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Background: This study was designed to investigate the impact of serum magnesium (Mg)
levels on hypocalcemia after thyroidectomy.

Patients and methods: In total, 242 patients with differentiated thyroid cancer were
retrospectively analyzed.

Results: Multivariate regression analysis showed hypomagnesemia was an independent risk
factor for hypocalcemia (P<0.001). While Mg in low levels (0.66 mmol/L < Po-Mg <0.74
mmol/L) increased the risk of hypocalcemia, postoperative serum Ca (Po-Ca) levels were
significantly lower in patients with hypomagnesemia than in patients with normomagnesemia
(P=0.01), and the former patients suffered significant decreases in serum Ca (P=0.02).
Compared to patients with a mild decline of serum Mg after surgery (AMg <0.17), serum
Ca decline significantly increased (P<0.001) in patients with a severe decline of serum Mg
(AMg >0.17), while the change in amounts of parathyroid hormone (PTH) after surgery was
similar between the two groups (P>0.05). In patients with normal Po-Ca levels, hypomag-
nesemia increased the risk of symptoms related to hypocalcemia by 4.478 times (OR =5.478,
95% CI 1.724-17.403).

Conclusion: Hypomagnesemia, or even a low serum Mg level within the normal range, can
increase the risk of hypocalcemia. After excluding the potential effects of PTH on serum
magnesium and calcium, serum Mg reduction is one of the most important factors that
influences postoperative serum Ca reduction. What’s more, hypomagnesemia is closely
linked with symptoms.
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Thyroid carcinoma is the most common type of malignant tumor in the endocrine
system, accounting for 1% of the systemic malignant tumors. In recent years, the
incidence of thyroid cancer has increased rapidly. In 2015, there were approxi-
mately 90,000 new cases in China (22,200 males and 67,900 females), accounting
for 6.55/100,000 in the general population. In addition, in females under 30 years
old, thyroid carcinoma is the most common malignant tumor,' and 89.9% are
papillary carcinoma.” Comprehensive treatment based on surgery, including post-
operative radioactive iodine ablation therapy and thyroid-stimulating hormone
(TSH) suppression therapy, is necessary for patients with thyroid cancer.’

The prognosis of thyroid carcinoma is rather good. The 5-year survival rate for
localized thyroid cancer is 99.9%. The ten-year overall survival and cause-specific
survival by surgery for differentiated thyroid carcinoma were 89.5-90.8% and
96.6-98.6%, respectively.” However, postoperative complications like hypopar-
athyroidism and recurrent laryngeal nerve injury can have a large impact on the
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postoperative living quality of patients.* The prevalence of
hypocalcemia caused by hypoparathyroidism can reach up
to 28.8%, including transient hypocalcemia (27.9%) and
permanent hypocalcemia (0.9%).”> Further, some patients
may suffer from hypomagnesemia at the same time. The
prevalence of postoperative hypomagnesemia is about 10—
72%%® and is related to hypocalcemia (RR =2.65,
P=0.002).” The relationship between calcium (Ca) and
magnesium (Mg) metabolism is complex and mainly
relates to the interaction of these cations with parathyroid
hormone (PTH).>'® There is a hypothesis that both post-
operative hypocalcemia and hypomagnesemia are the
result of the reduction of postoperative PTH (Po-PTH)
since Mg levels can also be affected by PTH, which
stimulates Mg reabsorption in the kidney and small intes-
tine and Mg release from bone. Therefore, PTH greatly
influences the regulation of the balance of Ca and Mg.
Nevertheless, most recent studies neglected the potential
impact of PTH when exploring the role of serum Mg in
hypocalcemia; thus, the results of these studies did not
reach an agreement. Garrahy et al” showed that postopera-
tive hypomagnesemia is an independent risk factor of
postoperative hypocalcemia. When patients have post-
operative hypocalcemia with hypomagnesemia, correcting
Mg
hypocalcemia.'

levels helps to relieve symptoms related to
However, Xiaofei’ showed that post-
operative hypomagnesemia was not a risk factor of hypo-
calcemia, and thus, that there is no need to monitor serum
Mg

Preoperative preventive Mg supplements could even raise

levels regularly during perioperative period.
the risk of postoperative hypocalcemia.'? Therefore, more
research is essential to demonstrate the relationship
between Mg and postoperative hypocalcemia, and more
importantly, to reach a consensus on how to prevent post-
operative hypocalcemia.

Our study discusses, from different perspectives, the
relationship between postoperative hypocalcemia and
serum Mg levels in patients with differentiated thyroid
carcinoma on the basis of excluding the confounding
influence of PTH in order to provide new evidence for
the prevention

and management of postoperative

hypocalcemia.

Materials and methods

Study criteria
This study retrospectively analyzed 261 patients who had a
thyroidectomy in Xiangya Hospital of Central South

University during September 2017 to May 2018, of
which 19 patients were excluded due to a lack of informa-
tion or not meeting the inclusion criteria. In total, 242
patients were included. All the surgeries were performed
by the same surgeon, and the treatment during the perio-
perative period was performed by the same medical care
team. Background information was collected from all
patients, including age, gender, surgery records, and post-
operative pathology, etc. The study protocols were
approved by the Ethics Committee of Xiangya Hospital,
Central South University (Changsha, China). All study
participants provided written informed consent to indicate
their agreement for the clinical data to be used in clinical
research and publication.

Inclusion criteria included patients with differentiated
thyroid cancer who underwent thyroidectomy. Exclusion
criteria included a previous history of thyroid surgery,
abnormal serum albumin, PTH and/or Mg, and other
underlying conditions, such as chronic kidney disease,
primary and secondary hyperparathyroidism, pregnancy,
serious diseases, and the use of drugs that affect blood
Ca, PTH, and Mg levels, including lithium, octreotide,
antiepileptic, glucocorticoid, diphosphate diuretic, and
estrogen.

Diagnostic criteria

Serum Ca, Mg, PTH, and albumin levels were measured
before and on the first day after operation. PTH was
measured using the electrochemical luminescence immu-
noassay. Serum Ca and Mg were measured using the O-
methylphenolphthalein complexone method. The normal
reference value of PTH is 15-65 pg/mL, and the normal
range of serum Ca and Mg is 2.0-2.6 mmol/L and 0.66—
1.07 mmol/L, respectively.

Postoperative hypocalcemia includes biochemical and
symptomatic hypocalcemia, and biochemical hypocalcemia
was defined as serum calcium less than 2.0 mmol/L. Patients
who presented symptoms like extremities, acupuncture
numbness of hands, feet and mouth, trembles, convulsion,
arrthythmia, positive Chvostek and Trousseau signs were
defined as symptomatic hypocalcemia.'® Serious hypocalce-
mia patients can have systemic skeletal muscle spasm, limb
twitches, and even life-threatening respiratory muscle and
myocardium involvement. Patients with serum Mg below
0.66 mmol/L were diagnosed with hypomagnesemia.
Adjusted serum Ca was calculated using the following for-
mula: Adjusted Ca=0.8*(4.0—serum albumin)+serum Ca. A
decline in PTH, Ca, and Mg was defined using the following
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formulas: APTH=Pre-surgical PTH (Pre-PTH)-Post-surgical
PTH (Po-PTH); ACa=Pre-surgical Ca (Pre-Ca)-Post-surgi-
cal Ca (Po-Ca); AMg=Pre-surgical Mg (Pre-Mg)—Post-sur-
gical Mg (Po-Mg)

Grouping method

Five grouping methods were used according to different
analytical purposes. First, to investigate the risk factors of
postoperative hypocalcemia, a case—control study model
was used and patients were subdivided into two groups:
hypocalcemia and normal (patients without hypocalce-
mia). Second, to explore the impact of serum Mg at the
low level of the normal range, patients were grouped into
three groups according to Po-Mg level: hypomagnesemia
(HM, Po-Mg <0.66 mmol/L), low level of normal range
(LL, 0.66 mmol/L < Po-Mg <0.74 mmol/L), and high level
of normal range (HL, Po-Mg >0.74 mmol/L). Third, to
better illustrate the influence of serum Mg on serum Ca,
patients were divided into two groups: hypomagnesemia
(patients with serum Mg below 0.66 mmol/L) and normo-
magnesemia (patients with normal serum Mg). A fourth
grouping method was adopted for the same purpose as the
third, and patients were divided into two groups according
to AMg: mild decline of serum Mg (patients with AMg
<0.17) and severe decline of serum Mg (patients with
AMg >0.17). Fifth, to investigate whether hypomagnese-
mia is associated with symptoms, patients were divided
into four groups: B-S- (patients with normal serum Ca
without symptoms), B-S+ (patients with normal serum
Ca, but with symptoms), B+S- (patients with serum Ca
below 2.0 mmol/L without symptoms), and B+S+ (patients
with serum Ca below 2.0 mmol/L as well as symptoms)."?

Postoperative management

A 2000 mL fluid infusion was routinely administered
during the perioperative period; after anesthesia recovery,
a small liquid diet was allowed. On the first day after
surgery, patients were subjected to a serum test to reex-
amine serum Ca, Mg, and PTH levels. If the postopera-
tive serum Ca and PTH were normal and the patient was
without discomfort, hospital discharge was permitted on
the first or second postoperative day. All patients with
hypocalcemia were given oral Ca supplements (Ca car-
bonate 1.2-3.6 g/d). For those who had symptoms, an
intravenous injection of 10% Ca gluconate 1020 mL
was given slowly twice a day, and oral administration
of a Ca tablet containing vitamin D was given three times
a day. Serum Ca and PTH levels were monitored, and

calcitriol was given if necessary. Medications were
stopped after serum Ca and PTH levels returned normal.
In our study, the lowest value of serum Mg was 0.54
mmol/L. None of the patients took Mg supplements, and
all patients recovered to normal serum Mg levels when

reexamined a month postoperatively.

Statistical analysis

SPSS19.0 statistical software was used to analyze the data
obtained in the study. The measurement data complying
with proper distribution are shown as the mean value and
standard deviation. An independent-sample ¢ test or var-
iance analysis was used for inter-group comparison.
Counting data were expressed in terms of frequency and
incidence, while the comparison between counting data
sets was performed by the Chi-square test and the Fisher
precise test. Logistic regression analysis was used for
multivariate analysis, and P<0.05 was considered statisti-

cally significant.

Results

Baseline group characteristics

In total, 242 patients with differentiated thyroid cancer
were analyzed, of which there were 54 males (22.3%)
and 188 females (77.7%). Their age range was 21-71
years, with a median age of 43 years. All patients with
papillary thyroid carcinoma underwent central lymph node
dissection (CND), of which 57 (23.5%) underwent unilat-
eral CND, and the rest underwent bilateral CND. There
were 52 (21.5%) cases with lateral lymph node dissection
(LND), 24 (9.9%) cases with unilateral lobectomy, and
218 (90.1%) cases with total thyroidectomy. Further, 59
(24.4%) patients were found to have parathyroid gland
dissection and accepted autotransplantation into the ster-
nocleidomastoid. During the operation, the parathyroid
glands were routinely searched, and 190 (78.5%) were
found to have more than three parathyroid glands. Also,
87 (36.0%) patients were diagnosed with vitamin D defi-
ciency before surgery. There were 123 (50.8%) cases of
hypoparathyroidism after operation. The incidence of post-
operative hypocalcemia was 38.4%, and 56 (23.1%)
patients had symptoms. Additionally, 48 (19.8%) patients
suffered from hypomagnesemia after operation, account-
ing for 32.3% of all patients with hypocalcemia. The
percentage of other traits in all patients with hypocalcemia

is shown in Table 1.
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Table | Univariate and multivariate analysis of the effect of variables on the risk of postoperative hypocalcemia

Clinical factors Normal Hypocalcemia Univariate Multivariate
fi 1% fi 1%
(frequency/%) (frequency/%) P p OR (95% Cl)
Gender Male 46/85.2 8/14.8 <0.001 <0.001 6.08 (2.39, 15.43)
Female 103/54.8 85/45.2
Age 255 23/62.2 14/37.8 0.94 - -
<55 126/61.5 79/38.5
Extent of surgery UTL 23/95.8 1/4.2 <0.001 0.038 9.63 (1.31, 81.91)
TT 126/57.8 92/42.2
CND Unilateral 42/73.7 15/26.3 0.03 0.734 -
Bilateral 107/57.8 78/42.2
LND Yes 21/40.4 31/59.6 <0.001 0.008 2.99 (1.33, 6.71)
No 128/67.4 62/32.6
VD deficiency Yes 50/57.5 37/42.5 0.33 0.184 -
No 99/63.9 56/36.1
Parathyroid number 23 Yes 117/61.6 73/38.4 | - -
No 32/61.5 20/38.5
Hypoparathyroidism Yes 53/43.1 70/56.9 <0.001 <0.001 4.23 (2.21, 8.35)
No 96/80.7 23/19.3
Auto-T Yes 30/50.8 29/49.2 0.05 0.503 -
No 119/65.0 64/35.0
Hypomagnesemia Yes 18/37.5 30/62.5 <0.001 <0.001 4.66 (1.97, 11.02)
No 131/67.5 63/32.5
Pre-Ca 2.00-2.34 52/48.1 56/51.9 <0.001 0.002 0.37 (0.20, 0.70)
2.34-2.60 97/73.4 37/26.6
Pre-Mg/mmol L' 0.88 (0.83, 0.93) 0.87 (0.83, 0.91) 0.53 - -
Pre-PTH/pg mL™" 45.04 (34.75, 58.68) 40.43 (31.48, 53.82) 0.05 - -

Abbreviations: UTL, unilateral lobectomy; TT, total thyroidectomy; CND, central lymph node dissection; LND, lateral lymph node dissection; VD, vitamin D; Auto-T,

autotransplantation; Pre, preoperative; Po, postoperative.

Analysis of risk factors for postoperative

hypocalcemia

Univariate analysis showed that postoperative hypocalcemia
was associated with gender, extent of surgery, LND, hypo-
parathyroidism, hypomagnesemia, Po-PTH, Po-Ca, Pre-Ca,
and Po-Mg (P<0.05). The incidence of hypocalcemia in
females with differentiated thyroid cancer was significantly
higher than in males (45.2% vs 14.8%, P<0.001). Patients
with unilateral lobectomies had lower incidence of hypocal-
cemia than those who underwent total thyroidectomy (4.2%
vs 42.2%, P<0.001). Patients with LND were more prone to
hypocalcemia after surgery (P<0.001). Hypocalcemia inci-
dence in patients with unilateral CND, bilateral CND and

LND was 26.3%, 42.2%, and 59.6%, respectively. The
greater the extent of cervical lymph node dissection, the
higher the risk of postoperative hypocalcemia, with a signifi-
cant level of correlation (P<0.05). The incidence of hypocal-
cemia in the hypoparathyroidism group increased 1.92 times,
compared to the normal parathyroid function group.
Additionally, compared to normal patients, Po-Mg levels in
patients with hypocalcemia significantly decreased (0.68
+0.06 mmol/L vs 0.74+0.07, P<0.001), similar to Pre-Ca.
Detailed information is shown in Table 1.

Logistic regression analysis showed that gender, extent of
surgery, LND, Pre-Ca, hypoparathyroidism, and hypomag-
nesemia were independent risk factors for postoperative
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hypocalcemia (P<0.05). Female gender, total thyroidectomy,
LND, hypoparathyroidism, hypomagnesemia, and Pre-Ca at
the lower level of the normal range (2.00 mmol/L < Pre-Ca
<2.34 mmol/L) would, respectively, increase the risk of
developing hypocalcemia (Table 1).

Effect of serum Mg at the low level of the

normal range on hypocalcemia

To analyze whether serum Mg at the low level of the normal
range is a risk factor for hypocalcemia, patients were divided
into three groups according to Po-Mg level: hypomagnese-
mia (HM), low level of normal range (LL), and high level of
normal range (HL). Compared to the LL group, the incidence
of hypocalcemia was significantly higher in the HM group
(62.5% vs 43.3%, P=0.028), and was significantly lower in
the HL group (20.0% vs 43.3%, P=0.001). The risk of
hypocalcemia in the LL group, determined by regression
analysis, was lower than that of the HM group (OR =0.39,
95% C1 0.16—-1.00) and higher than that of the HL group (OR
=4.69, 95% CI 2.11-10.39) (Table 2).

Serum Mg reduction causing Ca

reduction
Serum Mg and Ca can be regulated by PTH at the same time.
To further explore whether serum Mg and Ca reductions are

the common results of postoperative PTH decline or whether
serum Mg reduction is one of the causes of serum Ca reduc-
tion, patients were divided into hypomagnesemia and nor-
momagnesemia groups according to their Po-Mg level. The
differences in Po-Ca value and ACa were analyzed.
According to the results revealed in the section “Analysis
of risk factors for postoperativehypocalcemia”, gender,
extent of surgery, LND, Pre-Ca, and PTH can affect Po-Ca,
so these indicators can be seen as confounding factors; how-
ever, none of these factors showed a statistical difference
between these two groups, except for LND. After excluding
the confounding influence of LND by excluding patients
without LND, univariate analysis showed that only Po-Ca
and ACa were significantly different between these two
groups: Po-Ca levels were significantly lower (P=0.01) and
ACa was markedly increased (P=0.02) in the hypomagnese-
mia group (Table 3). Furthermore, there was a significant
difference in Po-Ca and ACa (P<0.001), but no statistical
difference (P>0.05) in Pre-Ca, Pre-PTH, Po-PTH, APTH,
gender, or extent of surgery between the group with mild
decline and one with severe decline of serum Mg after
surgery. (Table 4).

Effect of hypomagnesemia on symptoms
In order to analyze whether hypomagnesemia would
increase the risk of symptoms, we subdivided patients

Table 2 Multivariate analysis of risk factors for postoperative hypocalcemia after serum Mg stratification

Clinical factors P OR (95% CI)

Female <0.001 7.86 (2.92, 21.20)

LND 0.002 3.93 (1.62, 9.52)

Hypoparathyroidism <0.001 5.13 (2.52, 10.42)

Pre-Ca at high level (2.3< Pre-Ca <2.60) 0.006 0.39 (0.20, 0.76)
Po-Mg <0.66 as reference Po-Mg 20.74/mmol L' <0.001 0.08 (0.03, 0.24)

0.66< Po-Mg <0.74 0.049 0.39 (0.1, 1.00)
Po-Mg 20.74 as reference Po-Mg <0.66/mmol L' <0.001 11.92 (4.21, 33.70)

0.66< Po-Mg <0.74 <0.001 4.69 (2.11, 10.39)

Extent of surgery 0.051 -

CND 0.956 -

VD deficiency 0.336 -

Pre-Mg 0.803 -

Auto-T 0.567 -

Abbreviations: UTL, unilateral lobectomy; TT, total thyroidectomy; CND, central lymph node dissection; LND, lateral lymph node dissection; VD, vitamin D; Auto-T,

autotransplantation; Pre, preoperative; Po, postoperative.
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Table 3 Differences in Po-Ca and ACa levels between normomagnesemia and hypomagnesemia groups after excluding patients with

LND
Variable Normomagnesemia Hypomagnesemia P
MeaniSD/median (quartile)/frequency (%) MeanitSD/median (quartile)/frequency (%)

Pre-Ca/mmol L' 2.34%0.10 2.34+0.08 0.69
Pre-PTH/pg mL™' 43.31 (31.59, 56.06) 39.62 (32.93, 54.25) 0.50
Po-PTH/pg mL™"' 16.6 (7.20, 27.00) 13.8 (6.10, 25.70) 0.55
APTH 23.43 (14.06, 37.44) 24.27 (11.47, 40.64) 0.87
Po-Ca/mmol L' 2.05 (1.98, 2.15) 1.98 (1.90, 2.07) 0.0l
ACa 0.28 (0.19, 0.37) 0.36 (0.22, 0.43) 0.02
Sex 126 (83.46) 25 (16.56) 0.84
Extent of surgery 139 (83.74) 27 (16.26) 0.56

Abbreviations: AMg, Pre-Mg — Po-Mg; APTH, Pre-PTH — Po-PTH; ACa, Pre-Ca — Po-Ca.

Table 4 Differences in Po-Ca and ACa between mild and severe decline of serum Mg group

Variable AMg <0.17 AMg >0.17 P
MeaniSD/median (quartile)/(frequency/%) MeaniSD/median (quartile)/(frequency/%)
Pre-Ca/mmol L' 2.35+0.10 2.3328+0.09 0.09
Pre-PTH/pg mL™' 46.2 (33.45, 59.53) 40.41 (32.02, 53.88) 0.06
Po-PTH/pg mL™"' 15.90 (7.50, 24.90) 11.10 (6.10, 24.00) 0.12
APTH 25.96 (17.52, 40.58) 25.76 (12.19, 41.37) 0.31
Po-Ca/mmol L' 2.09 (2.00, 2.17) 1.98 (1.90, 2.05) <0.001
ACa 0.28 (0.17, 0.36) 0.36 (0.26, 0.43) <0.001
Sex 24 (49.01) 77 (50.99) 0.35
Extent of surgery 84 (50.61) 82 (49.39) 0.39
Abbreviations: AMg, Pre-Mg — Po-Mg; APTH, Pre-PTH — Po-PTH; ACa, Pre-Ca — Po-Ca.
into four groups, including B-S-, B-S+, B+S-, and B+S+. Discussion

Univariate analysis showed that hypoparathyroidism
(P=0.001) and hypomagnesemia (P=0.010) were signifi-
cantly different between B-S- and B-S+ groups, while
LND (P=0.001) and hypoparathyroidism (P=0.030) were
statistically different between B+S- and B+S+ groups.
Table 5 shows that the difference in Po-Mg between the
B-S- and B-S+ groups was significant (P=0.01), but not
between the B+S- and B+S+ groups (P=0.303) (Table 6).
According to multivariate analysis, when the Po-Ca level
was normal, hypoparathyroidism (OR =6.055, 95% CI
1.948-18.825) and hypomagnesemia (OR =5.478, 95%
CI 1.724-17.403) were independent risk factors for
symptoms. As shown by logistic regression analysis,
hypomagnesemia was not a risk factor when serum Ca
levels were below the normal range (P=0.223). However,
in the B+S+ group, the incidence of hypomagnesemia
was twice that of the B+S- group (31.3% vs 16.7%)
(Tables 5 and 6).

Hypocalcemia is one of the most common complications
following thyroidectomy. The occurrence of hypocalcemia
is mainly attributed to hypoparathyroidism when parathyr-
oid glands are devascularized, injured, or dissected during
surgery.9 In addition to hypoparathyroidism, other factors
decreased by more than 70%, like PTH (OR =6.69),
malignancy (OR =7.18), and Grave’s disease (OR =2.40),
which would increase the risk of hypocalcemia after
thyroidectomy.'*'> Furthermore, toxic goiter, female gen-
der, age of greater than 50 years, an operation duration
over 120 mins, preoperative low vitamin D concentration,
etc. are also associated with postoperative hypocalcemia
(P<0.05)."®!'7 Postoperative hypocalcemia can not only
cause clinical symptoms but can also become a major
contributing factor of prolonged hospitalization time.
Therefore, it is necessary to find risk factors for hypocal-
cemia following thyroidectomy to help guide clinical

practice.'®"?
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Table 5 Risk factors identification of symptoms in patients with normal serum Ca

Variable B-S- B-S+ Univariate Multivariate
Frequency Frequency/% P P OR (95% CI)
Sex Male 46 2/3.7 0.064 0.09 -
Female 103 17/9.0
Age <55 126 14/6.8 0.322 - -
255 23 5/13.5
Pre-Ca/mmol L' 2.00-2.34 52 11/10.2 0.051 0.09 -
2.34-2.60 97 8/6.0
Extent of surgery Unilateral 23 0/0.0 0.079 0.176 -
Bilateral 126 19/8.7
CND Unilateral 42 3/5.3 0.250 - -
Bilateral 107 16/8.6
LND No 128 16/8.4 0.738 0.875 -
Yes 21 3/5.8
VD deficiency No 99 1177.1 0.460 - -
Yes 50 8/9.2
Hypoparathyroidism No 96 5/4.2 0.001 0.002 6.055 (1.948, 18.825)
Yes 53 14/11.4
Parathyroid number No 32 5/9.6 0.571 - -
Yes 117 14/7.4
Auto-T No 119 15/8.2 1.000 - -
Yes 30 4/6.8
Hypomagnesemia No 131 12/6.2 0.010 0.004 5.478 (1.724, 17.403)
Yes 18 7/14.6

Abbreviations: B-S-, patients with normal serum and without symptoms; B-S+, patients with normal serum but with symptoms; CND, central lymph node dissection; LND,
lateral lymph node dissection; VD, vitamin D; Auto-T,aAutotransplantation; Pre, preoperative; Po, postoperative.

Our study found gender, extent of surgery, LND, pre-
Ca, hypoparathyroidism, and hypomagnesemia were inde-
pendent risk factors for postoperative hypocalcemia.
Female gender, TT, LND, hypoparathyroidism, hypomag-
nesemia, and pre-Ca at the lower level of the normal range
(2.00 mmol/L < Pre-Ca <2.34 mmol/L) increased the risk
of developing hypocalcemia by 5.08, 8.63, 1.99, 3.23,
3.66, and 1.70 times, respectively. Therefore, for women,
some of these factors can be targeted for preventive Ca
therapy to reduce the incidence of hypocalcemia. In addi-
tion, hypomagnesemia and hypocalcemia are also closely
related. The incidence of hypomagnesemia after thyroi-
dectomy was 19.80%, and it is much higher in patients
with hypocalcemia. Moreover, the risk of hypocalcemia in
patients with hypomagnesemia was 4.66 times higher than
that in patients with normomagnesemia. As for the cause
Wilson et al'®

of postoperative hypomagnesemia,

suggested that it might be related to hemodilution induced
by intravenous rehydration and reduced absorption of
magnesium in the intestine and kidney due to postopera-
tive hypoparathyroidism. Hypomagnesemia in patients
by
hypocalcemia.’*?! To better understand the relationship

after thyroidectomy is often accompanied
between Mg and Ca levels, some researchers have clini-
cally demonstrated the complex relationship between
serum Mg and Ca levels. Luo et al® analyzed the clinical
data of 304 patients undergoing TT and found that post-
operative hypomagnesemia was an independent risk factor
for biochemical hypocalcemia (OR =2.010, P=0.017).

Hammerstad et al*

evaluated the risk factors for hypocal-
cemia in 40 patients with Graves’ disease and found that
the reduction in serum Mg at 48 hrs after surgery could
predict the occurrence of permanent hypocalcemia

(P=0.015). Furthermore, Fatemi et al*> subjected 26
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Table 6 Risk factors identification of symptoms in patients with serum Ca below normal range

B+S- B+S+ Univariate Multivariate
Frequency/% Frequency/% P P OR (95% CI)

Sex Male 2/3.7 4/7.4 0.674 0.307 -
Female 35/18.6 33/17.6

Age <55 33/16.1 32/15.6 1.000 - -
255 4/10.8 5/13.5

Pre-Ca/mmol L' 2.00-2.34 22/20.4 23/21.3 0.812 0.879 -
2.34-2.60 I15/11.2 14/10.4

Extent of surgery Unilateral 1/4.2 0/0 1.000 0.460 -
Bilateral 36/16.5 37/17.0

CND Unilateral 9/15.8 3/5.3 0.058 - -
Bilateral 28/15.1 34/18.4

LND No 30/15.8 16/8.4 0.001 0.001 5.625(1.971, 16.054)
Yes 7/13.5 21/40.4

VD deficiency No 24/15.5 21/13.5 0.475 - -
Yes 13/14.9 16/18.4

Hypoparathyroidism No 13/10.9 5/4.2 0.030 0.054 -
Yes 24/26.0 32/26.0

Parathyroid number No 5/9.6 10/19.2 0.148 - -
Yes 32/16.8 27/14.2

Auto-T No 22/12.0 27/14.8 0.219 - -
Yes 15/25.4 10/16.9

Hypomagnesemia No 29/14.9 22/11.3 0.079 0.223 -
Yes 8/16.7 15/31.3

Abbreviations: B+S-, patients with serum Ca below normal range but without symptoms; B+S+, patients with serum Ca below normal range and symptoms; CND, central
lymph node dissection; LND, lateral lymph node dissection; VD, vitamin D; Auto-T, autotransplantation; Pre, preoperative; Po, postoperative.

healthy people to a 3-week low-magnesium diet. After 3
weeks, accompanied by the decrease of serum Ca from
2.36+£0.02 mmol/L to 2.31+£0.03 mmol/L (P<0.05), serum
Mg decreased from 0.80 mmol/L to 0.61 mmol/L, the Mg
retention rate increased from 11+4% to 62+4% (P<0.001).
Therefore, Fatemi suggested that magnesium deficiency
can lead to hypocalcemia. These studies indicate that
there is a close relationship between Mg and Ca.

In order to further analyze the relationship between
serum Mg and hypocalcemia, patients were divided into
HM, LL, and HL group according to Po-Mg levels.
Compared to the LL group, the incidence of hypocalce-
mia was significantly higher in the HM group and much
lower in the HL group. Regression analysis showed that
the risk of hypocalcemia in the LL group was 0.39 times
that of patients in the HM group and 4.69 times that of
patients in the HL group.

This is the first study to clinically prove that serum Mg at
the low level of the normal range increases postoperative
hypocalcemia risk. The results of this study are in accordance
with basic scientific research. It has already been shown that
Mg and Ca have similar biochemical properties and share the
same steady-state regulation system, including absorption
from the small intestine and reabsorption and excretion
from renal tubules.>** As the second most abundant cation
in the cell, Mg*" acts as a cofactor of more than 300 enzy-
matic reactions, involving energy metabolism and protein
and nucleic acid synthesis.”>*® Further, Mg>" participates
in the process of synthesis and/or secretion of PTH by reg-
ulating the activity of the calcium sensitive receptor (CaSR)
signal axis, which affects the sensitivity of target organs to
PTH and participates in the synthesis of 1,25(0OH),D;.2>*7-?
Therefore, to some extent, hypomagnesemia or a decrease in

serum Mg increases hypocalcemia risk after thyroidectomy.
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Simultaneously, Mg metabolism could be regulated by
PTH, which can stimulate Mg reabsorption from the kid-
ney and small intestine and cause the release of Mg from
bone.'®?° At present, most clinical studies ignore the
potential impact of PTH on the relationship between
serum Mg and hypocalcemia, and thus, a consensus has
not been reached. To further explore whether serum Mg
and Ca reduction are the common results of PTH decline
after thyroidectomy or whether serum Mg reduction is one
of the causes of serum Ca reduction, we compared the
differences in Po-Ca and ACa between hypomagnesemia
and normomagnesemia groups. The results showed Po-Ca
in the hypomagnesemia group was significantly lower than
that of the normomagnesemia group, and ACa of the for-
mer group significantly increased. Further analysis indi-
cated that, in contrast to patients with a mild decline of
serum Mg, Po-Ca levels were remarkably lower, and ACa
observably increased in patients with a severe decline of
serum Mg. Nevertheless, there was no marked change in
PTH between the hypomagnesemia and normomagnese-
mia group or between groups with a mild or severe decline
of serum Mg. These results showed postoperative serum
Mg and Ca reduction are not the common results of PTH
decline, but that serum Mg reduction is one of the causes
of postoperative serum Ca reduction.

In addition, we also investigated whether hypomagne-
semia would increase the risk of symptoms. Currently,
only a small number of studies have reported the influence
of postoperative hypomagnesemia on symptoms.''=%3!
Clinical studies have found that patients with hypomagne-
semia after surgery are more likely to develop symptoms
and neglecting to correct hypomagnesemia may prolong
the duration of these symptoms. In contrast, supplement-
ing Ca as well as Mg is conducive to relieving symptoms
and acute metabolic disorders sooner.?’ Our study found
that hypomagnesemia was an independent risk factor for
postoperative hypocalcemia in patients with normal serum
Ca, but not in those with serum Ca levels below the
normal range. Nonetheless, the incidence of hypomagne-
semia in group B+S+ was nearly twice that of group B+S-.
Unlike in Garrahy et al’s” study, and although multivariate
analysis showed that hypomagnesemia was not an inde-
pendent risk factor for the symptoms when postoperative
serum Ca was below the normal range, we still believe that
hypomagnesemia increases the risk of symptoms for
serum Ca levels below the normal range and was the
main cause of symptoms, which means the impact of
other factors could be overshadowed. Similarly, Cherian

et al® studied 50 patients who underwent thyroidectomies
and found that hypomagnesemia could increase the pre-
valence of the symptoms. It is recommended that clini-
cians routinely monitor serum Ca and Mg levels in
patients with severe hypocalcemia and hypomagnesemia.
When symptoms occur after thyroidectomy, both serum Ca
and Mg should be corrected and monitored over time. This
is beneficial to promoting the recovery of serum Ca and
PTH and contributes to the alleviation of symptoms.

Conclusion

In summary, hypocalcemia was closely related to serum
Mg after thyroidectomy. Hypomagnesemia was an inde-
pendent risk factor for hypocalcemia after thyroidectomy.
The decrease of serum Mg and Ca after thyroidectomy
was not the common result of a decrease in PTH, but
serum Mg decline was one of the important influential
factors for the decrease of serum Ca after thyroidectomy.
In addition, hypomagnesemia also increased the risk of
symptoms; therefore, serum Ca and Mg should be routi-
nely monitored after thyroidectomy. For patients with
hypocalcemia and hypomagnesemia, Mg supplementation
is conducive to reducing the occurrence of symptoms.
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