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Background: Hypothyroidism is a major complication of hemithyroidectomy. Low remnant thyroid 
volume and high serum thyroid-stimulating hormone (TSH) levels are suggested as risk factors for 
post-hemithyroidectomy hypothyroidism. Reduced skeletal muscle mass is associated with a variety of 
postoperative complications. However, its impact on post-hemithyroidectomy hypothyroidism has not 
yet been studied. This study aimed to evaluate the association between skeletal muscle mass and the onset 
of post-hemithyroidectomy hypothyroidism and develop a predictive score using skeletal muscle mass in 
combination with previously reported risk factors.
Methods: This study retrospectively analyzed 226 consecutive patients who underwent hemithyroidectomy 
at Shinshu University Hospital between January 2011 and December 2020. The skeletal muscle area at 
the fourth thoracic vertebral level and maximal remnant thyroid area were quantified using preoperative 
computed tomography and standardized by dividing them by the square of the patient’s height, designated 
as the skeletal muscle index (SMI) and remnant thyroid volume index (RTI). Subclinical hypothyroidism 
was defined as a postoperative elevated serum TSH level (>5 μU/mL) with a normal free thyroxine (FT4) 
level (≥0.9 ng/dL), overt hypothyroidism as a postoperative increase in serum TSH level (>5 μU/mL) and a 
decrease in serum FT4 level (<0.9 ng/dL), and symptomatic hypothyroidism as an elevated serum TSH level 
(>5 μU/mL) with hypothyroidism-related symptoms. Logistic regression analysis was used to determine the 
factors associated with the onset of hypothyroidism.
Results: Patients with euthyroid status had significantly higher SMI and RTI than those who developed 
post-hemithyroidectomy hypothyroidism (SMI, euthyroid: 12.0±2.4 vs. subclinical hypothyroid: 10.2±1.7, 
P<0.001, euthyroid vs. overt or symptomatic hypothyroid: 10.1±1.7, P<0.001, RTI, euthyroid: 1.19±0.41 vs. 
subclinical hypothyroid: 0.92±0.35, P<0.001, euthyroid vs. overt or symptomatic hypothyroid: 0.84±0.30, 
P<0.001). Multivariable analysis demonstrated that low SMI, low RTI [hazard ratio (HR): 3.35, P<0.001], 
and preoperative high serum TSH levels (HR: 2.54, P=0.003) were independent predictive factors for 

5535

 
^ ORCID: 0000-0001-8283-4989.

https://crossmark.crossref.org/dialog/?doi=10.21037/qims-23-53


Amitani et al. Prediction of post-hemithyroidectomy hypothyroidism5526

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2023;13(9):5525-5535 | https://dx.doi.org/10.21037/qims-23-53

Introduction

Hemithyroidectomy is a standard surgical procedure for 
patients with unilateral benign thyroid tumors or low-risk 
differentiated thyroid carcinoma (1). It is expected to be 
performed more often with the increase in the incidence of 
thyroid cancers, especially in the early stage (2). 

With hemithyroidectomy, we can avoid permanent 
hypoparathyroidism and bilateral recurrent laryngeal 
nerve paralysis, which are critical complications of total 
thyroidectomy (3,4). Moreover, postoperative thyroid 
hormone replacement is unnecessary in some patients 
undergoing hemithyroidectomy because the hemi-lobe of the 
thyroid gland can be preserved. However, hypothyroidism 
has been reported to occur in 10.9–48.8% of post-
hemithyroidectomy patients (5), and these patients require 
lifelong thyroid hormone replacement. Thus, hypothyroidism 
is considered a major complication of hemithyroidectomy. 
Previous studies have indicated that older patients, 
high preoperative thyroid-stimulating hormone (TSH) 
levels ,  lymphocytic infi ltration, and Hashimoto’s 
thyroiditis are predictive factors for hypothyroidism after 
hemithyroidectomy (6-11). Recently, lower remnant thyroid 
volume was shown to be associated with a higher incidence 
of hypothyroidism after hemithyroidectomy (12,13). 
However, definite risk factors or clinical algorithms that can 
accurately predict the development of hypothyroidism after 
hemithyroidectomy have remained elusive. 

Sarcopenia is a condition with reduced skeletal 
muscle mass related to aging or disease and is associated 
with impaired physiological reserve (14-16). Previous 
studies about the association of thyroid function with 
sarcopenia suggest that thyroid function can affect 
skeletal muscle mass, as thyroid hormones are engaged 
in muscle metabolism (17-19). One substantial role of 
thyroid hormones in skeletal muscle is myogenesis and 

regeneration (17,20,21). Hence, a lack of thyroid hormones 
is associated with sarcopenia. On the other hand, thyroid 
hormones have another function that induces the transition 
from a muscle fiber that can maintain muscle to the one 
that is involved in the sarcopenic process (20). Therefore, 
excessive thyroid hormone levels can also cause skeletal 
muscle loss. In a large cross-sectional study, the incidence 
of sarcopenia was higher in patients with hypothyroidism 
and hyperthyroidism than in those in a euthyroid state (19).  
Furthermore, treating patients with hyperthyroidism 
to achieve a euthyroid state can improve skeletal muscle  
mass (22). These observations indicate that skeletal 
muscle mass may indicate thyroid function. However, 
whether skeletal muscle mass is associated with thyroid 
function maintained by the remnant thyroid gland after 
hemithyroidectomy remains unknown.

This study quantitatively analyzed the preoperative 
skeletal muscle mass using preoperative computed 
tomography (CT) images to investigate the utility of 
skeletal muscle mass as a predictive factor for post-
hemithyroidectomy hypothyroidism. Furthermore, this 
study evaluated previously reported risk factors, including 
age, preoperative TSH level, Hashimoto’s thyroiditis, and 
remnant thyroid volume. The association of these risk 
factors with postoperative thyroid function was investigated, 
and an attempt was made to develop a predictive score 
for post-hemithyroidectomy hypothyroidism using these 
factors. We present this article in accordance with the 
STROBE reporting checklist (available at https://qims.
amegroups.com/article/view/10.21037/qims-23-53/rc).

Methods

Image acquisition

T h i s  r e t r o s p e c t i v e  c o h o r t  s t u d y  c o l l e c t e d  a n d 

hypothyroidism. Patients who had low SMI, low RTI, and preoperative high serum TSH levels were more 
likely to develop hypothyroidism (68.8%) than those with either one (25.3%), two (47.8%), or none (15.2%) 
of these three factors.
Conclusions: Preoperative evaluation of the SMI, RTI, and serum TSH levels may be useful in predicting 
the development of post-hemithyroidectomy hypothyroidism.
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retrospectively analyzed the clinical records of consecutive 
patients who underwent hemithyroidectomy for benign 
thyroid tumors or thyroid cancer at Shinshu University 
Hospital between January 2011 and December 2020. The 
inclusion criteria were as follows: (I) having undergone 
thyroid function tests [TSH, free triiodothyronine (FT3), 
and free thyroxine (FT4)] within 1 month preoperatively 
and 1 or 3 months postoperatively and (II) having 
undergone CT within 6 weeks before surgery. Patients who 
received preoperative levothyroxine supplementation were 
excluded. This study included 226 patients (Figure S1).  
This study conformed to the provisions of the Declaration 
of Helsinki (64th WMA General Assembly, Fortaleza, 
Brazil; October 2013) and was approved by the Ethics 
Committee on Clinical Investigation of Shinshu University 
(No. 5036). Because this was a retrospective study of 
anonymized data, the informed consent requirement 
was waived. Our institution uses a form on its website to 
enable patients to opt out of the use of their clinical data 
for research purpose.

Data collection

Clinical information, including age, sex, height, body 
weight, preoperative and postoperative thyroid function 
(TSH, FT3, and FT4), the coexistence of Hashimoto’s 
thyroiditis, histological diagnosis of the resected tumor, 
and lymphocytic infiltration in the resected thyroid 
gland were collected from patients’ medical records. 
Hashimoto’s thyroiditis was diagnosed when either the anti-
thyroglobulin antibody or anti-thyroid peroxidase antibody 
test was positive. 

Definition of post-hemithyroidectomy hypothyroidism

Postoperative hypothyroidism was classified as subclinical, 
overt, or symptomatic according to a previously described 
definition (9). Subclinical hypothyroidism was defined 
as an elevated serum TSH level above the normal range  
(>5 μU/mL in our institute) with a normal FT4 level 
(≥0.9 ng/dL in our institute). Overt hypothyroidism was 
defined as an increase in serum TSH level (>5 μU/mL)  
and a decrease in serum FT4 level (<0.9 ng/dL). We 
defined symptomatic hypothyroidism if patients reported 
symptoms such as fatigue, generalized edema, weight 
gain, constipation, and cold intolerance with an elevated 

serum TSH level (>5 μU/mL). Patients with subclinical 
hypothyroidism were closely monitored without thyroid 
hormone replacement. On the other hand, for patients with 
overt or symptomatic hypothyroidism, thyroid hormone 
replacement was initiated and continued until serum TSH 
levels were measured within the normal range.

Evaluation of remnant thyroid volume and skeletal muscle 
mass

Remnant thyroid area (RTA) and skeletal muscle mass area 
(SMA) were measured using preoperative CT images. The 
estimated RTA after hemithyroidectomy was measured 
with the median line of the thyroid as the planned resection 
line in a CT image of the horizontal section through the 
thyroid gland by semi-automatic tracing images using the 
EV Insite R system (PSP Corporation, Tokyo, Japan). It 
was expressed in cm2 (Figure S2). SMA was measured as the 
area of the surrounding muscles (i.e., paraspinal, rhomboid, 
and trapezius) in a horizontal section image through chest 
CT at the fourth thoracic vertebral level visualized within a 
range of −29 to 150 Hounsfield units and expressed in cm2 
(Figure S2). The remnant thyroid volume index (RTI) and 
skeletal muscle index (SMI) were calculated as the ratio of 
the RTA and SMA divided by the square of the patient’s 
height (m2), respectively. In addition, the receiver operating 
characteristic (ROC) curve was analyzed to determine the 
best SMI and RTI cutoff values for the development of 
hypothyroidism. The cutoff values were determined for 
males and females separately.

Statistical analysis

Categorical variables were analyzed using the chi-square 
test, whereas continuous variables were analyzed using 
a two-sided t-test or one-way ANOVA with Tukey’s 
multiple comparison for parametric analysis and Mann-
Whitney U test or Kruskal-Wallis test for nonparametric 
analysis. Univariable and multivariable analyses with a 
logistic regression model were performed to determine 
the significant factors associated with the onset of 
hypothyroidism. Multivariable analysis was performed 
for parameters with P<0.1 in the univariable analysis. All 
statistical analyses were performed using Graphpad Prism 
8.0.2 (Graphpad Software, San Diego, CA, USA), and 
P<0.05 was considered statistically significant.
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Results

Patient characteristics

The clinicopathological characteristics of the 226 enrolled 
patients are shown in Table 1. One hundred and twenty-one 
patients (53.5%) were <55 years old, and 105 were ≥55 years 
old. One hundred and seventy-four patients (77.0%) were 
female, and 52 (23.0%) were male. The mean preoperative 
body mass index (BMI) (± standard deviation) was 23.1±3.8. 
Regarding preoperative thyroid function, the preoperative 
serum TSH, FT3, and FT4 levels (median, interquartile 
range) were 1.54 (1.09–2.51) μU/mL, 2.97 (2.72–3.32) pg/mL,  
and 1.20 (1.06–1.34) ng/mL, respectively. Sixty-three 
patients (27.9%) had Hashimoto’s thyroiditis. Fifty-four 
patients (23.9%) had benign thyroid tumors [adenomatous 
goiter (n=42, 18.6%), follicular adenoma (n=11, 4.9%), and 
hyalinizing trabecular adenoma (n=1, 0.4%)]. Meanwhile,  
171 patients (75.7%) had thyroid carcinomas [papillary (n=161, 
71.2%), follicular (n=3, 1.3%), medullary (n=2, 0.9%), and 
poorly differentiated (n=5, 2.2%) carcinomas]. In addition, one 
patient (0.4%) with primary hyperparathyroidism underwent 
hemithyroidectomy with parathyroidectomy for parathyroid 
carcinoma. This was due to the causal parathyroid’s large size, 
although no thyroid tumor was preoperatively suspected. 
Consequently, a histopathological examination was performed 
for parathyroid adenoma, and no tumors were detected in 
the resected thyroid gland. Lymphocytic infiltration in the 
resected thyroid gland was found in 41 patients (18.1%).

Comparison of clinicopathological characteristics between 
the euthyroid and hypothyroid groups

Among 226 patients, postoperative hypothyroidism 
occurred in 82 (36.3%) (subclinical: n=50, 22.1%, overt or 
symptomatic: n=32, 14.2%) within 3 months after surgery. 
A comparison of clinicopathological characteristics between 
the euthyroid and hypothyroid groups is shown in Table 1. 
The hypothyroid group was stratified into the subclinical 
and the overt or symptomatic groups. No significant 
differences were observed in age, sex, BMI, preoperative 
serum FT3 and FT4 levels, the coexistence of Hashimoto’s 
thyroiditis, histopathological diagnosis, or lymphocytic 
infiltration in the euthyroid vs. subclinical hypothyroid 
groups, or the euthyroid vs.  overt or symptomatic 
hypothyroid groups except for preoperative serum FT4 
level between the euthyroid and overt or symptomatic 
hypothyroid groups. In contrast, the preoperative serum 
TSH level was significantly lower in the euthyroid group 

(median: 1.32, IQR: 0.89–2.04) than that in both the 
subclinical hypothyroid group (median: 2.20, IQR: 1.55–
3.32, P<0.001) and the overt or symptomatic hypothyroid 
group (median: 2.30, IQR: 1.16–3.88, P=0.007). No 
significant differences were observed in any factor between 
the subclinical hypothyroid and overt or symptomatic 
hypothyroid groups.

Comparison of SMI and RTI between the euthyroid and 
hypothyroid groups

Next,  SMI and RTI were compared between the 
euthyroid and hypothyroid groups to evaluate whether 
SMI or RTI was associated with the development of post-
hemithyroidectomy hypothyroidism. The euthyroid group 
showed significantly higher SMI than that of the subclinical 
hypothyroid and the overt or symptomatic group (euthyroid: 
11.7, 10.4–13.2 vs. subclinical hypothyroid: 10.1, 9.21–11.5, 
P<0.001, euthyroid vs. overt or symptomatic hypothyroid: 
10.4, 9.07–11.4, P<0.001). Similarly, the RTI in the 
euthyroid group was significantly higher than that in the 
subclinical hypothyroid and the overt or symptomatic group 
(euthyroid: 1.08, 0.93–1.33 vs. subclinical hypothyroid: 0.89, 
0.72–1.04, P<0.001, euthyroid vs. overt or symptomatic 
hypothyroid: 0.78, 0.62–0.99, P<0.001; Figure 1). There 
were no significant differences in the SMI and RTI 
between the subclinical hypothyroid group and the overt or 
symptomatic hypothyroid group.

Patients with Hashimoto’s thyroiditis are known to 
present with a diffuse goiter; hence, they are expected 
to have a higher RTI than those without this disease. 
Consistent with this prediction, RTI was significantly higher 
in the group with Hashimoto’s thyroiditis (1.05, 0.84–1.46) 
than in the group without non-Hashimoto’s thyroiditis 
(0.98, 0.78–1.19) in this cohort (P=0.04; Figure S3). The 
RTI between the euthyroid and hypothyroid groups in the 
Hashimoto’s thyroiditis and non-Hashimoto’s thyroiditis 
cohorts were compared to examine whether increased RTI 
could be found in the euthyroid group irrespective of the 
presence or absence of Hashimoto’s thyroiditis. A significant 
increase in RTI in the euthyroid group compared to that in 
the hypothyroid group including subclinical hypothyroid 
and overt or symptomatic hypothyroid was observed in 
both the Hashimoto’s thyroiditis (euthyroid: 1.12, 0.97–
1.67, hypothyroid: 0.84, 0.68–0.99; P=0.002) and non-
Hashimoto’s thyroiditis groups (euthyroid: 1.05, 0.90–1.24, 
hypothyroid: 0.84, 0.68–0.99; P<0.001; Figure S3). With 
regard to SMI, there was no significant difference in SMI 
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Table 1 Clinicopathological findings of all patients and comparison of euthyroid and hypothyroid patients

Variables Total (n=226) Euthyroida (n=144)

Hypothyroid P value

Subclinicalb (n=50)
Overt or 

symptomaticc (n=32)
a vs. b a vs. c b vs. c

Age, years 0.59 0.83 0.84

<55 121 (53.5) 84 (58.3) 27 (54.0) 18 (56.3)

≥55 105 (46.5) 60 (41.7) 23 (46.0) 14 (43.8)

Sex 0.20 0.58 0.11

Male 52 (23.0) 39 (27.1) 9 (18.0) 4 (12.5)

Female 174 (77.0) 105 (72.9) 41 (82.0) 28 (87.5)

BMI, kg/m2 23.1±3.8 23.1±3.9 23.1±3.6 23.2±3.5 0.99 0.99 0.98

Preoperative TSH, μU/mL 1.54 (1.09–2.51) 1.32 (0.89–2.04) 2.20 (1.55–3.32) 2.30 (1.16–3.88) <0.001 0.007 0.99

Preoperative FT3, pg/mL 2.97 (2.72–3.32) 3.01 (2.77–3.37) 2.92 (2.71–3.22) 2.84 (2.65–3.30) 0.35 0.99 0.99

Preoperative FT4, ng/mL 1.20 (1.06–1.34) 1.22 (1.11–1.34) 1.18 (1.05–1.35) 1.02 (0.95–1.31) 0.94 0.006 0.15

Coexistence of Hashimoto’s thyroiditis 0.54 0.36 0.59

Yes 63 (27.9) 41 (28.5) 12 (24.0) 10 (31.2)

No 163 (72.1) 103 (71.5) 38 (76.0) 22 (68.8)

Histopathological diagnosis 0.51 0.83 0.76

Benign 54 (23.9) 37 (25.7) 10 (20.0) 7 (21.9)

Adenomatous goiter 42 (18.6) 29 (20.1) 6 (12.0) 7 (21.9)

Follicular adenoma 11 (4.9) 7 (4.9) 4 (8.0) 0 (0.0)

Hyalinizing trabecular 
adenoma

1 (0.4) 1 (0.7) 0 (0.0) 0 (0.0)

Malignant 171 (75.7) 106 (73.6) 40 (80.0) 25 (78.1)

Papillary carcinoma 161 (71.2) 99 (68.8) 38 (76.0) 24 (75.0)

Follicular carcinoma 3 (1.3) 2 (1.4) 1 (2.0) 0 (0.0)

Medullary carcinoma 2 (0.9) 1 (0.7) 1 (2.0) 0 (0.0)

Poorly differentiated 
carcinoma

5 (2.2) 4 (2.8) 0 (0.0) 1 (3.1)

Other

Parathyroid adenoma 1 (0.4) 1 (0.7) 0 (0.0) 0 (0.0)

Lymphocytic infiltration 0.23 0.75 0.23

Present 41 (18.1) 28 (19.4) 6 (12.0) 7 (21.9)

Absent 185 (81.9) 116 (80.6) 44 (88.0) 25 (78.1)

Data are presented as median (interquartile range), mean ± standard deviation or n (%). BMI, body mass index; TSH, thyroid-stimulating 
hormone; FT4, free thyroxine; FT3, free triiodothyronine. 
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between the Hashimoto’s thyroiditis (11.3, 9.96–12.2) and 
the non-Hashimoto’s thyroiditis groups (11.2, 10.0–12.6; 
P=0.42; Figure S4). However, there was a significant 
difference in SMI between the euthyroid and hypothyroid 

groups in both the Hashimoto’s thyroiditis (euthyroid: 11.7, 
10.1–12.7, hypothyroid: 10.9, 9.1–11.4; P=0.002) and non-
Hashimoto’s thyroiditis groups (euthyroid: 11.7, 10.5–13.4, 
hypothyroid: 10.2, 9.2–11.6; P<0.001; Figure S4). These 
results indicate that both RTI and SMI are significantly 
correlated with the occurrence of post-hemithyroidectomy 
hypothyroidism, regardless of the presence or absence of 
Hashimoto’s thyroiditis.

Correlation between SMI and RTI

Both low SMI and RTI were associated with the incidence 
of hypothyroidism after hemithyroidectomy. Hence, 
this study sought to explore the optimal predictor of 
hypothyroidism using a combination of SMI and RTI. 
First, the correlation between SMI and RTI was examined, 
and a weak positive correlation was observed between both 
factors (R=0.15, P<0.001; Figure 2A). The scatter plot in 
which each patient with euthyroid status or hypothyroidism 
(subclinical hypothyroidism and overt or symptomatic 
hypothyroidism) was individually indicated (Figure 2B) 
suggests that patients who developed hypothyroidism were 
susceptible to having both low SMI and RTI. 

Impact of low SMI and low RTI as a predictor for 
hypothyroidism after thyroidectomy

We hypothesized that patients with both low SMI and 
RTI are most likely to develop post-hemithyroidectomy 
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Figure 1 Box-and-whisker plot for SMI (A) and RTI (B) 
comparing the euthyroid group, the subclinical hypothyroid group, 
and the overt or symptomatic hypothyroid group. *, P<0.001 by 
Kruskal-Wallis test; ns, not significant. SMI, skeletal muscle index; 
RTI, remnant thyroid volume index.

Figure 2 Association between SMI and RTI. (A) Scatter plot of SMI against RTI. Correlation is shown using Pearson correlation 
coefficients (R). (B) Each patient with the euthyroid status, subclinical hypothyroidism, or overt or symptomatic hypothyroidism was 
individually specified. The blue and purple circles were likely to be at the left-lower area in the scatter plot, whereas the red circles were at 
the right-upper area. SMI, skeletal muscle index; RTI, remnant thyroid volume index.
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hypothyroidism based on the results shown in Figure 2A. 
The patients were segregated into three groups to test this: 
(I) patients who had both high SMI and high RTI (SMI-
high/RTI-high group, n=87); (II) those with either high 
SMI or high RTI (SMI-high/RTI-low or SMI-low/RTI-
high group, n=70); and (III) those with both low SMI and 
low SMI (SMI-low/RTI-low group, n=69). The incidence 
of hypothyroidism was compared among these three groups. 
The optimal cutoff values for SMI determined by the ROC 
curve were 12.2 and 10.6 for males [area under the curve 
(AUC): 0.68] and females (AUC: 0.71), respectively. At 
the same time, those for RTI were 1.01 and 0.97 for males 
(AUC: 0.66) and females (AUC: 0.75), respectively. The 
incidence of overt or symptomatic hypothyroidism after 
thyroidectomy was lowest in the SMI-high/RTI-high group 
(4.6%) and gradually increased toward the SMI-high/RTI-
low or SMI-low/RTI-high groups (17.2%) and the SMI-
low/RTI-low group (23.2%). Similar results were obtained 
for subclinical hypothyroidism (SMI-high/RTI-high: 
13.6%; SMI-high/RTI-low or SMI-low/RTI-high: 21.4%; 
SMI-low/RTI-low: 34.8%, P<0.001; Figure 3). 

Univariable and multivariable analyses for post-
hemithyroidectomy hypothyroidism

Univariable and multivariable analyses were performed 
to confirm the significance of SMI-low/RTI-low on the 
development of post-hemithyroidectomy hypothyroidism 
(subclinical hypothyroidism and overt or symptomatic 

hypothyroidism). The cutoff value for serum TSH 
levels was set at 1.65 (AUC: 0.70) according to the ROC 
curve. Univariable analysis revealed that SMI-low/RTI-
low was significantly associated with a higher incidence 
of hypothyroidism [hazard ratio (HR): 3.77, 95% CI: 
2.08–6.84, P<0.001]. The other factor correlated with 
hypothyroidism was preoperative high serum TSH levels 
(HR: 3.39, 95% CI: 1.92–6.00, P<0.001). Multivariable 
analysis showed that hypothyroidism was independently 
associated with SMI-low/RTI-low (HR: 3.35, 95% CI: 
1.78–6.32, P<0.001) and preoperative high serum TSH 
levels (HR: 2.54, 95% CI: 1.39–4.65, P=0.003; Table 2). 

Predictive score for post-hemithyroidectomy hypothyroidism

Given that high serum TSH levels and SMI-low/RTI-
low were independent predictive factors for post-
hemithyroidectomy hypothyroidism, an attempt was made 
to develop a predictive score (Amitani’s score) for post-
hemithyroidectomy hypothyroidism using these three 
factors. A high serum TSH level, low SMI, and low RTI 
were each considered as one score (Table 3), and Amitani’s 
score was calculated by adding the score for each factor. 
We compared the incidence of post-hemithyroidectomy 
hypothyroidism between patients with Amitani’s scores of 
0 (n=46), 1 (n=79), 2 (n=69), and 3 (n=32). The incidence 
of post-hemithyroidectomy hypothyroidism was the lowest 
(15.2%; subclinical: 13.5%; overt or symptomatic: 1.7%) 
in patients with an Amitani’s score of 0 and gradually 
increased in those with scores of 1 (25.3%; subclinical: 
14.4%; overt or symptomatic: 10.9%) and 2 (47.8%; 
subclinical: 19.0%; overt or symptomatic: 28.8%). Patients 
with an Amitani’s score of 3 were at the highest risk 
for post-hemithyroidectomy hypothyroidism (68.8%; 
subclinical: 51.1%; overt or symptomatic: 17.7%; P<0.001; 
Figure 4).

Discussion

The results of this study suggest that reduced preoperative 
skeletal muscle mass is associated with the development of 
post-hemithyroidectomy hypothyroidism. In addition, this 
study demonstrated that patients with high preoperative 
serum TSH levels, low SMI, and low RTI are at the highest 
risk of post-hemithyroidectomy hypothyroidism. To the 
best of our knowledge, this is the first study to show that the 
combined assessment of serum TSH levels, skeletal muscle 
mass, and remnant thyroid volume can be a more accurate 
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Figure 3 Incidence of post-hemithyroidectomy hypothyroidism 
in the SMI-high/RTI-high (left), the SMI-high/RTI-low or SMI-
low/RTI-high (middle), and SMI-low/RTI-low group (right). 
Specific percentages and P values are indicated on the data panel. 
SMI, skeletal muscle index; RTI, remnant thyroid volume index.
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Table 2 Univariate and multivariate logistic regression analysis for hypothyroidism after hemithyroidectomy

Variables
Univariate Multivariate

P value HR 95% CI P value HR 95% CI

Age (<55 vs. ≥55 years) 0.06 1.70 0.98–2.94 0.08 1.68 0.92–3.05

Sex (male vs. female) 0.06 0.51 0.25–1.01 0.10 0.86 0.24–1.13

BMI (≥22 vs. <22 kg/m2) 0.54 1.18 0.68–2.05

Preoperative serum TSH level (high vs. low) <0.001 3.39 1.92–6.00 0.003 2.54 1.39–4.65

Coexistence of Hashimoto’s thyroiditis (yes vs. no) 0.79 0.92 0.50–1.69

Histology (malignant vs. benign) 0.34 1.37 0.71–2.62

Lymphocytic infiltration (present vs. absent) 0.50 0.78 0.37–1.58

SMI-low/RTI-low (yes vs. no) <0.001 3.77 2.08–6.84 <0.001 3.35 1.78–6.32

HR, hazard ratio; BMI, body mass index; TSH, thyroid-stimulating hormone; SMI, skeletal muscle index; RTI, remnant thyroid volume index.

Table 3 Clinical factors for determining Amitani’s score 

Variables
Score

0 1

Serum TSH level High (≥1.65 μU/mL) Low (<1.65 μU/mL)

SMI High (male ≥12.2, 
female ≥10.6) 

Low (male <12.2, 
female <10.6)

RTI High (male ≥1.01, 
female ≥0.97) 

Low (male <1.01, 
female <0.97)

TSH, thyroid-stimulating hormone; SMI, skeletal muscle index; 
RTI, remnant thyroid volume index.
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Figure 4 Incidence of post-hemithyroidectomy hypothyroidism 
in patients with Amitani’s score 0, 1, 2, and 3. Specific percentages 
and P values are indicated on the data panel.

predictor of post-hemithyroidectomy hypothyroidism than 
each factor alone. 

Hemithyroidectomy is generally chosen for benign tumors 
in the hemi-lobe or low-risk papillary thyroid carcinoma 
(PTC) to preserve remnant thyroid function (23). Meanwhile, 
active surveillance for low-risk PTC is currently considered 
an acceptable strategy to reduce unnecessary overtreatment 
(24,25). Because post-hemithyroidectomy hypothyroidism 
cannot be avoidable as demonstrated by the results of this 
study and those of previous studies (5), accurate prediction of 
post-hemithyroidectomy hypothyroidism before surgery may 
be helpful to patients and clinicians in choosing a treatment 
strategy. Therefore, exploring an adequate method for 
assessing the risk of post-hemithyroidectomy hypothyroidism 
is clinically important. In this regard, this study’s results 
showing that a condition with high preoperative serum TSH, 
reduced skeletal muscle, and low remnant thyroid volume is 
a risk factor for hypothyroidism provides novel insight into 
thyroid tumor treatment. 

Although sarcopenia has gained much interest in 
cancer treatment (14), the correlation between skeletal 
muscle mass and thyroid volume or function has not yet 
been demonstrated. Regarding the association between 
thyroid volume and patient physique, it has been shown 
that thyroid volume positively correlates with BMI (26). 
Consistent with this report, a positive correlation between 
BMI and RTI was found in this study’s patient cohort 
(data not shown). However, regarding thyroid function 
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after hemithyroidectomy, BMI did not correlate with the 
incidence of hypothyroidism, as shown in Table 1 and Table 2. 
The present study demonstrated that SMI was significantly 
lower in patients who developed post-hemithyroidectomy 
hypothyroidism than in those who maintained euthyroid 
status. These findings indicate that SMI is superior to 
BMI in evaluating thyroid function reserve. Although 
the proportions of body composition, such as visceral 
fat, subcutaneous fat, and skeletal muscle, vary among 
individuals (27), BMI cannot discriminate between adipose 
tissue and muscles. On the other hand, SMI can accurately 
evaluate skeletal muscle mass per patient’s physique. The 
advantage of SMI in evaluating skeletal muscle mass would 
contribute, at least in part, to the higher potential of SMI 
than that of BMI in predicting the incidence of post-
hemithyroidectomy hypothyroidism. However, the precise 
mechanisms underlying the association between SMI and 
thyroid function reserves remain unclear. Hence, further 
studies are required to clarify this point. 

Regarding remnant thyroid volume, a previous study 
demonstrated a significant inverse association between 
the preoperative contralateral lobe volume and the risk of 
post-hemithyroidectomy hypothyroidism (13). Their study 
measured the remnant thyroid volume using ultrasonographic 
volumetry (13). However, the ultrasonography measurement 
tends to be operator-dependent, and operator bias is a 
major concern for this type of evaluation. In comparison, 
measurements using CT images enable a more objective 
evaluation of the thyroid volume. In addition, volume 
measurement using CT images is considered a standard 
method for evaluating skeletal muscle mass (28,29). The 
present study utilized CT images to estimate the remnant 
thyroid volume and showed that a small volume of the 
contralateral lobe was significantly associated with a high 
incidence of post-hemithyroidectomy hypothyroidism. To 
evaluate RTA, CT images recorded postoperatively would 
be ideal rather than those recorded preoperatively. However, 
postoperative CT images were not available for most of the 
patients in our cohort. One reason was that postoperative 
CT was not performed for patients with benign tumors 
(23.9% in our cohort). Furthermore, even for patients with 
thyroid cancer, follow-up CT was not routinely performed 
unless the serum thyroglobulin level was elevated. Hence, we 
used the preoperative CT images to estimate RTA. Although 
CT examination may not be performed preoperatively for 
all patients undergoing thyroid surgery, particularly for 
those with benign tumors, CT would be a useful modality to 
evaluate thyroid volume, if applicable. 

O f  t h e  p r e v i o u s l y  r e p o r t e d  r i s k  f a c t o r s  f o r 
hypothyroidism, including high preoperative TSH, 
older age, lymphocytic infiltration, and coexistence of 
Hashimoto’s disease (6-11), high preoperative TSH was a 
predictor in the present study. However, being older, the 
presence of lymphocytic infiltration, and the coexistence of 
Hashimoto’s disease were not significantly associated with 
the incidence of hypothyroidism in this study. Regarding 
the age of patients, the lack of association between old age 
and hypothyroidism might be due to the small number 
of patients included in this study (α error) because a 
marginal significance was observed in the univariable and 
multivariable analyses. On the other hand, the present 
study showed that the presence of lymphocytic infiltration 
and the coexistence of Hashimoto’s disease had little 
influence on the development of hypothyroidism, which 
was contradictory to a previous study (8,12). One possible 
explanation for this discordant result is that this study’s 
follow-up period was shorter than that of the previous 
studies. The follow-up period in this study was within 3 
months postoperatively, whereas the median follow-up 
period of the previous studies ranged from 22 to 69 months 
(8,12). Thus, a longer follow-up period might have revealed 
the impact of lymphocytic infiltration or Hashimoto’s 
disease on this study’s cohort. 

This study had several limitations. First, this was 
a retrospective analysis with a relatively small study 
population. Second, this study was conducted at a single 
institution in an Asian country with adequate iodine intake. 
Considering that it is generally accepted that thyroid volume 
and function are affected by iodine intake (30), this study’s 
results cannot be conclusively applied to patients in iodine-
intake-deficient regions. Third, the follow-up period was 
short (3 months postoperatively). A large-scale prospective 
multi-regional study with long-term follow-up is required to 
overcome these limitations and confirm this study’s findings. 

Conclusions

The results of the present study indicate that a combination 
of high serum TSH levels, reduced skeletal muscle mass, 
and low remnant thyroid volume would be useful in 
predicting the development of post-hemithyroidectomy 
hypothyroidism. Hence, reproducing this observation 
in more extensive studies might further highlight the 
importance of evaluating preoperative serum TSH levels, 
skeletal muscle mass, and remnant thyroid volume to 
predict post-hemithyroidectomy hypothyroidism.
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