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ABSTRACT
Objective: Calcium homeostasis is regulated by the effects of parathyroid hormone (PTH) and vitamin D on the bones, GI tract, 
and kidneys. Post-thyroidectomy hypoparathyroidism and resultant hypocalcemia are common complications associated with 
prolonged hospitalization and higher costs. The long-term use of proton pump inhibitors has been associated with metabolic dis-
turbances, including hypocalcemia. The purpose of this study is to determine the rate of hypocalcemia following thyroidectomy 
in patients taking proton pump inhibitors.
Materials and Methods: Patients treated with total thyroidectomy between 2012 and 2022 were identified via the TriNetX 
Research Network. The rate of transient (0–6 months following thyroidectomy) and permanent (6–12 months following thyroid-
ectomy) postoperative hypocalcemia was compared between patients with and without a prescription for proton pump inhibitors.
Results: Of 33,309 patients, 21.3% (n = 7081) took proton pump inhibitors before surgery. 50.9% and 10.76% of thyroidectomy pa-
tients taking proton pump inhibitors had hypocalcemia compared to 48.3% and 7.22% of patients without proton pump inhibitors 
at 0–1 and 6–12 months, respectively. Patients prescribed proton pump inhibitors had a significantly increased risk of experienc-
ing hypocalcemia at 0–1, 1–6, and 6–12 months. Patients taking proton pump inhibitors were also at increased risk of visiting the 
emergency department at 1 and 6 months following surgery.
Conclusions: Patients taking proton pump inhibitors may be more likely to experience short-term and permanent hypocalcemia 
after thyroid surgery. The current study is the largest to date, indicating an increased risk of hypocalcemia after thyroidectomy 
in patients taking proton pump inhibitors.
Level of Evidence: 3.

1   |   Introduction

Thyroidectomies are among the most common surgeries per-
formed. Thyroid surgery is the definitive management op-
tion for thyroid malignancies as well as benign diseases such 

as multinodular goiter with compression symptoms [1]. 
Hypocalcemia is a known complication of thyroidectomy 
[2]. Patients undergoing thyroidectomy are at risk for devas-
cularization or accidental avulsion of the parathyroid glands 
[3–5]. According to the literature, the incidence of transient 
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postoperative hypoparathyroidism and permanent hypoparathy-
roidism ranges from 0.3% to 49% and 0% to 13%, respectively [6].

A few studies have looked at predictive factors for increased 
risk of developing hypocalcemia following total thyroidec-
tomy. These include age, sex, preoperative hypocalcemia levels, 
Graves' disease, prolonged surgery time, and preoperative low 
PTH levels, all of which may increase the risk for postoperative 
hypocalcemia after thyroidectomy [2, 7, 8]. Few studies have spe-
cifically looked at proton pump inhibitors as one of these factors.

Proton pump inhibitors (PPIs) are commonly prescribed medica-
tions. They account for 5%–10% of all prescriptions, and their use 
continues to increase [9–11]. PPIs are indicated for many common 
pathologies such as gastroesophageal reflux disease (GERD), gas-
tric and duodenal ulcers, Barrett's esophagus, and the treatment 
of Helicobacter pylori infection [12]. As such, they are a mainstay 
in the short-term remittance of painful symptoms and the long-
term prevention of esophageal adenocarcinoma [13]. Their mech-
anism of action works by decreasing gastric acid production by 
parietal cells [14]. These medications have a favorable side-effect 
profile in the short term; however, side effects with extended use 
include serious metabolic disorders, including hypocalcemia [15].

A prior study has shown a significantly increased incidence of 
short-term and permanent hypocalcemia after parathyroidec-
tomy in patients taking a PPI [16]; therefore, it could be hypoth-
esized that patients taking a PPI leading up to thyroidectomy 
may similarly be more susceptible to postoperative hypocalce-
mia. In the present study, we seek to determine the rate of short-
term and permanent hypocalcemia following thyroidectomy in 
a large group of patients with and without PPIs from multiple 
centers across the United States. To the authors' knowledge, this 
is the largest study to date in this group of patients.

2   |   Materials and Methods

2.1   |   Data Source

The study data were obtained from the TriNetX Research Network 
(Cambridge, MA) on May 1, 2023. TriNetX is a global federated 
health research network that provides access to a database of 
electronic medical records. These include procedures, diagnoses, 
medications, and laboratory values, all from large healthcare or-
ganizations (HCOs) [17]. The TriNetX platform utilizes statistical 

summaries and aggregated counts of de-identified information. 
The platform does not provide personal data or protected health 
information to its users. Consequently, this study was exempted 
from Institutional Review Board (IRB) review, and the require-
ment for informed consent was waived (STUDY00018629).

2.2   |   Participants

We queried the database and identified patients who underwent 
total thyroidectomy between 2012 and 2022. Patients were ex-
cluded if they had a history of bariatric surgery [18]. Additional 
measures were taken to ensure high-quality data and that pa-
tients were not lost to follow-up: Patients were required to have 
a calcium laboratory value recorded within 1 month of the date 
of thyroidectomy and have active records for the duration of the 
study period. Those who met inclusion and exclusion criteria 
were sorted into a cohort with a PPI prescription and those with-
out. Cohort creation is graphically represented by Figure 1.

2.3   |   Outcome Measures

Data were gathered regarding demographics, medical comorbid-
ities, and pre and postoperative calcium, magnesium, vitamin D, 
and PTH levels. Surgical factors, including neck dissection, para-
thyroid autotransplantation, and vocal cord paralysis, were also 
collected. Indications for thyroidectomy, such as thyroid cancer, 
Graves' disease, and autoimmune thyroiditis, were also collected. 
Hypocalcemia was analyzed during three time periods following 
thyroidectomy: from the date of surgery through the first month, 
the first month through to 6 months, and from 6 months to 1 year 
after surgery. Hypocalcemia documented within 6 months after 
surgery was defined as transient or short-term. Hypocalcemia 
documented after 6 months from Surgery was defined as perma-
nent. We defined hypocalcemia as a laboratory serum calcium 
≤ 8.4 mg/dL or ionized calcium ≤ 4.6 mg/dL or ≤ 1.1 mmol/L. 
Visits to the emergency department were also recorded from 0 to 
1 month and 1 to 6 months after surgery. The diagnosis and proce-
dure codes for the queries are listed in Supporting Information 1.

2.4   |   Statistical Methods

All statistical analyses were performed through the TriNetX 
platform. Short-term and permanent hypocalcemia rates 

FIGURE 1    |    Cohort creation. PPIs, proton pump inhibitors.
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and emergency department visits were compared between 
Surgery patients prescribed a PPI and Surgery controls not 
prescribed a PPI. T-tests were utilized to compare the mean 
pre and postoperative calcium, magnesium, vitamin D, and 
PTH levels between the two cohorts. To mitigate confounding 
factors, two additional analyses were performed. In the first 
analysis, groups were propensity score matched according to 
demographics (age, sex, race, ethnicity) and prior calcium, 
magnesium, and vitamin D supplementation. In the second 
sensitivity analysis, groups were matched for demographics, 
clinical/surgical factors (neck dissection, parathyroid auto-
transplantation, vocal cord paralysis), and indications for sur-
gery (thyroid cancer, Graves' disease, autoimmune thyroiditis). 
Propensity score matching was performed utilizing a 1:1 near-
est neighbor algorithm with a standard deviation caliper of 0.1. 
Significance was defined as p < 0.05 for all statistical tests.

3   |   Results

3.1   |   Description of Cohort

Sixty-eight thousand four hundred and sixty patients (n = 68,460) 
were identified who underwent thyroidectomy between 2012 
and 2022. We excluded 19,573 patients without a documented 
calcium level within 1 month of surgery, 14,649 who did not 
have active records for the duration of the study period, and 929 
with a history of bariatric surgery. This left 33,309 patients eli-
gible for analysis. Of this group, 21.3% (n = 7081) had a PPI pre-
scription leading up to Surgery. The cohort demographics and 
pertinent clinical information are shown in Table 1. Fifty-four 
percent of patients prescribed a PPI were diagnosed with GERD, 
compared to 12% of patients without a prescription (p < 0.001). 
Patients prescribed PPIs were older (p < 0.001) and were more 
likely to be male (p < 0.001). Patients in the PPI group also had 
a significantly increased likelihood of having a prior prescrip-
tion for calcium, magnesium, and vitamin D supplementation 
(p < 0.001).

3.2   |   Outcomes

3.2.1   |   Incidence of Postoperative Hypocalcemia

Patients taking PPIs who underwent thyroidectomy had sig-
nificantly increased rates of hypocalcemia within 0–1 month 
(relative risk, 95% confidence interval, p-value) (1.05, 1.03–1.08, 
< 0.001), 1–6 months (1.47, 1.37–1.57, < 0.001), and 6–12 months 
(1.49, 1.38–1.61, < 0.001) following surgery compared to pa-
tients without a PPI prescription. Patients taking a PPI were 
more likely to visit the Emergency Department at the 0–1 month 
(1.44, 1.31–1.59, < 0.001) and 1–6 months (1.86, 1.71–2.01, 
< 0.001) time points than patients not taking a PPI. The inci-
dence of hypocalcemia in each group is shown in Table 2.

3.2.2   |   Biochemical Values Before and After Surgery

Table  3 compares the average serum calcium, calcidiol, and 
PTH levels at various time points before and after thyroidec-
tomy between patients taking a PPI and those not taking a 

PPI. Prior to surgery, patients taking PPIs had, on average, 
lower calcium levels (mean difference, [95% confidence in-
terval], p-value) (−0.1, [−0.12, −0.08], < 0.001) and higher 
PTH levels (21, [12.9, 29.0], < 0.001) than those without a PPI 
prescription. In both cohorts, serum calcium, calcidiol, and 
PTH sharply decreased the week following surgery before 
gradually increasing. However, only calcidiol returned to the 
preoperative baseline, while both serum calcium and PTH 
levels fell short in both groups. PTH levels remained signifi-
cantly higher among patients prescribed a PPI compared to 
those without a prescription at 0–1 week (3.0, [1.1, 4.9], 0.002), 
1 week–1 month (6.0, [3.8, 8.2], < 0.001), 1–6 months (6.0, [2.2, 
9.8], 0.002) and 6–12 months (8.0, [2.3, 13.7], 0.006). There was 
no significant difference in calcidiol levels between groups be-
fore (0.0, [−1.2, 1.2], 1.0) and through 12 months after Surgery 
(1.0 [−0.3, 2.3], 0.13).

Subgroup analysis 1 week after surgery revealed 15.6% of PPI 
users and 16.2% of nonusers had at least one instance of PTH 
measured below the reference range (≤ 15 pg/mL) in the same 
time period. Average calcium level was significantly lower in 
the PPI group at 8.6 ± 0.9 mg/dL compared to those without 
PPIs at 8.8 ± 0.9 mg/dL (−0.2, [−0.3, −0.1], p < 0.001). Among 
patients with low PTH ≤ 15 pg/mL, average calcium level at 
1 week–1 month was lower in the PPI group (9.1 ± 1.2 mg/dL) 
compared to the control (9.2 ± 0.9 mg/dL). However, this differ-
ence was not significant (−0.1, [−0.23, 0.03], 0.2). At 1–6 months 
and 6–12 months, calcium levels were the same in both cohorts 
at 8.9 ± 0.9 mg/dL (0.0, [−0.1, 0.1], 1.0) and 8.8 ± 0.8 mg/dL (0.0, 
[−0.2, 0.2], 1.0), respectively.

3.2.3   |   Propensity Score Matching 
and Sensitivity Analysis

After propensity score matching for age, sex, race, ethnicity, 
and documented prior prescription for calcium, magnesium, 
and vitamin D supplementation, patients taking PPIs con-
tinued to have significantly higher rates of hypocalcemia at 
0–1, 1–6, and 6–12 months after thyroidectomy compared to 
patients without a PPI prescription (Table 4). This held true in 
a sensitivity analysis controlling for demographics, indication 
for thyroidectomy (thyroid cancer, Graves' disease, and auto-
immune thyroiditis), and surgical factors (route of dissection, 
parathyroid autotransplantation, and vocal cord paralysis) 
(Table 5).

4   |   Discussion

Symptomatic hypocalcemia is a substantial source of postop-
erative morbidity for individuals undergoing thyroid surgery. 
Hypocalcemia has been described to occur in up to 60% of pa-
tients. While this is typically transient, hypocalcemia may be 
permanent in up to 7% of patients [2]. Many factors influence 
postoperative hypocalcemia in the setting of thyroidectomy [19]. 
Intraoperative ligation of or damage to the inferior thyroid ar-
tery may compromise the blood supply to parathyroid glands. 
The parathyroid glands may also suffer unintended trauma or 
necessary resection [4, 5, 20].
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TABLE 1    |    Sample demographics and clinical features (n = 33,309).

Demographic/
clinical feature

Before matching After matching

PPI use and 
thyroidectomy 

(n = 7081)

No PPI and 
thyroidectomy 

(n = 26,228) p

PPI use and 
thyroidectomy 

(n = 7017)

No PPI and 
thyroidectomy 

(n = 7017) p

Age 55 ± 14.7 48.7 ± 16.6 < 0.001 54.9 ± 14.6 55.3 ± 14.6 0.07

Sex

Male 1873 (26.5%) 6045 (23.0%) < 0.001 1845 (26.3%) 1758 (25.1%) 0.09

Female 5208 (73.5%) 20,180 (76.9%) < 0.001 5172 (73.7%) 5258 (74.9%) 0.10

Unknown 0 (0%) < 10 (< 0.04%) 0.10 0 (0%) 0 (0%) —

Race

White 4485 (63.3%) 17,521 (66.8%) < 0.001 4450 (63.4%) 4416 (62.9%) 0.55

Black or African 
American

1207 (17.0%) 3587 (13.7%) < 0.001 1191 (17.0%) 1192 (17.0%) 0.98

Asian 190 (2.7%) 1011 (3.9%) < 0.001 189 (2.7%) 164 (2.3%) 0.18

Native Hawaiian 
or Other Pacific 
Islander

22 (0.3%) 90 (0.3%) 0.68 22 (0.3%) 13 (0.2%) 0.13

American Indian or 
Alaska Native

< 10 (< 0.1%) 46 (0.2%) 0.53 < 10 (0.1%) < 10 (0.1%) 1.0

Unknown 1170 (16.5%) 3973 (15.1%) 0.005 1158 (16.5%) 1226 (17.5%) 0.13

Ethnicity

Not hispanic or 
Latino

4970 (70.2%) 17,314 (66.0%) < 0.001 4914 (70.0%) 4916 (70.1%) 0.97

Hispanic or Latino 487 (6.9%) 2014 (7.7%) 0.02 485 (6.9%) 432 (6.2%) 0.07

Unknown 1624 (22.9%) 6900 (26.3%) < 0.001 1618 (23.1%) 1669 (23.8%) 0.31

Risk factors for hypocalcemia after thyroidectomy

Previous need for vitamin/mineral supplementation

Prior calcium 
supplementation

1980 (28.0%) 3887 (14.8%) < 0.001 1918 (27.3%) 1900 (27.1%) 0.73

Prior vitamin D 
supplementation

1712 (24.2%) 4047 (15.4%) < 0.001 1665 (23.7%) 1678 (24.0%) 0.80

Prior magnesium 
supplementation

1099 (15.5%) 1338 (5.1%) < 0.001 1035 (14.8%) 936 (13.3%) 0.02

Indication for thyroidectomy

Thyroid cancer 3217 (45.4%) 12,926 (49.3%) < 0.001 3217 (45.4%) 3194 (45.1%) 0.70

Graves' disease 671 (9.5%) 3083 (11.8%) < 0.001 671 (9.5%) 631 (8.9%) 0.24

Autoimmune 
thyroiditis

736 (10.4%) 3189 (12.2%) < 0.001 736 (10.4%) 679 (10.0%) 0.11

Surgical factors

Central neck 
dissection

1176 (16.6%) 5056 (19.3%) < 0.001 1176 (16.6%) 1152 (16.3%) 0.59

Lateral neck 
dissection

634 (9.0%) 2415 (9.2%) 0.51 634 (9.0%) 561 (8.0%) 0.03

(Continues)
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Numerous studies have examined preoperative risk factors for 
hypocalcemia after thyroid Surgery. These include low preop-
erative serum calcium, 25-hydroxyvitamin D, and PTH, as well 
as advanced age, female sex, and preoperative diagnosis [2, 7, 8]. 
Surgical factors and the degree of damage to parathyroid glands 
are understandably the greatest risk factors [4, 5, 20, 21]. Patients 
are also now routinely tested for postoperative PTH and serum 
calcium, as low levels can accurately predict early and long-term 
need for calcium supplementation [8, 22–24]. Oral calcium, vi-
tamin D, and, occasionally, magnesium supplementation are 
usually sufficient to mitigate transient and permanent hypocal-
cemia [2, 25].

In the present study, the average PTH levels of the PPI group 
were significantly higher than those of patients not on a PPI 
both preoperatively and throughout all time points postop-
eratively. Subgroup analysis of patients with very low post-
operative PTH revealed a small but significant negative 
difference in calcium levels in the PPI group 1 week after 
surgery. Average calcium levels increased in both groups at 
1 month and gradually decreased throughout the following 6 
and 12 month time points without significant differences be-
tween groups. This is consistent with what is known of PTH 
as a risk factor for post-thyroidectomy hypocalcemia and sug-
gests PTH may play a role in the short-term risk of transient 
hypocalcemia in patients taking PPIs. The risk of permanent 
hypocalcemia can be better explained by PPI-induced hypoch-
lorhydria and decreased gastrointestinal calcium absorption. 
This could elicit a secondary hyperparathyroidism augmented 
by increased gastrin due to high gastric pH. Chronic hyper-
gastrinemia has been shown to have an independent, hyper-
trophic effect on the parathyroid glands [26, 27]. This suggests 
that the increased risk of permanent postoperative hypocalce-
mia among PPI users is not due to decreased PTH but is more 
likely due to persistent hypochlorhydria and malabsorption of 
calcium. For this reason, oral calcium citrate supplementation 
may be preferred over the more commonly prescribed calcium 
carbonate as there is evidence this form is better absorbed at 
higher pH [28].

Of note, many studies document the benefits of using a postop-
erative PTH level to predict the risk of hypocalcemia [22, 29–31]. 
While the existing literature varies on the use of postoperative 
PTH and there is no universally agreed upon threshold, a de-
crease in postoperative PTH generally predicts hypocalcemia [32]. 
Our finding of relatively increased PTH in patients taking PPIs 

suggests that postoperative PTH measurements might be mislead-
ingly high. Further studies comparing postoperative PTH levels 
between surgery patients with and without PPIs may yield inter-
esting results.

PPIs are commonly prescribed and, in the United States, can 
also be obtained over-the-counter [9, 10, 33]. As patients' PPI use 
increases and persists for long periods, so do concerns about ad-
verse effects. These include an increased risk of chronic kidney 
disease, pneumonia, dementia, Clostridioides difficile colitis, 
and malabsorption of important vitamins and minerals such 
as calcium, magnesium, and vitamin B12 [15]. PPI-induced hy-
pochlorhydria directly decreases calcium bioavailability, as it 
depends on low gastric pH. Similarly, PPIs can induce hypomag-
nesemia, impairing PTH release and further decreasing calcium 
levels [34, 35]. In the present study, we found patients taking PPIs 
were 1.47 and 1.49 times more likely to experience short-term 
and permanent hypocalcemia after thyroidectomy, respectively.

Our results regarding the risk of hypocalcemia after thyroidec-
tomy stand in contrast to a retrospective study of 371 patients 
by Gerges et al. They found no significant difference in the in-
cidence and duration of symptomatic hypocalcemia after total 
or completion thyroidectomy between patients who were and 
were not taking PPIs [36]. Their study analyzed patients from 
a single center and utilized symptomatic hypocalcemia, du-
ration of symptoms, and emergency department visits as out-
come measures. The present study collected data from over 50 
HCOs using the TriNetX research network, with a qualifying 
sample size of 33,309 patients. The large sample size increases 
the power of this study and makes the results more general-
izable. In addition, we used solely laboratory values to define 
hypocalcemia, which are more sensitive than diagnosis codes. 
This increased our confidence that patients truly had active, 
biochemical hypocalcemia.

Concerning visits to the emergency department follow-
ing surgery, historically, 21.9% of ED visits within 30 days 
of thyroidectomy have been found to be due to hypocalcemia 
[37]. Young et al. studied patients with recent parathyroid or 
thyroid surgery and found those taking a PPI to be 1.8 times 
more likely to be evaluated in the emergency department [38]. 
We found similar results. In our study, patients on a PPI were 
1.86 times more likely to visit the emergency department fol-
lowing surgery. This is a relevant outcome for future quality 
improvement studies and is a significant measure of morbidity.

Demographic/
clinical feature

Before matching After matching

PPI use and 
thyroidectomy 

(n = 7081)

No PPI and 
thyroidectomy 

(n = 26,228) p

PPI use and 
thyroidectomy 

(n = 7017)

No PPI and 
thyroidectomy 

(n = 7017) p

Parathyroid 
Autotransplantation

835 (11.8%) 3386 (12.9%) 0.01 835 (11.8%) 776 (11.0%) 0.12

Paralysis of vocal 
cord

124 (1.8%) 336 (1.3%) 0.003 124 (1.8%) 86 (1.2%) 0.008

Abbreviation: PPI, proton pump inhibitor.

TABLE 1    |    (Continued)
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Greater than 20% of patients in this sample had a prescription 
for a PPI; this is a clinically significant group. Patients who con-
tinue PPIs may benefit from early or preoperative calcium and 
vitamin D supplementation in anticipation of the increased risk. 
Magnesium should be screened, monitored, and replenished as 
necessary [16, 23, 39, 40].

The current work represents the largest study to date analyzing 
the effect of PPI use on hypocalcemia following thyroidectomy. 

The greatest strengths of our study include our large sample 
size of patients and our use of laboratory-defined hypocalce-
mia to make the study generalizable, highly powered, and in-
ternally valid. There are still limitations to be acknowledged.

Limitations of this study include its retrospective design, 
limited granularity of the data, and the potential for variabil-
ity in reporting. As a retrospective study, it is impossible to 
determine patient adherence to either PPIs or postoperative 

TABLE 2    |    Rate of hypocalcemia and emergency department visits following thyroidectomy (before matching).

Time point (months) PPI use and thyroidectomy (n = 7081)
Total thyroidectomy 

alone (n = 26,228) RR (95% CI) p

0–1 3606 (50.9%) 12,678 (48.3%) 1.05 (1.03–1.08) < 0.001

1–6 959 (13.54%) 2421 (9.23%) 1.47 (1.37–1.57) < 0.001

6–12 762 (10.76%) 1894 (7.22%) 1.49 (1.38–1.61) < 0.001

Emergency department visits

0–1 520 (7.3%) 1338 (5.1%) 1.44 (1.31–1.59) < 0.001

1–6 804 (11.35%) 1605 (6.12%) 1.86 (1.71–2.01) < 0.001

Abbreviations: PPI, proton pump inhibitor; RR, relative risk.

TABLE 3    |    Pre and postoperative biochemical values (before matching).

Biochemical values
PPI use and 

thyroidectomy
No PPI and 

thyroidectomy Mean difference (95% CI) p

Presurgery (within 6 months prior)

Serum calcium (mg/dL)a 9.4 ± 0.6 (n = 5377) 9.5 ± 0.6 (n = 17,094) −0.1 (−0.12 to −0.08) < 0.001

Calcidiol (ng/mL) 30 ± 15 (n = 842) 30 ± 15 (n = 2805) 0.0 (−1.2 to 1.2) 1.0

PTH (pg/mL) 90 ± 174 (n = 1420) 69 ± 119 (n = 4430) 21 (13.0 to 29.0) < 0.001

Postsurgery (0–1 week)

Serum calcium (mg/dL)a 8.7 ± 0.7 (n = 6321) 8.7 ± 0.7 (n = 23,342) 0.0 (−0.02 to 0.02) 1.0

Calcidiol (ng/mL) 26 ± 14 (n = 214) 26 ± 14 (n = 760) 0.0 (−2.13 to 2.13) 1.0

PTH (pg/mL) 35 ± 66 (n = 3572) 32 ± 46 (n = 13,317) 3.0 (1.1 to 4.9) 0.002

Postsurgery (1 week–1 month)

Serum calcium (mg/dL)a 9.1 ± 0.8 (n = 3492) 9.2 ± 0.7 (n = 12,002) −0.1 (−0.13 to −0.07) < 0.001

Calcidiol (ng/mL) 29 ± 14 (n = 450) 30 ± 15 (n = 1635) −1.0 (−2.5 to 0.5) 0.20

PTH (pg/mL) 38 ± 58 (n = 1554) 32 ± 33 (n = 5866) 6.0 (3.8 to 8.2) < 0.001

Postsurgery (1–6 months)

Serum calcium (mg/dL)a 9.1 ±  ± 0.7 (n = 3840) 9.1 ± 0.6 (n = 12,308) 0.0 (−0.02 to 0.02) 1.0

Calcidiol (ng/mL) 32 ± 15 (n = 834) 31 ± 14 (n = 2894) 1.0 (−0.1 to 2.1) 0.07

PTH (pg/mL) 47 ± 65 (n = 1372) 41 ± 64 (n = 5006) 6.0 (2.2 to 9.8) 0.002

Postsurgery (6–12 months)

Serum calcium (mg/dL)a 9.1 ± 0.7 (n = 3237) 9.1 ± 0.6 (n = 9377) 0.0 (−0.03to 0.03) 1.0

Calcidiol (ng/mL) 33 ± 15 (n = 670) 32 ± 15 (n = 2178) 1.0 (−0.3 to 2.3) 0.13

PTH (pg/mL) 50 ± 60 (n = 732) 42 ± 71 (n = 2285) 8.0 (2.3 to 13.7) 0.006

Note: Reference ranges: calcium (8.5–10.5 mg/dL), calcidiol (30–60 ng/mL), PTH (15–65 pg/mL).
Abbreviations: CI, confidence interval; PPI, proton pump inhibitor; PTH, parathyroid hormone.
aThere are multiple laboratory codes indicating serum calcium and ionized calcium; however, these values represent the most commonly documented code for each.



7 of 9

prescriptions. Furthermore, it is not guaranteed that all pa-
tients obtained laboratory testing at the specified time points, 
beyond the first month. This opens the possibility of under-
counting patients with hypocalcemia. To ameliorate this 
issue, we specified that all patients must keep active records 
with their respective HCOs for the duration of the study pe-
riod with at least one visit from 6 to 12 months after thyroid-
ectomy. This increases our confidence that patients without 
documented laboratory values either indeed did not have hy-
pocalcemia or at the very least were asymptomatic. Given this 
is a retrospective study, it not only would have been limiting 
to guarantee patients obtain lab values at regular intervals, 
but it could also inappropriately bias the study and inflate the 
reported risk of hypocalcemia. Emergency department visits 
also represent a broad outcome measure, and we can neither 
deduce their presentation nor their diagnosis on discharge. 
There may also be variability in calcium documentation and 
surgical factors between providers due to including records 
from many HCOs. This may affect reporting and makes it im-
possible to determine whether operating surgeons had iden-
tified or preserved healthy parathyroid tissue, which could 
influence hypocalcemia rates.

5   |   Conclusions

Hypocalcemia following thyroidectomy is often temporary and 
resolves in most patients. We found that patients taking PPIs 
may be at increased risk of transient as well as permanent hy-
pocalcemia. Surgeons and patients should be aware of this risk 
and may consider discontinuing PPIs on a case-by-case basis in 
anticipation of Surgery. Further study is needed to conclusively 
determine whether holding PPIs reduces postoperative risk of 
presenting to the ED and returns the risk of hypocalcemia down 
to baseline.
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