long calcium and vitamin D supplementation. Factors contributing to hypocalce-
mia include patient age, sex, preoperative levels of calcium, vitamin D, and para-
thyroid hormone (PTH), incidental parathyroidectomy, iatrogenic injury to parathy-
roid glands, Graves' disease, reoperation, surgical duration, and the weight of the
resected specimen (1,2). Early prediction of hypocalcemia is crucial for timely
intervention and reducing morbidity.

In this study, we retrospectively evaluated the demographic characteristics, labora-
tory results, postoperative hypocalcemia incidence, and intravenous calcium
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preoperative calcium or vitamin D replacement were excluded
from the study. All surgeries were performed using capsular
dissection technique and energy-based devices.

We recorded patients’ demographic characteristics [age, sex,
body mass index (BMI)], preoperative diagnosis, development
of postoperative hypocalcemia, and intravenous calcium
requirements by reviewing patient files. We documented pre-
operative levels of vitamin D, calcium, PTH, phosphorus, albu-
min, alkaline phosphatase (ALP), and creatinine, as well as
postoperative levels of PTH, calcium, phosphorus, and albumin
at 12 hours. Length of hospital stay and pathological diagnoses
were also recorded and analyzed. Patients were divided into
two groups based on their preoperative vitamin D levels: <10
ng/mL (Group 1, n= 240) and >10 ng/mL (Group 2, n= 659).
Patients with vitamin D levels below 10 ng/mL were considered
deficient. Corrected postoperative calcium values were calcu-
lated using the formula: Corrected calcium= measured calcium
(mg/dL) + 0.8 X [4 - serum albumin (g/dL)].

Symptomatic hypocalcemia was defined by symptoms such as
numbness around the mouth, muscle cramps, positive
Chvostek or Trousseau signs, and cardiac arrhythmias following
total thyroidectomy. Postoperative hypocalcemia was defined
as a corrected calcium level below 8 mg/dL, regardless of
symptoms. Patients with symptomatic hypocalcemia were
treated with intravenous or oral calcium and oral calcitriol. The
study was approved by the ethics committee of our institution,
and informed consent was obtained from all participants (2018,
Number: 4.8.21-153183).

Biochemical Analysis

Vitamin D levels were measured using high-performance liquid
chromatography with an auto-analyzer (ZIVAK Technologies,
Turkiye). Calcium, PTH, albumin, phosphorus, and ALP levels
were measured using spectrophotometric and chemilumines-
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cence methods with an auto-analyzer (Cobas 4000, Roche
Diagnostic, Basel, Switzerland). The reference values in our labo-
ratory were= serum calcium 8.2-10.2 mg/dL, vitamin D >30 ng/
mL, PTH 15-65 pg/mL, albumin 3.5-5.2 g/dL, phosphorus 2.5-4.5
mg/dL, ALP 40-130 U/L, and creatinine 0.5-0.9 mg/dL.

Statistical Analysis

We used the number cruncher statistical system program for
statistical analysis. Descriptive statistics (mean, standard devia-
tion, median, frequency, percentage, minimum, maximum)
were employed. Student’s t-test was used for comparing nor-
mally distributed quantitative variables between two groups
while Mann-Whitney U test was used for non-normally distrib-
uted variables. Paired t-test was used for comparing normally
distributed variables within the groups, and Wilcoxon signed-
ranks test was used for non-normally distributed variables.
Pearson Chi-square test was used for categorical data. A p-value
of <0.05 was considered statistically significant.

RESULTS

The study included 899 patients who underwent total thyroid-
ectomy between January 1, 2015, and December 30, 2020.
Severe vitamin D deficiency is defined as vitamin D level below
10 ng/mL. Group 1 had 240 patients with vitamin D levels <10
ng/mL, and Group 2 had 659 patients with vitamin D levels >10
ng/mL. The mean age, gender distribution, BMI, preoperative
diagnosis, and postoperative pathology are detailed in Table 1.
A significantly higher rate of low vitamin D levels was observed
in females compared to males (p=0.001) (Table 1).

In Group 1, there was a significant decline of 0.74 + 0.46 mg/dL
in postoperative calcium levels compared to preoperative lev-
els (p=0.001). Group 2 also experienced a significant decrease
of 0.75 £ 0.52 mg/dL in postoperative calcium levels (p=0.001)
(Table 2). In addition, both groups experienced a significant
decrease in postoperative albumin levels compared to preop-

Table 1. Demographic values of the study groups
Group 1 (n=240) Group 2 (n=659) p
Age mean =+ sd 52021248 5329+£11.82 20.161
Male 35(14.6) 178 (27)
Sex €0.001**
Female 205 (85.4) 481 (73)
BMI mean + sd 2814+ 567 28.13+£538 b0.551
Hospital stay after surgery (day) mean + sd 1.07+£033 1.04+£0.21 b0.306
AUS/FLUS 36 (15) 159 (24.1)
Preoperative diagnosis MNG 188 (78.3) 465 (70.6) €0.012*
Follicular neoplasia 16 (6.7) 35(5.3)
Postoperative pathology Benign 147 (61.3) 405 (61.5) <0.955
Malign 93 (38.8) 254 (38.5) ’
3Student’s t test. "Mann-Whitney U test, “Pearson Chi-square test.
*p< 0.05, *p< 0.01.
BMI: Body mass index.
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erative levels (Group 1 0.29 + 0.3 mg/dL, p=0.001; Group 2 0.32
+ 0.33 units, p= 0.001).

Preoperative phosphorus levels were significantly higher in
Group 2 (3.38 + 0.51 mg/dL) compared to Group 1 (3.28 + 0.55
mg/dL, p=0.016). Group 2 had significantly higher preoperative
serum creatinine levels compared to Group 1 (0.73 £ 0.17 mg/
dL vs. 067 £ 0.15 mg/dL, p= 0.001).

Preoperative and postoperative PTH levels were significantly
higher in Group 1 compared to Group 2 (p= 0.001). Group 1
exhibited a significant mean decrease of 21.73 + 28.71 pg/mL
in PTH levels postoperatively (p= 0.001) while Group 2 had a
decrease of 1647 + 2242 pg/mL (p= 0.001). The change in
postoperative PTH levels was significantly greater in Group 1
compared to Group 2 (p= 0.020) (Table 2).

The incidence of asymptomatic and symptomatic hypocalcemia
was lower in Group 2 compared to Group 1 (p= 0.020). There
was no significant difference in the need for intravenous calcium
supplementation between the groups (p> 0.05) (Table 2).

Normocalcemic patients had a significant mean decline of 0.75
+ 0.5 mg/dL in postoperative calcium levels compared to pre-
operative levels (p= 0.001) while hypocalcemic patients had a
decline of 0.93 + 0.47 mg/dL (p=0.001). The change in postop-
erative calcium levels was significantly greater in hypocalcemic
cases compared to normocalcemic cases (p= 0.014) (Table 3).
There was no significant difference in preoperative PTH values
between the groups (p> 0.05). Postoperative PTH levels were
significantly higher in normocalcemic cases compared to
hypocalcemic cases (p= 0.001). Normocalcemic cases experi-
enced a significant mean PTH decline of 17.19 + 24.06 pg/mL
(p=0.001) while hypocalcemic cases had a decline of 33.64 +
26.18 pg/mL (p= 0.001). The change in PTH levels was signifi-
cantly greater in hypocalcemic cases (p= 0.001). Vitamin D lev-
els were significantly higher in normocalcemic cases compared
to hypocalcemic cases (p= 0.026). Postoperative hypocalcemia
was observed in 12.79% of 899 patients. Of those 12.79%, 0.01%
was permanent and 12.78% was transient hypocalcemia.

Table 2. Biochemical values of the study groups

Group 1 Group 2 p
Preoperative calcium (mg/dL) mean * sd 9.35+ 044 9.45 + 041 %0.001**
Postoperative calcium (mg/dL) mean + sd 861 +049 8.7+£048 20.017*
Preoperative PTH (pg/mL) mean + sd 6148 +27.27 477+17.98 50.001**
Postoperative PTH (pg/mL) mean + sd 39.75 +30.89 312321 50.001**
Preoperative ALP (U/L) mean =+ sd 755+ 2468 7203 +2838 b0.023*
Normocalcemia 199 (82.9) 585 (88.8)
Hypocalcemia €0.020*
Hypocalcemia 41 (17.1) 74(11.2)

Present 16 (6.7) 21(3.2)
Symptomatic hypocalcemia €0.020*

Absent 224(93.3) 638 (96.8)

. . Present 10 (4.2) 20(3)

Intravenous calcium requirement €0.403

Absent 230(95.8) 639 (97)
3Student’s t test, °Mann-Whitney U test, “Pearson Chi-square test, %Paired samples test, *Wilcoxon signed ranks test.
*p< 0.05, *p< 0.01.
PTH: Parathyroid hormone.
Table 3. Comparison of biochemical values based on calcium levels

Normocalcemia Hypocalcemia p
Preoperative calcium (mg/dL) mean + sd 944 +0.42 9.2+0.39 20.001**
Postoperative calcium (mg/dL) mean =+ sd 8.69 £ 048 8.28 £ 0.54 20.001%*
Preoperative PTH (pg/mL) mean + sd 5154+ 2173 4762+216 b0.23
Postoperative PTH (pg/mL) mean =+ sd 3434 +2422 1398 £17.59 50.001**
Vitamin D (ng/mL) mean + sd 1912+134 1479+ 94 b0.026*
Age mean + sd 532+11.87 4716+ 13.7 20.003%**
Male 198 (92.96) 15 (7.04)
Sex €0.002**
Female 586 (85.42) 100 (14.57)

*p< 0.05, *p< 0.01.
PTH: Parathyroid hormone.

3Student’s t test, ®Mann-Whitney U test, “Pearson Chi-square test, 9Paired samples test, “Wilcoxon signed ranks test.
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DISCUSSION

Our study indicates that low preoperative vitamin D levels may
serve as a risk marker for postoperative hypocalcemia.
Measuring and managing preoperative vitamin D levels could
potentially enhance postoperative outcomes and reduce mor-
bidity and costs.

One of the strengths of our study is that it was conducted on a
large and comprehensive patient population. To our knowl-
edge, there are no studies in the literature with a patient series
as high as ours that evaluate the effect of vitamin D levels on
the risk of hypocalcemia. Another strength is that we excluded
patients with other risk factors that could cause hypocalcemia
and standardized the impact of different surgical experience.
However, a limitation of the study is its retrospective nature.

Hypocalcemia following thyroidectomy is a significant concern
due to its impact on patient morbidity, extended follow-up
requirements, and increased hospital costs. Permanent hypoc-
alcemia, defined as lasting more than six months, can lead to
lifelong calcium and vitamin D supplementation (3). The inci-
dence of temporary hypocalcemia varies widely in the litera-
ture, ranging from 0.3% to 49%, while permanent hypocalce-
mia has been reported 0-13% (4). In our study, postoperative
hypocalcemia was observed in 12.79% of 899 patients.

Several factors contribute to postoperative hypocalcemia,
including injury or ischemia of the parathyroid glands, inciden-
tal parathyroidectomy, parathyroid reimplantation, female sex,
Graves' disease, the surgeon’s experience and technique, pre-
operative calcium and vitamin D levels, PTH levels, reoperation,
and extensive neck dissection (1,5,6). A prospective study indi-
cated that surgical technique is a major determinant of postop-
erative hypocalcemia (7). In our study, all thyroidectomies were
performed by two experienced endocrine surgeons using a
consistent technique.

Despite numerous studies investigating risk factors for postop-
erative hypocalcemia, the role of preoperative vitamin D defi-
ciency remains controversial. Some studies support the link
between vitamin D deficiency and hypocalcemia, while others
do not (8-11). Vitamin D deficiency can exacerbate postopera-
tive hypocalcemia because, in the presence of vitamin D defi-
ciency, PTH compensates by increasing calcium reabsorption
from bones and kidneys to maintain normocalcemia (12).
However, when transient hypoparathyroidism occurs post-sur-
gery, patients with vitamin D deficiency are more prone to
hypocalcemia due to the loss of this compensatory mechanism
(13). A study found that patients with preoperative vitamin D
deficiency had a higher risk of hypocalcemia and elevated post-
operative PTH levels compared to those with normal vitamin D
levels (14). Conversely, another study suggested that preopera-
tive PTH measurement could be misleading due to secondary
hyperparathyroidism in patients with vitamin D deficiency (15).
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Vitamin D deficiency is a prevalent issue in Turkiye (16,17). In
our study, a cut-off value of 10 ng/mL for preoperative vitamin
D was used. Severe vitamin D deficiency is encountered below
this cut-off value. Using a lower cut-off value allows to examine
the impact of severe deficiency on postoperative outcomes,
providing insights into whether very low vitamin D levels are
particularly predictive of hypocalcemia. Our study showed that
patients with vitamin D levels <10 ng/mL had higher rates of
biochemical and symptomatic hypocalcemia (17.1% and 6.7%,
respectively) compared to those with levels >10 ng/mL (11.2%
and 3.2%, respectively) (p= 0.020). This result demonstrates a
significant effect of preoperative vitamin D levels on postopera-
tive hypocalcemia. Similarly, in a prospective study of 166
patients with three groups based on their vitamin D levels: <10
ng/mL, 10-20 ng/mL, and >20 ng/mL, the study found postop-
erative hypocalcemia rates of 32%, 24%, and 13%, respectively,
highlighting a significant association between vitamin D levels
and postoperative hypocalcemia (14). In another study, vitamin
D cut-off of <30 ng/mL significantly increased the risk of post-
operative hypocalcemia (18). In our study, mean vitamin D level
was 14.79 £ 94 ng/mL in hypocalcemic patients and 19.12 +
13.4 ng/mL in normocalcemic patients, with a significant differ-
ence between these groups (p= 0.026; p< 0.05).

Although many studies support the association between low
preoperative vitamin D levels and increased risk of postoperative
hypocalcemia, some studies indicate no significant correlation
between preoperative vitamin D levels and postoperative
hypocalcemia (19-22). For example, a retrospective study has
found no predictive value of preoperative vitamin D levels for
postoperative hypocalcemia in benign thyroid conditions (23).
One study has even suggested that low preoperative vitamin D
levels might have a protective effect against hypocalcemia by
inducing parathyroid hypertrophy and increased PTH secretion
(24). Another study has concluded that PTH levels, rather than
vitamin D levels, are the most accurate predictor of postopera-
tive symptomatic hypocalcemia (10). Our study observed signifi-
cant differences in postoperative calcium levels and hypocalce-
mia incidence (p= 0.017, p= 0.020), aligning with the literature.

A prospective study noted a significant decrease in pre- and
postoperative PTH levels among those with vitamin D defi-
ciency, suggesting that postoperative PTH levels were inade-
quate for predicting hypocalcemia (25). In our study, significant
changes in preoperative and postoperative PTH levels were
observed in vitamin D deficient patients (Group 1) compared to
those with sufficient vitamin D levels (Group 2) (p= 0.001, p=
0.020). Postoperative PTH levels were lower in hypocalcemic
patients, with a greater change compared to normocalcemic
patients (p= 0.001). No significant relationship was found
between preoperative PTH levels and hypocalcemia (p= 0.230).
Other studies also demonstrate the association between post-
operative PTH levels and hypocalcemia risk (25-27).
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Our study revealed a significant sex difference, with a higher
rate of vitamin D deficiency in women compared to men (p=
0.001). The incidence of hypocalcemia was also higher in
females (14.6% vs. 7%, p= 0.002). Consistent with our findings,
some studies show lower preoperative vitamin D levels and
higher hypocalcemia rates in women (28). Additionally, female
gender is often associated with increased risk of postoperative
hypocalcemia (29,30).

Additionally, our study noted significant sex differences, with
higher rates of vitamin D deficiency and postoperative hypoc-
alcemia in women (p= 0.001; p= 0.002). This finding is consist-
ent with some literature that reports lower preoperative vita-
min D levels and higher hypocalcemia rates in women (28-30).
Furthermore, we found that patients with postoperative hypoc-
alcemia were significantly younger (p= 0.003) though no sig-
nificant correlation between vitamin D levels and age was
observed (p=0.16).

We found that patients with postoperative hypocalcemia were
significantly younger than those with normal calcium levels (p=
0.003) although no significant correlation was found between
vitamin D levels and age (p= 0.16). One study reported that
older patients had a higher mean age and a greater risk of post-
operative hypocalcemia (28).

Although our study encompassed a wide patient population,
there are conflicting findings in the literature regarding this
topic. Further studies are needed to confirm and support our
findings.

CONCLUSION

According to our data, preoperative vitamin D level below 10
ng/mL is associated with postoperative hypocalcemia.
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ORIJINAL CALISMA-OZET
Turk J Surg 2024; 40 (4): 296-302

Ameliyat 6ncesi D vitamini degerlerinin total tiroidektomi sonrasi hipokalsemi lizerine
etkisi
Manar Mahdi Qanbar, Selen Soylu, Serkan Teks6z

istanbul Universitesi-Cerrahpasa, Cerrahpasa Tip Fakultesi, Genel Cerrahi Anabilim Dali, istanbul, Turkiye

OZET

Giris ve Amag: Hipokalsemi, tiroidektomi ameliyatinin sik goériilen komplikasyonlarindan biridir. D vitamini, kalsiyum homeostazinda 6nemli bir
role sahiptir. Calismamizda preoperatif D vitamini diizeyinin postoperatif hipokalsemi ile iliskisini arastirmayi hedefledik.

Gereg ve Yontemler: Merkezimizde 2015-2019 yillari arasinda multinoduler guatr, &nemi belirsiz atipi, dnemi belirsiz folikiler lezyon ve folikiler
neoplazi nedeniyle total tiroidektomi yapilan toplam 899 hasta retrospektif olarak tarandi. Graves hastaligi, bobrek yetersizligi tanisi olan, insi-
dental paratiroidektomi saptanan, daha 6nce tiroid ameliyati gecirenler ve preoperatif donemde kalsiyum veya D vitamini takviyesi alan hastalar
calisma disi birakildi. Hastalar preoperatif D vitamini degerlerine gore iki gruba ayrildi. Grup 1 (n= 240); D vitamini <10 ng/mL olan hastalar ve Grup
2 (n=659) ise D vitamini >10 ng/mL olarak olusturuldu. Her iki gruptaki hastalarin demografik 6zellikleri, preoperatif ve postoperatif laboratuvar
degerleri ve hipokalsemi gelisme orani karsilastirildi.

Bulgular: Kadin-erkek orani 3,22 olarak izlendi. Ortalama D vitamini degeri 18,94 + 13,28 ng/mL olarak tespit edildi. Kadinlarda D vitamini diizey-
leri, erkeklere gore istatistiksel olarak anlamli diizeyde dusiik saptandi (p=0,001). Grup 1'de postoperatif asemptomatik ve semptomatik hipokal-
semiorani sirasiyla %17,1 ve %6,7 iken, Grup 2'de bu oran sirasiyla %11,2 ve %3,2 olarak saptandi (p= 0,02). Hipokalsemik hastalarda, preoperatif D
vitamini ortalamasi 14,79 + 9,4 ng/mL saptanmisken, normokalsemik hastalarda 19,12 + 13,4 ng/mL olarak saptandi ve bu fark istatistiksel olarak
anlamh bulundu (p=0,026).

Sonug: Calismamizda, preoperatif vitamin D seviyesinin 10 ng/mLnin altinda olmasinin tiroidektomi sonrasi hipokalsemi riskini arttirdigi sonu-
cuna vardik.

Anahtar Kelimeler: Preoperatif vitamin D, hipokalsemi, tiroidektomi
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