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Abstract

Introduction: Recent studies have shown worse post-operative outcomes following Key Words
several surgeries in underweight or obese patients. However, the association between » body mass index
body mass index (BMI) and short-term outcomes following thyroid cancer surgery > overweight
remains unclear because of the small number of patients, deficits in background data > postoperative
known as risk factors (e.g. cancer stage, operative procedure, intraoperative device use complications
and hospital volume) and categorisation of BMI. > surgery
Methods: We identified patients who underwent thyroidectomy for differentiated > thyroidectomy
thyroid cancer from July 2010 to March 2017 using a Japanese nationwide inpatient > thyroid cancer

database. We used restricted cubic spline (RCS) analyses to investigate potential non-
linear associations between BMI (without categorisation) and outcomes: post-operative
complications (local and general), duration of anaesthesia, post-operative length of
hospital stay and hospitalisation costs. The analyses were adjusted for demographic and
clinical backgrounds including the above-stated factors. We also performed multivariable
regression analyses for the outcomes with categorisation of BMI.

Results: Among 59,671 eligible patients, the median BMI was 22.9 kg/m2 (interquartile
range (IQR), 20.7-25.6 kg/m2). In total, 3860 patients (6.5%) had local complications

and 787 patients (1.3%) had general complications. Although there were no significant
associations with local complications, such as bleeding, recurrent laryngeal nerve
paralysis and surgical site infection, the occurrence of general complications was
significantly associated with higher BMI. BMI showed a linear association with the
duration of anaesthesia and U-shaped associations with post-operative length of stay
and hospitalisation costs. The lowest points of the U-shaped curves occurred at a BMI of
approximately 24 kg/m2. The multivariate regression analyses showed consistent results
with the RCS analyses.
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Discussion/conclusion: Whereas RCS analyses revealed no significant associations
between BMI and post-operative local complications, obesity was significantly associated
with the occurrence of general complications. The linear association between BMI and
duration of anaesthesia corresponds to previous studies. Although post-operative length
of stay and total hospitalisation costs demonstrated U-shaped associations, the slight
differences would not be clinically important. Even if surgeons must pay attention to
general complications in obese patients undergoing thyroid cancer surgery as well as
other surgeries, underweight and overweight patients can undergo thyroidectomy as

safely as patients with normal BMI.

Introduction

Thyroidectomy is the only radical treatment for thyroid
Several complications may occur following
thyroidectomy: for example, post-operative bleeding,
recurrent laryngeal nerve (RLN) paralysis, post-operative
hypocalcaemia and chylothorax (1, 2, 3, 4, 5, 6). Post-
operative bleeding can be fatal because of subsequent
laryngeal oedema and airway constriction; and some
factors such as Graves’ disease, active antiplatelet or
anticoagulant medication, chronic renal disease, partial
thyroidectomy and inflammatory thyroid conditions are
known risk factors (7, 8). RLN paralysis occurs in 3-5%
of people after thyroid surgery. Although older age,
thyrotoxicosis, extended surgery and low-volume hospital
are risk factors for RLN paralysis (9, 10), intraoperative
device use, such as nerve monitoring and energy
devices, can be associated with a low occurrence of RLN
paralysis (4, 11).

Whereas body mass index (BMI) is associated with
short-term outcomes following a variety of procedures
such as abdominal and breast surgery (12, 13, 14, 15, 16,
17), the association between BMI and short-term outcomes
(e.g. post-operative complications) following thyroid
cancer surgery is controversial. A US study involving 18,825
patients who underwent thyroidectomy reported that
BMI > 25 kg/m? was significantly associated with higher
morbidity and longer operative time, but the study did not
include RLN paralysis as the outcome, and the results were
not adjusted for cancer stage or most of the above-stated
factors (18). Other studies in France and Italy showed no
significant differences in post-operative complications
among different BMI categories despite longer operative
time in patients with BMI > 25 kg/m? than in those with
normal BMI (19, 20, 21). However, because these studies
had a relatively small number of cases, the analyses lacked
adjustment for the patients’ backgrounds. Furthermore,
these studies categorised BMI, which resulted in a loss of

cancer.

information and lower statistical power compared with a
restricted cubic spline (RCS) analysis (22, 23).

Therefore, the present study was performed to
investigate the association between short-term surgical
outcomes and BMI in patients undergoing thyroidectomy
for thyroid cancer with an RCS analysis using a nationwide
inpatient database in Japan.

Materials and methods

Database

This nationwide retrospective cohort study was performed
using the Diagnosis Procedure Combination database. The
database included hospital administrative claims data and
discharge abstracts for approximately 8,000,000 inpatients
in more than 1200 hospitals throughout Japan, covering
approximately half of all inpatient admissions to acute
care hospitals in Japan (24). All 82 university hospitals
were obliged to participate in the database, whereas
participation by community hospitals was voluntary.

The database included the following data: unique
hospital identifiers; patients’ age and BMI at admission;
sex; smoking history; main diagnoses and comorbidities at
admission and complicationsafteradmission recorded with
text data in the Japanese language and the International
Classification of Diseases, Tenth Revision (ICD-10) codes;
clinical tumour (T), node (N) and metastasis classification
of malignant tumours; interventional/surgical procedures
indexed by the original Japanese codes; duration of
anaesthesia; length of stay and total hospitalisation cost.
The total hospitalisation cost was calculated according to
reference prices in the fee schedule that determine item-
by-item prices for inpatient services, such as operations.
All discharge abstract data for each patient were recorded
at discharge by the attending physicians. A previous
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validation study showed good sensitivity and specificity of
the diagnoses and procedure records in the database (25).

The need for informed consent in the present study was
waived because of the anonymity of the patient database.
Study approval was obtained from the Institutional Review
Board at The University of Tokyo (approval number: 3501-
(3) (25 December 2017)).

Study protocol

We identified patients with thyroid cancer who underwent
thyroidectomy from July 2010 to March 2017. We used
the Japanese original procedure codes for surgery to
identify patients who underwent the procedures. We
excluded patients who (i) were <18 years old, (ii) were
not preoperatively diagnosed with differentiated thyroid
cancer (i.e. poorly differentiated thyroid carcinoma,
anaplastic thyroid carcinoma or malignant lymphoma),
(iii) had distant metastasis (these patients were excluded
because they could be malnourished because of cachexia),
(iv) underwent another operation for conditions other
than complications of thyroidectomy during the
hospitalisation and (v) had outlier data for their height
(<100 cm or >200 cm) or weight (<20 kg or >200 kg).

We categorised the eligible patients into five groups
according to their BMI and compared their outcomes:
<18.5 kg/m? (underweight), 18.5-21.9 kg/m?2 (low-normal
weight), 22.0-24.9 kg/m? (high-normal weight), 25.0-29.9
kg/m? (overweight) and > 30.0 kg/m? (obese).

The primary outcome was the occurrence of post-
operative complications, which were divided into local and
general complications. We defined local complications as
bleeding, RLN paralysis (temporary or permanent), surgical
site infection, chyle leakage (including chylothorax)
and oesophageal injury. The general complications were
respiratory complications, urinary tract infection, sepsis,
heart failure, stroke, acute renal failure and pulmonary
embolism. The definitions of these terms are listed in
Supplementary Table 1 (see section on supplementary
materials given at the end of this article).

The secondary outcomes were prescriptions for
hypocalcaemia, duration of anaesthesia, post-operative
length of stay and total hospitalisation costs. We did not
define prescriptions for hypocalcaemia as complications
because prophylactic medication to prevent symptomatic
hypocalcaemia is commonly prescribed in Japan (26, 27),
and the database we used does not include data that would
enable us to distinguish prophylaxis from treatment. We
defined the currency exchange rate as 110 Japanese yen per
1 US dollar.

Impact of BMI on short-term
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We examined the following patient background
factors: sex, age, smoking history (past/current
smoker), comorbidities, preoperative anticoagulant use,
preoperative diagnosis, clinical T and N classification
(recorded at admission), operative procedure, extended
lymph node dissection, intraoperative device use
(energy devices and neuromonitoring), type of hospital
(teaching hospital) and hospital volume. Age was
categorised into four groups: <55, 55-64, 65-74 and >75
years. Comorbidities were assessed with the Charlson
comorbidity index (28) and categorised into three groups:
2, 3 and >4. Preoperative diagnoses were categorised
as papillary, follicular, medullary and unspecified
carcinoma. They were categorised on the basis of
diagnoses recorded on admission, not on the results of
preoperative investigations, which are not included in
the database used in this study. Operative procedures
were categorised as total and hemi/partial thyroidectomy.
Because the database does not include information on
whether central node dissection was performed, Japanese
original procedure codes were used to define extended
node dissection as dissection that extended more than
the central lymph nodes. In Japan, the surgical procedure
is generally chosen in accordance with the clinical
practice guideline published by the Japan Associations of
Endocrine Surgeons (29). In this guideline, hemi/partial
thyroidectomy plus prophylactic central dissection is
recommended for low- and intermediate-risk papillary
carcinoma and total thyroidectomy plus extended
dissection for high-risk papillary carcinoma. Hemi/partial
ortotal thyroidectomy withoutdissectionisrecommended
for follicular carcinoma, depending on metastasis, extent
of invasion, and other risk factors. Hemi/partial or total
thyroidectomy plus prophylactic central dissection is
recommended for medullary carcinoma, depending on
RET gene mutation. Hospital volume was defined as the
number of eligible thyroidectomies performed annually
at each hospital and was categorised into tertiles (low-,
medium- and high-volume) with approximately equal
numbers of patients in each group. These background
factors were adjusted for in the following two analyses.
First, we performed multivariable regression analysis
among the five BMI groups using a generalised estimating
equation: logistic regression analyses for primary outcomes
(i.e. post-operative complications and its subdivisions)
and linear regression analyses for secondary outcomes
(i.e. duration of anaesthesia, post-operative length of stay
and total hospitalisation cost). The generalised estimating

Statistical analysis
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equation enabled us to adjust for within-hospital
clustering of variables, such as patient characteristics or
physician practice patterns within the same hospital. The
explanatory variables were the above-mentioned patient
background factors. We calculated odds ratios and 95% ClIs
for each BMI group with respect to the reference group of
low-normal BMI.

Secondly, we conducted RCS functions to investigate
the non-linear association between BMI and outcomes.
Whereas ordinally regression analysis with categorised
continuous BMI measurements can lose information and
power, all data points were used to estimate the dose-
response association between a continuous variable and
outcomes in an RCS analysis (22, 23). The splines were
restricted to linear below the first-knot point and above
the last-knot point. In this study, we used four points
(18.5, 22.0, 25.0 and 30.0 kg/m?2) as the knots in the cubic
splines to allow for non-linear effects of continuous BMI
measurement. We also fitted the generalised estimating
equation to the RCS analyses, as in the regression analyses,
and calculated the odds ratios and 95% ClIs for each BMI
value with respect to the reference value of 22.0 kg/m2.
The spline curve was constructed using the 'xbrcspline’
and 'mkspline' commands in Stata (StataCorp, College
Station, TX).

All hypothesis tests had a two-sided significance level
of 0.05, and all statistical analyses were conducted using
Stata/MP 16.0 (StataCorp).

Results

In total, 64,549 patients who underwent thyroid cancer
surgery from July 2010 to March 2017 were identified. We
excluded 4878 patients who met the following exclusion
criteria: (i) <18 years old (n = 353), (ii) not preoperatively
diagnosed with differentiated thyroid cancer (n = 706), (iii)
with distant metastasis (n = 1652), (iv) underwent another
operation for conditions other than complications of
thyroidectomy during the hospitalisation (n = 1738) and (v)
had outlier data for height or weight (n =429). Of the 59,671
eligible patients, the underweight group comprised 4344
patients (7.3%), the low-normal weight group comprised
19,242 patients (32%), the high-normal weight group
comprised 18,444 patients (31%), the overweight group
comprised 13,928 patients (23%) and the obese group
comprised 3713 patients (6.2%). Overall, the median BMI
was 22.9 kg/m? (interquartile range (IQR), 20.7-25.6 kg/m?).

Table 1 shows the baseline characteristics of all patients
(n=359,671) and of the groups categorised by BMI. In this
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study, 14,697 patients (25%) were male, and approximately
half of the patients were <55 years old (44%), diagnosed
with papillary carcinoma (44%), had T1 (43%) and N1
(53%) cancer and underwent total thyroidectomy (48%).
Patients in the underweight and low-normal weight
groups were more likely to be female than patients in the
other groups. Patients in the obese group were more likely
to have comorbidities and advanced T/N classification and
to undergo total thyroidectomy.

Table 2 shows the crude outcomes of all patients and
of the groups categorised by BMI. In total, 4497 patients
(7.5%) had post-operative complications: 3860 patients
(6.5%) had local complications, namely bleeding (1.8%),
RLN paralysis (temporary or permanent) (3.2%) and
surgical site infection (1.3%); 787 patients (1.3%) had
general complications. Additionally, 13,960 patients
(22.9%) received prophylactic or therapeutic prescriptions
for hypocalcaemia. The median duration of anaesthesia,
post-operative length of stay and total hospitalisation
costs were 190 min (IQR, 143-258 min), 6 days (IQR, 4-8
days) and 6408 US dollars (IQR, 5649-7480 US dollars),
respectively. Patients in the overweight and obese group
showed a higher occurrence of complication, longer
duration of anaesthesia and higher total hospitalisation
costs than patients in the other groups.

The results of the multivariable regression analyses
are shown in Table 3. Although there were no significant
differences in post-operative complications among the
different BMI categories except for surgical site infection for
the high-normal group and general complications for the
obese group (each: P =0.04), secondary outcomes showed
significant differences. Patients in the high-normal,
overweight and obese groups had a significantly longer
duration of anaesthesia with reference to those in the low-
normal group (all P < 0.001). Patients in the underweight
and obese groups had significantly longer stays and higher
costs, whereas patients in the high-normal group had
significantly shorter stays and lower costs, with reference to
those in the low-normal group. Multivariable analysis for
prescriptions for hypocalcaemia was conducted without
a generalised estimated equation because of estimated
divergence; this showed no significant differences between
the BMI categories.

Figures the adjusted dose-response
associations between BMI and the dependent variables
in the RCS analyses. There were no significant dose-
response associations for postoperative complications,
local complications, bleeding, RLN paralysis or surgical site
infection (Fig. 1A, B, C, D and E). A J-shaped association
was shown between BMI and the occurrence of general

illustrates
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Table 2 Crude outcomes of patients undergoing thyroid cancer surgery categorised by BMI category.
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Table 3 Multivariable logistic or linear regression analyses for outcomes using a generalised estimating equation.
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outcomes after thyroidectomy

Western and Asian populations (30, 31). Moreover, we were
able to analyse an underweight group, and such patients
were rarely addressed in previous studies because of an
inadequate number of patients for analysis.

The present study showed no significant associations
of high BMI with the occurrence of total and local
complications. However, these results do not correspond
with the previous US study, which showed an association
with high BMI and the occurrence of total complications
and wound complications (18). In other surgeries (e.g.
abdominal and breast surgery), high BMI is associated
with the occurrence of post-operative complications
because overweight and obese patients are likely to develop
complications (12, 13, 14, 15, 16, 17). However, because
thyroidectomy is a superficial procedure with a relatively
small incision and rarely involves local invasiveness and
inflammatory response, the current analyses showed
that high BMI was not associated with the occurrence of
surgical site infection. Additionally, because the s.c. and
visceral adipose tissue of the neck would be thinner than
that of the trunk, high BMI might not affect the difficulty
of thyroidectomy; that is, it would not be difficult to
identify vessels, nerves and lymph nodes, and to stop
bleeding in neck adipose tissue, even in obese patients.
Indeed, the RCS analyses also demonstrated no significant
associations of high BMI with the occurrence of bleeding
and RLN paralysis. Nonetheless, the current analysis
showed that obese patients undergoing thyroidectomy
were likely to develop general complications. According
to our study (Supplementary Table 2), high BMI appears
to be associated mainly with the occurrence of respiratory
complications and heart failure, as well as in abdominal
surgeries (12, 15). This is plausible because obesity is a
known risk factor for these events (32, 33), and these
may occur occasionally in obese patients even after the
relatively minimal invasiveness of thyroidectomy.

This study also showed no significant associations
between low BMI and post-operative complications. We
previously found no significant association between low
BMI and post-operative complications in breast cancer
surgery, unlike in abdominal surgery (17). Whereas
underweight patients might not withstand surgery-
induced stress and fasting in abdominal surgery, stress and
1-day abstinence from food prior to breast and thyroid
cancer surgery may not substantially affect post-operative
complications.

The RCS analysis showed a linear association between
BMI and duration of anaesthesia, similar to findings in
previous studies (18, 19). The authors in these studies
stated that this association tendency resulted from
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Body mass index (kg/m2)
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Adjusted dose-response association between in-hospital outcomes and BMI according to multivariable logistic (or linear regression) analysis using a
restricted cubic spline with four knots (18.5, 22.0, 25.0 and 30.0 kg/m?2). On the Y-axis is the odds ratio (or differences) for outcomes, comparing
individuals with a BMI of 22 kg/m?2 and those with any other BMI. Estimates are shown with 95% Cls. The points of intersection of the lines on the X-axis
and the restricted cubic spline represent the four knots (18.5, 22.0, 25.0 and 30.0 kg/m2). (A) Post-operative complications, (B) local complications, (C)
bleeding, (D) recurrent laryngeal nerve paralysis, (E) surgical site infection, (F) general complications, (G) duration of anaesthesia, (H) post-operative

length of stay and (I) total hospitalisation costs.

technical challenges during operation (e.g. identifying
the parathyroid) and difficulty in positioning and
general anaesthesia (e.g. airway management (33) and
drug pharmacokinetics differences (34)). Because longer
duration of operation and anaesthesia are generally
considered to be associated with worse post-operative
complications (35), obesity would be significantly
associated with the occurrence of general complications.
Post-operative length of stay and total hospitalisation
costs demonstrated U-shaped associations with BMI, and
the lowest points occurred at a BMI of approximately 24
kg/m2, which suggests an 'obesity paradox' indicating
improved outcomes with mild obesity (13, 15, 36). However,
the difference in the post-operative length of stay was
less than 1 day. Furthermore, whereas the post-operative

length of stay in the present study is comparable with
that of previous studies reported from Japan (37, 38, 39),
it is considerably longer than that of previous studies from
other countries. This is presumably because the length
of stay in Japan is generally long, being approximately
three times that in Western countries (40), this difference
reportedly being attributable to differences in health care
systems (41). Additionally, both clinicians and patients
in Japan prefer to closely monitor surgical wounds and
laboratory findings in a hospital setting. Therefore, the
difference in hospital stay would be unimportant from
a clinical standpoint other than its effect on increased
hospitalisation costs.

Post-operative hypocalcaemia and
hypoparathyroidism are major complications specific to
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thyroidectomy (1, 2, 3). Previous studies have found no
significant associations between BMI and post-operative
hypoparathyroidism (20, 21). In the current cohort,
some patients would have been diagnosed as having
hypocalcaemia or hypoparathyroidism to enable obtain
prophylactic prescriptions; in Japan, calcium and/or
vitamin D supplements are commonly administered
prophylactically to prevent symptomatic hypocalcaemia
(26,27).Indeed, the current proportion of prescriptions for
hypocalcaemia (22.9%) was higher than the occurrence of
hypocalcaemia (11.6%) reported in a recent Japanese study
(42). Unfortunately, the database we used does not provide
data that would have enabled us to investigate the severity
of hypocalcaemia and distinguish between prophylaxis
and treatment (4). We therefore could not determine the
actual occurrence of the complication. Furthermore,
a generalised estimated equation to adjust for within-
hospital clustering could not be adopted in multivariable
analyses for prescriptions because of divergence, which
was presumably attributable to substantial variations in
prophylactic prescriptions between hospitals. However, the
current analyses demonstrated no significant association
between these prescriptions and BMI, indicating that BMI
did not impact clinical practices regarding hypocalcaemia
and hypoparathyroidism.

Several limitations of this study should be
acknowledged. First, we were unable to assess some
details that are specific to thyroidectomy and thyroid
cancer. For example, because the database used in this
study does not contain laboratory data, including
serum calcium or symptoms, we were not able to
distinguish between prophylaxis and treatment for
hypocalcaemia. Additionally, oncological data, such as
serum concentrations of thyroglobulin, calcitonin and
carcinoembryonic antigen, are not listed in the database
and therefore could not be evaluated. Secondly, the
database does not provide detailed surgical information,
such as operative time and surgeons’ individual surgical
skill levels. We also assessed duration of anaesthesia instead
of operative time. Furthermore, because surgeons’ skill
can affect post-operative outcomes, we used hospital type
(teaching ornon-teaching hospital) and hospital volume as
explanatory variables to adjust for the surgeons’ expertise.
Finally, we could not distinguish whether a particular
patient’s low BMI was a result of malnutrition owing
to illness or a healthy condition without malnutrition;
however, this is hardly distinguishable even clinically.

In summary, we assessed the association between BMI
and the short-term surgical outcomes of differentiated
thyroid cancerwith adjustmentfor the patients’ backgrounds

Impact of BMI on short-term 11:1 210081

outcomes after thyroidectomy

using a nationwide inpatient database in Japan. The RCS
analyses displayed no significant associations between BMI
and post-operative complications, namely bleeding, RLN
paralysis and surgical site infection. Obesity was significantly
associated with the occurrence of general complications.
Furthermore, the RCS analyses demonstrated a linear
association for duration of anaesthesia and U-shaped
associations for post-operative length of stay and total
hospitalisation costs. Therefore, patients with thyroid
cancer can safely undergo surgery regardless of BMI, while
considering general complications in obese patients.
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