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Abstract 

Background The incidence of hypothyroidism following hemithyroidectomy and risk factors associated with its 
occurrence are not completely understood. This systematic review investigated the incidence and risk factors 
for hypothyroidism, thyroxine supplementation following hemithyroidectomy as well as the course of post-operative 
hypothyroidism, including the time to hypothyroidism and incidence of transient hypothyroidism.

Methods Searches were conducted in MEDLINE, EMBASE, Scopus, and Cochrane library for studies reporting 
the incidence of hypothyroidism or thyroxine supplementation following hemithyroidectomy.

Results Sixty-six studies were eligible for inclusion: 36 reported risk factors, and 27 reported post-operative course 
of hypothyroidism. Median follow-up was 25.2 months. The pooled incidence of hypothyroidism was 29% (95% 
CI, 25-34%; P<0.001). Transient hypothyroidism occurred in 34% of patients (95% CI, 21-47%; P<0.001). The pooled 
incidence of thyroxine supplementation was 23% (95% CI, 19-27%; P<0.001), overt hypothyroidism 4% (95% CI, 2-6%, 
P<0.001). Risk factors for development of hypothyroidism included pre-operative thyroid stimulating hormone (TSH) 
(WMD, 0.87; 95% CI, 0.75-0.98; P<0.001), TSH ≥ 2 mIU/L (RR, 2.87; 95% CI, 2.43-3.40; P<0.001), female sex (RR, 1.19; 95% 
CI, 1.08-1.32; P=0.007), age (WMD, 2.29; 95% CI, 1.20-3.38; P<0.001), right sided hemithyroidectomy (RR, 1.35; 95% CI, 
1.10-1.65, P=0.003), the presence of autoantibodies anti-TPO (RR, 1.92; 95% CI, 1.49-2.48; P<0.001), anti-Tg (RR, 1.53; 
95% CI, 1.40-1.88; P<0.001), and Hashimoto’s thyroiditis (RR, 2.05; 95% CI, 1.57-2.68; P=0.001).

Conclusion A significant number of patients will develop hypothyroidism or require thyroxine following hemithy-
roidectomy. An awareness of patient risk factors and postoperative thyroid function course will assist in counselling 
patients on their risk profile and guiding management.
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Introduction
Hemithyroidectomy is commonly used for the manage-
ment of benign unilateral thyroid conditions and low risk 
differentiated malignancy. In most cases the remaining 

thyroid gland can compensate and maintain normal 
thyroid function in the absence of one thyroid lobe, but 
a minority of patients will develop hypothyroidism fol-
lowing surgery [1]. Hypothyroidism is readily managed 
with thyroxine treatment. Thyroxine therapy though 
have been shown to reduce the risk of thyroid nodules 
by inhibiting nodule growth [2], but it is also associated 
with adverse cardiovascular, and musculoskeletal effects 
[3, 4], and demands regular monitoring and follow up, 
meaning it represents an important complication for 
many patients. The incidence of hypothyroidism fol-
lowing hemithyroidectomy shows heterogeneity in the 
literature, with reported incidence ranging from 9.5% 
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to 64.2% [5, 6]. This may be explained by many factors, 
such as regional differences in iodine status and baseline 
thyroid function, definition of hypothyroidism, sample 
size, follow up protocol and duration, and patient char-
acteristics such as age, pre-operative thyroid stimulating 
hormone (TSH) and sex [7–9]. Some of these factors can 
be assessed in the pre-operative period to advise patients 
on their individualised risk of hypothyroidism, which 
can improve decision making and thus help in the iden-
tification of high-risk patients for closer follow up and 
assessment.

A meta-analysis was published in November 2020 
on hypothyroidism after hemithyroidectomy [10]. That 
study found the prevalence of hypothyroidism to be 
29.9%, as well as several risk factors for its development.

Our report aimed to build on the previous analysis in 
several regards. Firstly, that study did not explore the risk 
of overt hypothyroidism. Overt hypothyroidism reflects 
a progression from biochemical hypothyroidism and has 
significant health consequences that necessitates treat-
ment with thyroxine [11]. Further, our study explored 
several previously unreported risk factors, including 
the risk of older age and autoantibodies anti-TPO and 
anti-Tg.

Finally, the postoperative course of thyroid function 
remains unclear. Thyroid function following hemithy-
roidectomy has been observed to decline in the short 
term (≤ 6 months) before subsequently recovering [12], 
with many patients attracting only a transient diagnosis 
of hypothyroidism [13–15]. In the absence of suitable fol-
low up, this may lead to overdiagnosis of hypothyroid-
ism in the short term after surgery and overtreatment of 
potentially self-resolving cases of hypothyroidism.

The aim of this study was to develop an updated sys-
tematic review and meta-analysis of the literature to 
determine the incidence of hypothyroidism after hemith-
yroidectomy, analyse risk factors associated with the 
development of hypothyroidism, and clarify the natural 
course of post-surgical hypothyroidism, including the 
time to hypothyroidism, post-operative TSH recovery, 
as well as the incidence of transient hypothyroidism to 
improve clinical decision making.

Methods
Literature search strategy
Literature searches were conducted through MEDLINE, 
EMBASE, Scopus, and Cochrane library databases. The 
search terms included “hemithyroidectomy” OR “hemi 
thyroidectomy” OR “hemi-thyroidectomy” OR “lobec-
tomy” OR “thyroid lobectomy” AND “hypothyroid*” OR 
“levothyroxine” OR “thyroxine” OR “thyroid hormone”. 
The search was limited to the English language. There 
was no limit on publication date. The search was current 

until the  18th of May 2023. Reference lists of included 
papers were reviewed for any further relevant papers.

Eligibility criteria
Studies reporting hypothyroidism or thyroxine sup-
plementation following hemithyroidectomy or thyroid 
lobectomy were eligible for inclusion. Where studies 
reported on thyroxine supplementation and not hypo-
thyroidism it was assumed that the indication for thy-
roxine initiation was hypothyroidism unless otherwise 
specified. Studies that empirically treated with thyroxine 
supplementation were excluded. Where studies included 
multiple surgical types, such as subtotal, partial, or total 
thyroidectomies, only the hemithyroidectomy group was 
included. No restriction was placed on the indication 
for surgery, with both benign and malignant indications 
included. Papers that did not explicitly include preopera-
tive thyroid status were included. Where multiple stud-
ies used overlapping data, the first publication was used. 
Only full text articles were considered for inclusion. 
Meeting abstracts and unpublished data were excluded. 
Only papers in the English language were included.

Study selection and data extraction
All papers were screened by two reviewers (DC and SE) 
by title, then abstract and full text. The included papers 
were then analysed, with data extracted by a single 
reviewer (DC). The data was extracted into a predefined 
spreadsheet. Data extracted included (i) study character-
istics (author, year of publication, country of origin), (ii) 
cohort characteristics (age, sex, cohort number), (iii) sur-
gical information (indication for surgery, side of hemith-
yroidectomy, benign or malignant pathology, thyroid 
comorbidities), (iv) biochemistry (pre-operative TSH, 
thyroid autoantibodies), and (v) postoperative follow up 
(hypothyroid incidence, transient hypothyroid incidence, 
time of hypothyroid diagnosis, follow up duration, pro-
tocol for thyroid status measurements, and postopera-
tive thyroid hormone supplementation incidence and 
indication).

Quality assessment
The studies were assessed using a modified Newcas-
tle Ottawa Scale for cohort studies (Sup. Table  1). The 
assessment was carried out independently by one pri-
mary reviewer (DC) and reviewed by a second inde-
pendent reviewer (SE). Differences were resolved by 
unanimous agreement.

Statistical analysis
A meta-analysis of the pooled data was performed using 
Review Manager 5.4 [16]. Dichotomous variables were 
reported using a risk ratio (RR), and continuous variables 
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by a weighted mean difference (WMD). Statistical sig-
nificance was defined as P < 0.05. The Mantel-Haenszel 
random effects model was used following consideration 
of the study heterogeneity. Heterogeneity was assessed 
using the  Chi2 test and reported with the  I2 statistic, with 
 I2 <50%, 50-75%, >75% used to indicate low, moderate, 
and high degrees of heterogeneity respectively. Forest 
plots were constructed for each outcome of interest. Fun-
nel plot symmetry was used to assess publication bias.

Results
Literature search
The search protocol produced 1262 non duplicate arti-
cles. Following screening by title and abstract, 92 papers 
remained. A further 26 papers were excluded on full text 
review for the following reasons: non-English language 
(n=3), reported incidence of hypothyroidism or thyrox-
ine supplementation (n=3), no full text available (n=5), 
empirical thyroxine treatment (n=8), conference article 
or poster presentation (n=5), duplicate patient cohorts 
(n=2). 66 articles were included in the review. The 
PRISMA flowchart is represented in Fig. 1

Quality Assessment results
The 66 cohort studies were assessed using a modified 
Newcastle Ottawa scale for cohort studies (Sup.Table 1). 
Of these, 42 studies scored ≥ 5/6 and were considered 
high quality.

Study characteristics
The study characteristics are outlined in Table 1. Sixty-six 
studies were included with a total of 13,546 patients [5, 
6, 9, 13, 15, 17–77]. Study sizes ranged from 14 to 1240 
participants. Publication years ranged from 1986 to 2022. 
The postoperative incidence of hypothyroidism ranged 
from 0 to 66.2%. The mean age ranged from 13.65 to 53 
years, with a median of 47.7 years. Females accounted for 
the majority of patients in sixty-five studies.

The duration of follow up varied between 6 months and 
168 months, with a median of 25.2 months. There was a 
variability in terms of the post-operative thyroid function 
measurement protocols. In some instances, the thyroid 
function was measured only once at 6 weeks postop-
eratively, while in others it was measured at 3, 6, and 
12 months, with regular 12 monthly tests thereafter. In 
majority of the studies, hypothyroidism was defined as an 
elevation in TSH above the upper limit of normal, rang-
ing from 3.74 to 6 μIU/mL.

Incidence of hypothyroidism
The weighted pooled incidence of hypothyroidism fol-
lowing hemithyroidectomy was 29% (95% CI, 25-34%; 
P<0.001) (Fig.  2). The weighted pooled incidence of 

thyroxine supplementation following hemithyroidectomy 
was 23% (95% CI, 19-27%; P<0.001) (Fig. 3). The weighted 
pooled incidence of overt hypothyroidism was 4% (95% 
CI, 2-6%, P<0.001) (Fig.  4). Each of these three assess-
ments showed a high degree of heterogeneity  (12 > 75%). 
Funnel plots for these studies qualitatively show asymme-
try which may suggest publication bias (Sup. Figures 1-3).

Risk factors for hypothyroidism
Pre-operative TSH was higher in post-operatively hypo-
thyroid patients. The risk ratio for patients with high 
normal TSH ( ≥ 2 mIU/L) was 2.87 (95% CI, 2.43-3.40; 
P<0.001) (Fig. 5), with a preoperative TSH WMD of 0.87 
(95% CI, 0.75-0.98; P<0.001) (Sup. Figure 4).

Older patients are at greater risk of hypothyroidism. 
Ages ranged between 39.42-58.1 years in the hypothyroid 
group in adult studies, and 36.36-50.95 years in euthy-
roid populations, with a WMD of 2.29 (95% CI, 1.20-3.38; 
P<0.001) (Fig. 6).

Females were at greater risk of developing hypothy-
roidism, with a pooled RR of 1.19 (95% CI, 1.08-1.32; 
P=0.007) (Fig. 7).

Patients with concomitant histopathological Hashi-
moto’s thyroiditis displayed the greatest single risk in this 
study for post-hemithyroidectomy hypothyroidism, with 
a pooled RR of 2.05 (95% CI, 1.57-2.68; P=0.001 (Fig. 8). 
Auto-antibodies are commonly associated with thyroidi-
tis. Both anti-TPO antibody and anti-Tg antibody were 
associated with an increased risk for hypothyroidism, 
with a weighted pooled RR of 1.92 (95% CI, 1.49-2.48; 
P<0.001) and 1.53 (95% CI, 1.40-1.88; P<0.001) respec-
tively (Sup. Figures 5, 6).

The side of the hemithyroidectomy in this study was 
also associated with an increased risk of hypothyroidism, 
with right sided hemithyroidectomies associated with a 
weighted pooled RR of 1.35 (95% CI, 1.10-1.65, P=0.003) 
(Sup. Figure 7).

A malignant surgical indication, family history of thy-
roid dysfunction, body mass index (BMI), and remnant 
thyroid volume were not associated with post-operative 
hypothyroidism (Sup. Figures 8-11).

Heterogeneity was very high  (I2 > 75%) in the Hashi-
moto’s thyroiditis group, moderately high  (I2 = 50-75%) 
in the age, TSH, anti-TPO and anti-Tg groups, and low 
 (I2 < 50%) for female sex, TSH ≥ 2 mIU/L and side of 
hemithyroidectomy groups.

Funnel plots for age, female sex, Hashimoto’s thyroidi-
tis, pre-operative TSH, malignant pathology and side of 
hemithyroidectomy qualitatively show symmetry (Sup. 
Figures 12-17). Funnel plots for TSH ≥ 2, anti-TPO and 
anti-Tg qualitatively show asymmetry which may suggest 
publication bias (Sup. Figures 18-20).
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Post-operative course of hypothyroidism
The average time to hypothyroidism or thyroxine ini-
tiation was reported in 19 studies. These values ranged 
between 1.7-24 months (Table  1). Twelve studies found 
the average onset of hypothyroidism or thyroxine initia-
tion to be 3-6 months post-operatively.

In these studies 34% (95% CI, 21-47%; P<0.001) of post-
operatively hypothyroid patients recovered to euthyroid 
status (Fig. 9), displaying transient hypothyroidism. Four 
papers assessed the factors associated with transient 
hypothyroidism [6–8, 13] (Sup. Table  2). Three studies 

found patients with a lower pre-operative TSH had a 
higher likelihood of returning to euthyroidism [6–8]. A 
funnel plot assessing transient hypothyroidism qualita-
tively showed asymmetry which may indicate publication 
bias (Sup. Figure 21).

Discussion
The incidence of hypothyroidism following hemithyroid-
ectomy was 29%, and the incidence of thyroxine supple-
mentation alone 23%. The higher rate for hypothyroidism 
reflects that many studies did not initiate thyroxine for 

Fig. 1 PRISMA diagram illustrating selection of studies
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Fig. 2 Individual and pooled incidence of hypothyroidism following hemithyroidectomy



Page 16 of 22Cooper et al. Thyroid Research           (2024) 17:18 

biochemical hypothyroidism alone but typically for clini-
cal or overt hypothyroidism or TSH significantly above 
the upper limit of normal. The incidence of overt hypo-
thyroidism was 4% which may be of significance for the 
clinician and patient due to its health effects.

A high degree of heterogeneity was recorded in the 
pooled incidence of hypothyroidism, thyroxine supple-
mentation, and overt or clinical hypothyroidism. This 
may be explained by the differences in study follow up 
protocol, definitions for hypothyroidism, or indications 
for thyroxine supplementation. The first thyroid function 

(TF) measurements occurred at varying times, ranging 
from 1 week to 3-6 months post-surgery. Further, follow 
up protocol varied by duration of follow up, as well as fre-
quency of thyroid function measurements; the follow up 
duration ranged from 6 to 168 months, and thyroid func-
tion measurements ranged from occurring only once, 
to several times at regular intervals. Studies typically 
defined hypothyroidism as an increase in TSH above 
the upper limit of normal, however the accepted upper 
limit of normal at each institution ranged from 3.74 to 
6 μIU/mL5. Greater frequency of TF measurements, 

Fig. 3 Individual and pooled incidence of thyroxine supplementation following hemithyroidectomy
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Fig. 4 Individual and pooled incidence of overt hypothyroidism following hemithyroidectomy

Fig. 5 Individual and pooled RR for TSH ≥2 between hypothyroid and euthyroid groups following hemithyroidectomy

Fig. 6 Individual and pooled WMD for age between hypothyroid and euthyroid groups following hemithyroidectomy
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and greater duration of follow up, as well as a more lib-
eral definition of hypothyroidism will likely increase the 
detection of hypothyroidism. Further, the surgical defi-
nition of hemithyroidectomy varied, with some studies 

characterising the procedure by lobectomy plus isthmu-
sectomy, and others by lobectomy alone [13]. Resection 
of the isthmus may reduce the total thyroid volume 
and reduce the post-operative thyroid function, further 

Fig. 7 Individual and pooled RR for female sex between hypothyroid and euthyroid groups following hemithyroidectomy

Fig. 8 Individual and pooled RR for Hashimoto’s thyroiditis between hypothyroid and euthyroid groups following hemithyroidectomy
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adding to the variation. Finally, some studies adminis-
tered thyroxine for any elevation of TSH above the nor-
mal range while others only for clinically symptomatic 
or overtly hypothyroid patients, which may contribute to 
the high degree of heterogeneity.

The risk factors identified for the development of hypo-
thyroidism included higher pre-operative TSH, older age, 
female sex, Hashimoto’s thyroiditis, thyroid autoantibod-
ies, and right sided hemithyroidectomy.

Higher pre-operative TSH levels are regularly cited as a 
risk factor for hypothyroidism. A higher TSH level indi-
cates that the thyroid may already be dysfunctional prior 
to surgery, and more vulnerable to hypothyroidism. Older 
age was also found to be significantly associated. Age 
has been observed to be associated with thyroid decline 
and elevated TSH levels [76–78], with studies show-
ing a TSH increase of 0.08 mU/L per decade of age [79]
which may explain the preponderance of older patients 
in the hypothyroid group. Females were at increased risk 
of hypothyroidism which may be due to a higher rate of 
concomitant thyroid disorders amongst women [11], 
such as Hashimoto’s which has been reported amongst 
women at a rate five times men [78].

Auto-antibodies are associated with thyroiditis and 
play a role in the auto-immune mediated dysfunction of 
the thyroid gland [80], likely explaining the association 
of auto-autoantibodies with hypothyroidism. The side 
of hemithyroidectomy may also significantly increase 
the risk of hypothyroidism. Hashimoto’s thyroiditis is 
the most common subset of thyroiditis and is charac-
terised by auto-immune destruction and progressive 
fibrosis of the thyroid gland [79], leading to thyroid 
dysfunction. Some studies have shown thyroid lobe 
asymmetry with the right lobe larger than the left [81, 

82], possibly explaining the higher incidence of hypo-
thyroidism in right sided hemithyroidectomy.

This study was novel in its analysis of post-operative 
thyroid function course, with the majority of studies 
finding the average onset of hypothyroidism or thy-
roxine initiation to be 3-6 months post-operatively. In 
a practical sense this can raise the awareness of early 
postoperative hypothyroidism and guide patient follow 
up. The pooled incidence of transient hypothyroidism 
representing spontaneous recovery of thyroid function 
without thyroxine supplementation was 34%. This may 
reflect gradual thyroid compensation. Seven studies 
reported average post-operative TSH levels at multiple 
time points post-operatively [8, 12, 25, 27, 45, 60, 68]. 
In six studies, the post-operative TSH peaked within 6 
months, before declining over the subsequent months, 
in one study returning from a mean of 4.21 to 2.85 μIU/
mL between 3 and 12 months postoperatively [12]. This 
natural recovery of thyroid function and decline in TSH 
level may explain the incidence of transient hypothy-
roidism. This indicates the need for regular follow up 
and monitoring of thyroid function. Transient hypothy-
roidism may also affect the interpretation of hypothy-
roid risk, with the incidence potentially higher than the 
prevalence.

This study is limited in a couple of respects. Firstly, 
studies reported hypothyroidism or initiated thyrox-
ine supplementation according to a wide range of 
definitions or indications. Second studies followed 
institution dependant follow up protocols which var-
ied significantly by their duration and the frequency of 
measurement. This lack of consistency across studies 
will reduce the applicability of our findings. Finally, the 
administration of levothyroxine in hypothyroid patients 

Fig. 9 Individual and pooled incidence of transient hypothyroidism following hemithyroidectomy
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may mask a recovery in thyroid function, which may 
affect the observed rate of transient hypothyroidism.

This systematic review and meta-analysis is useful for 
clinicians in advising patients on post-operative risks and 
choosing the most suitable intervention for the patient. 
Those at high risk for hypothyroidism may elect to defer 
surgery if this is open to them or choose to undergo a 
total thyroidectomy to limit recurrence of the pathol-
ogy being treated. Further, awareness of the post-surgical 
hypothyroid time course will inform follow up regimens 
and improve awareness of transient hypothyroidism 
which may reduce unnecessary treatment of biochemical 
hypothyroidism.

Conclusion
This systematic review and meta-analysis found the inci-
dence of hypothyroidism post-hemithyroidectomy to be 
high suggesting the needs for better treatment strategy 
including more careful surgical approach by the surgeon 
to reduce this associated complication of hemithyroid-
ectomy among the patients at risk. Higher pre-opera-
tive TSH, older age, female sex, Hashimoto’s thyroiditis, 
autoantibodies anti-TPO and anti-Tg and right sided 
hemithyroidectomy were found to increase the risk of 
hypothyroidism post-operatively. Patients should be 
individually risk assessed for the development of hypo-
thyroidism and counselled accordingly. Further research 
is required to explore the factors associated with tran-
sient hypothyroidism and the length of time required for 
recovery and to identify the factors associated with late 
onset hypothyroidism.
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