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Abstract
This systematic review and meta-analysis aim to comprehensively assess the effect of bariatric surgery on thyroid func-
tion. A search of PubMed, Web of Science, and Scopus databases was performed until 19 November 2024. Sixty-seven 
studies with 8,754 total patients included in our analysis showed a significant decrease in pooled standard mean differ-
ences (SMD) of serum TSH, total T3, and free T3 levels post operation (p-value < 0.05). Our analysis showed a significant 
marginal decrease in total T4 level by subgroup analysis in overall region and surgery (p-value < 0.05) whereas free T4 
didn’t change significantly (p-value > 0.05). Subgroup analyses, meta-regression, and publication bias analysis were done. 
Based on this meta-analysis, significant reduction of TSH, marginally total T4, Total T3, and free T3 levels, as well as 
non-significant change of FT4 are expected following bariatric surgery.

Key Points
• Bariatric surgery significantly reduces serum TSH, Total T3, and free T3 levels.
• Total T4 shows a marginal decrease, while free T4 remains largely unchanged.
• 67 studies with 8754 total patients included in analysis.
• Subgroup analysis, meta-regression, and publication bias analyses support the robustness of these findings.
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Abbreviations
TSH	� thyroid stimulating hormone
T4	� thyroxine
T3	� triiodothyronine
SG	� sleeve gastrectomy
RYGB	� Roux-en-Y gastric bypass
GB	� gastric banding
BPD	� Bilio-pancreatic diversion

Introduction

Thyroid hormones play a major role in energy balance and 
they determine how much energy the body burns; there-
fore, changes in thyroid activity can increase the likelihood 
of weight gain and various metabolic disorders [1]. Body 
weight is associated with thyroid-stimulating hormone 
(TSH) and thyroid hormones such as T4 [2]. Individuals 
with morbid obesity have a high rate of both overt and sub-
clinical hypothyroidism [3]. Obesity has become a major 
global health problem because its prevalence has increased 
and it has well-known effects on health [4]. Moreover, thy-
roid disorders can increase the risk of developing other seri-
ous diseases such as cardiovascular diseases [5], Type 2 
diabetes mellitus [6], and cancers [7].

An effective option for reducing weight and the risk of 
obesity-related diseases is bariatric surgery [8]. Studies 
have shown that bariatric surgery can increase life expec-
tancy compared to medical therapy, however, the mortal-
ity rate of individuals with obesity is still greater than the 
general population [9]. Currently, most of the weight loss 
surgeries around the world are sleeve gastrectomy or Roux-
en-Y gastric bypass [10].

The impact of bariatric surgery on thyroid function after 
the operation is still not certain. Some previous studies 
found significant decreases in TSH and T4 levels after bar-
iatric surgery [11], some found elevated TSH [12], while 
others reported no significant changes in thyroid func-
tion tests [13]. A 36-month follow-up of 117 patients with 
obesity who underwent laparoscopic Roux-en-Y gastric 
bypass in a retrospective study determined free thyroxine 
(FT4) and free triiodothyronine (FT3) levels decreased 
post-surgery while thyroid-stimulating hormone (TSH) 
levels remained unchanged [14]. In contrast with the men-
tioned study, another study published in 2017 evaluated 
16 patients with obesity and euthyroid thyroid function 
before and after laparoscopic sleeve gastrectomy. The 
result showed a reduction in TSH levels, while FT4 and 
FT3 levels remained stable [15]. Furthermore, a previ-
ous meta-analysis conducted in 2017 including 24 stud-
ies demonstrated a significant reduction in TSH, FT3, and 
T3 levels. However, FT4, T4, and rT3 levels were not 

significantly changed postoperatively [16]. Since more 
than forty studies with controversies in the effect of bariat-
ric surgeries on thyroid function have been published after 
2017, an updated meta-analysis is needed. Therefore, this 
meta-analysis aims to evaluate some controversial aspects 
of the relationship between bariatric surgery and thyroid 
function in patients with obesity.

Materials & Methods

This systematic review was conducted by Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines [17]. our study has been registered at 
PROSPERO with the following registration code: (provided 
in the cover letter).

Search Strategy

We performed a comprehensive search in PubMed, Web of 
Science, and Scopus up to 19 November 2024, using the 
search syntax with the combination of following key terms: 
(“bariatric surgery”) AND (“thyroid” OR “hypothyroid-
ism” OR “hyperthyroidism” OR “TSH” OR “triiodothyro-
nine” OR “thyroxine”) AND (obese), alongside with their 
equivalent MESH terms, without no restriction in our search 
results (Supplementary file, Table S2).

Eligibility Criteria

Two-step screening was performed by two reviewers 
(A.K. and M.M.). Discrepancies were resolved by the third 
reviewer (N.S.). Studies met the following criteria: (1) 
Population: patients with obesity (BMI > 30) with any pre-
operation thyroid function; (2) Assessment: any type of bar-
iatric surgery, like: sleeve gastrectomy (LSG), Roux-en-Y 
gastric bypass (RYGB), gastric banding (GB), biliopancre-
atic diversion (BPD), etc.; (3) Comparison: not applicable; 
(4) Outcome: serum levels of TSH, free and total T3, free 
and total T4, BMI and fat mass; (5) Type of Study: all types 
of original studies. There was no restriction on the language 
and date of the published report. Case report studies, studies 
with fewer than 20 participants, case series, studies with a 
population in which patients had a BMI < 30, review stud-
ies, meta-analyses, letter-to-editor articles, and commentary 
studies without any relevant data were excluded. Four inde-
pendent authors (A.K., M.M., H.S., M.B.) extracted data on 
study characteristics such as Author, year, population, total 
patients, country, region, design, follow-up duration, serum 
levels of TSH, free and total T4, free and total T3, BMI, 
fat mass, age, and the female ratio onto a dedicated excel 
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spreadsheet. Discrepancies were resolved through discus-
sion and mutual consensus.

Quality Assessment

The quality of the included studies was evaluated by four 
reviewers (A.K., M.M., H.S., M.B.) independently using 
the modified version of the Newcastle–Ottawa Quality 
Assessment [18]. We deleted the item “Selection of non-
exposed cohort” because it was not applicable for included 
cohort studies without control groups. The studies with 6 or 
more yeses are rated as “Good”, 4–5 as “Fair”, and with 3 
or fewer as “Poor” quality reports. Any disagreements in the 
quality assessment were resolved through discussion with 
the fifth author (N.S.).

Statistical Analysis

All analyses were performed using the meta, metafor, and 
ggplot2 packages in R version 4.2.1 (The R Foundation, 
Vienna, Austria). Statistical significance was determined 
at a two-sided P-value threshold of < 0.05. We synthesized 
data by calculating effect sizes using standard mean differ-
ences (SMD) for all outcomes. We then used random-effects 
models to pool the standard mean differences (SMD).

To assess how serum levels of thyroid hormones differ 
post-operation in different periods, we pooled SMDs using a 
random-effects model across 3 distinct time intervals: “first 
6 months,” “1 year,” and “over 1 year to the latest follow-
up available in each study.” Additionally, subgroup analysis 
was done by categorizing studies based on pre-operation thy-
roid function. We included all types of pre-operation thyroid 
function and classified studies in subgroups of euthyroid, 
hypothyroid, and the mixed group (in which studies didn’t 
separate their population by the subgroup)). We didn’t have 
any hyperthyroidism population in the included studies; 
thus, this subgroup was excluded from analysis spontane-
ously. Subgroup analysis by surgery type (RYGB, SG, GB, 
BPD, Mixed), and their region (Europe, North America, 
South America, Asia, and Africa) were done, too. Outcomes 
for the subgroups are considered as the latest follow-up.

To assess heterogeneity, we utilized the Cochrane Q-test 
and I2 statistic, considering I2 values as high if higher than 
75. Furthermore, we examined the modifying effect of fac-
tors such as baseline BMI, age, and percentage of female 
participants through conducting a meta-regression analysis. 
The results of the meta-regression were visualized using 
bubble plots. To evaluation of potential publication bias, we 
used visual inspection of symmetry in comparison-adjusted 
funnel plots.

Results

Characteristics of Included Studies

Based on our systematic search, we retrieved 1610 records. 
After removing duplicates, title, and abstract screening was 
done on 1488 remnant articles. Overall, 67 articles with 
8754 total patients (5959 female (68.1%)) with a mean BMI 
of 44.53 and a mean age of 40.08 ± 8.49 years were included 
in our analysis (Fig. 1). The median follow-up duration of 
included studies was 12 months (range:1–96 months, IQR: 
6–12 months). Studies with BMI < 30 like Di et al., 2016 
[19] were excluded. A population of 34 studies (50.7%) 
were euthyroid in pre-operation state, versus 11 studies 
(16.4%) were hypothyroidism, and the remnant 12 stud-
ies (17.9%) were mixed in thyroid function pre-surgery. 21 
studies done Sleeve gastrectomy (SG) [20–40], 13 studies 
Roux-en-Y gastric bypass (RYGB) [14, 41–52], 2 studies 
Biliopancreatic diversion (BPD) [53, 54], 2 studies were 
Gastric banding (GB) [55, 56], the remnant 28 studies were 
in mixed types, and type of surgery of one of the studies 
wasn’t mentioned in the full text [57]. Region distributions 
of studies were in order: Asia (34 studies), Europe (21 stud-
ies), North America (6 studies), South America (3 studies), 
Africa (3 studies). Additional characteristic data of each 
included study is provided in Table 1.

The assessment of the risk of bias for included studies 
using the quality assessment checklist based on the Newcas-
tle–Ottawa Scale showed there were 61 studies with good 
[14, 20–25, 27–31, 33–56, 58–60, 62–80, 82, 84, 85], and 
6 with fair methodological quality [26, 32, 57, 61, 81, 83]. 
Detailed characteristics of each study and its quality assess-
ment are provided in supplementary material (Supplemen-
tary material, Table S3).

TSH Level

Sixty-one studies were incorporated in the meta-analysis of 
TSH level. Pooled data by the time of assessed TSH level, 
showed that the serum TSH level decreased significantly 
after 6 to 12 months post bariatric surgery (SMD=−1.28, 
95%CI [−1.97, −0.59], p-value = 0.00027 and SMD=−1.32, 
95%CI [−2.23, −0.32], p-value = 0.0045, respectively) (Fig. 
S50 and Fig. 2. A, respectively). No significant change in 
serum TSH levels was observed beyond 12 months post-sur-
gery (SMD = − 0.67, 95% CI [–1.43, 0.08], P-value = 0.080) 
(Fig. 2. B). Based on the subgroup analysis, RYGB and SG 
surgery significantly decrease TSH levels compared to other 
types of surgeries (SMD = − 0.51, 95% CI [–0.80, −0.22], 
P-value = 0.00056 and SMD = − 2.40, 95% CI [−4.06, 
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Total T3 Analysis

Eleven studies were incorporated in the analysis of 
total T3 levels demonstrating a significant decrease in 
serum-free T3 levels in 6-month and 1-year follow-ups 
(SMD=−0.66, 95% CI [−1.02, −0.30], p-value < 0.001, 
and SMD=−1.09, 95% CI [−1.91, −0.28], p-value < 0.01, 
respectively) (Fig.  5). Subgroup analysis by the type of 
surgery showed RYGB significantly decreased the serum 
level of total T3 significantly with low heterogeneity in 
studies (I2 = 13.7%, SMD=−0.93, 95%CI [−1.15, −0.71], 
p-value < 0.0001) (Supplemental material. Figure S7). 
Results of other subgroup analysis is provided in Supple-
mental material.

Free T3 Level

Twenty-four studies were incorporated in the meta-
analysis of the free T3 level. Analysis showed a sig-
nificant decrease in post-surgery free T3 after 6 months 
and 12 months against the levels beyond 12 months 
(p-value > 0.01 vs. p-value > 0.05) (Fig. 6). Also, most of 
the subgroups such as BPD, RYGB, Europe, Asia, and 
euthyroid subgroups showed a significant decrease in free 
T3 after surgery (p-value < 0.01) (Supplemental material. 
Figure S10-12).

−0.75], P-value = 0.0046) (Supplemental material. Figure 
S1). Other subgroup analysis based on region and pre-oper-
ation thyroid function provided in Supplemental material, 
Table S4.

Total T4 Level

Pooled data of ten studies incorporated in this analysis show 
no significant decrease of serum total T4 levels after bariat-
ric surgery (p-value > 0.05) based on follow-up and surgery 
types (Fig.  3 and Figure S49. A, respectively). However, 
the overall result by surgery and region (Figure S49.B) sub-
groups was statistically significant in decrease of total T4 
post operation (p-value < 0.05). By the way, other subgroup 
analysis based on region and surgery type provided in Sup-
plemental material, Table S4.

Free T4 Level

Pooled data of forty-two included studies in this analysis 
showed bariatric surgery didn’t have a significant effect 
on the serum-free T4 levels in none of the 6 months, 12 
months, and over 12 months (p-value > 0.1) (Fig. S50 and 
Fig. 4), respectively). All subgroups showed nonsignificant 
results (p-value > 0.05) (Supplemental material. Table S4).

Fig. 1  PRISMA flow diagram
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Fig. 2  Serum TSH levels after bariatric 
surgery (A) 1-year follow-up and, (B) 
over 1-year follow-up
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BMI Analysis

Fifty-two studies included in the analysis of BMI dem-
onstrated that the BMI of patients with obesity decreased 
significantly after bariatric surgery (SMD=−4.08, 95%CI 
[−5.29, −2.88], p-value ≈ 0) (Supplemental material. Figure 
S17). All the subgroups showed a significant decrease in 
BMI (p-value < 0.05) except GB (p-value = 0.249) (Supple-
mental material. Figure S18-20).

Fat-Mass Analysis

Analysis including 11 studies, showed a significant decrease 
in fat mass post-surgery (SMD=−3.6, 95%CI [−6.36, 
−0.84], p-value = 0.00739) (Supplemental material. Figure 
S13). Subgroup analysis showed a significant decrease in 
heterogeneity by the BPD surgery (I2 = 36.3%) and Asia 
region (I2 = 0%) compared to the other groups (Supplemen-
tal material. Figure S14-16).

Fig. 3  Serum total T4 levels after bariatric surgery (A) 6-month follow-up, (B) 1-year follow-up and, (C) over 1-year follow-up

 

1 3



Obesity Surgery

Fig. 4  Serum free T4 levels after 
bariatric surgery (A) 1-year 
follow-up, and (B) over 1-year 
follow-up
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the age of 42 years, patients may experience more decrease 
in free T4 levels (p-value < 0.0001) (Supplemental material 
Figure S27). Moreover, analysis revealed that as the age 
increases after the point around 34 years, fat mass decreases 
larger (p-value = 0.016) (Supplemental material Figure S39, 
Table S5).

Overall Publication Bias

Upon reviewing the funnel plots no significant publica-
tion bias was found across outcomes, except for BMI 
and free T3(Supplemental material Figure S48 and S45, 
respectively). For these outcomes, funnel plots showed vis-
ible asymmetries (Egger’s test p-value = 0.022 and 0.0003, 
respectively) with the concentration on left-sided negative 
SMDs. This indicates potential publication bias with the 
presence of a small study effect. Notably, publication bias 
for fat mass was found statistically non-significant but it is 
marginal and considered probable publication bias (Egger 
test p-value = 0.056).

Meta-Regression

Meta-regression analysis showed significant modifying 
effects of mean age on TSH and free T4, baseline BMI 
on TSH, and inverse correlation of female ratio with total 
T4 levels (Supplemental material Figure S21, S27, S22, 
and S26, respectively). The analysis demonstrated that 
younger individuals may experience higher TSH decrease 
post-operation, and conversely (p-value = 0.01, I2 = 98.49%, 
B-cox = 0.07). Also, patients with higher baseline BMI over 
30 may show a larger decrease in TSH changes post-bariat-
ric surgery (p-value = 0.003, I2 = 98.39%, b-cox= −0.09). It 
should be noted that as the regression line crossed the SMD 
line (= 0) around the BMI of 31, in patients with lower BMI, 
TSH may be increased but as we included the patients with 
BMI > 30 other studies are needed to assess this hypothesis. 
Furthermore, a higher female ratio may result in lower serum 
total T4 level (higher decrease) (p-value = 0.046). Also, our 
analysis shows that as the age increases till the point around 
42 years, the free t4 level shows a lower increase; but over 

Fig. 5  Serum total T3 levels after bariatric surgery (A) 6-month follow-up, and (B) 1-year follow-up
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weight loss which makes the TSH concentration decrease 
and improves thyroid hormone function and sensitivity [39]. 
Furthermore, bariatric surgery suppresses B and T lympho-
cyte activation, reducing thyroid autoimmune antibodies and 
inflammatory cytokines, which may inhibit the destruction 
of the thyroid gland and excessive hormone release [68]. 
Modifying the glycemic and lipid profiles caused by bariat-
ric surgery has also been effective in thyroid hormone levels 
[27, 99, 100]. A recent study has reported a positive corre-
lation between serum ghrelin levels and TSH levels which 
demonstrated that the reduction in ghrelin due to RYGB and 
SG surgery types may contribute to the decrease in TSH lev-
els [101]. Moreover, alterations in nutrient absorption and 
hepatic metabolism could influence peripheral thyroid hor-
mone conversion. The reduction in FT3 may indicate dimin-
ished type 1 and type 2 deiodinase activity, limiting T4-to-T3 
conversion and reflecting a new energy-conserving state dur-
ing rapid metabolic adaptation [102].

A recent systematic review and meta-analysis including 
24 studies concluded that bariatric surgery in patients with 
obesity causes a decrease in serum TSH, FT3, and T3 levels, 
whereas T4, FT4, and rT3 levels did not change post-oper-
ative [16]. Some also report reduced levothyroxine require-
ments after surgery in hypothyroid individuals. However, 
the mentioned study has limitations, we included 67 stud-
ies with the total population of 8,754 patients to update and 
overcome the limitations as it was possible.

Our findings emphasize the importance of considering 
and monitoring the postoperative hormonal changes, as 
these alternations necessitate levothyroxine dose adjust-
ments due to malabsorption after bariatrics surgery and fur-
ther reductions in BMI and lean body mass which is the 
primary determinant. Clinically, results suggest that postop-
erative reductions in thyroid hormone levels might represent 
a physiological adjustment rather than true hypothyroidism. 
The concurrent improvement in thyroid function among 
patients with preexisting subclinical or overt hypothyroid-
ism supports the hypothesis that excess adiposity exerts a 
reversible strain on the HPT axis.

Our research is updated and provides an extensive search 
of databases to gather a comprehensive collection of stud-
ies on this topic. This study had limitations that need to be 
considered in the analysis of future studies to achieve more 
accurate results. Thyroid-associated antibodies such as 
TPOAb and TgAb, were not analyzed and evaluated in this 
study due to lack of enough data. Some of the subgroups are 
imbalanced in the region of the included studies, and a small 
number of individuals undergoing BPD and GB compared 
with other types of surgery. Heterogeneity among studies 
from differences in surgical techniques, follow-up duration, 
and baseline thyroid status limits the generalizability of the 
pooled estimates.

Discussion

The impact of bariatric surgery on weight loss and obesity-
related diseases such as metabolic syndrome has recently gar-
nered significant attention. The effect of obesity on thyroid 
hormones, as an important determinant in metabolism, indi-
cates the elevation of TSH and T3 concentrations [86, 87]. 
The responsible mechanism consists of [1] peripheral thyroid 
hormone resistance due to the downregulation of thyroid 
hormone receptors, and [2] activation of the hypothalamus-
pituitary-thyroid (HPT) axis due to elevation of the leptin [50, 
88, 89]. Several studies have evaluated the changes in thy-
roid hormone profile following bariatric surgery. The current 
meta-analysis has been conducted to evaluate the associa-
tion between bariatric surgery and thyroid function tests. We 
investigated a significant decrease in TSH, T3, and FT3 con-
centrations, whereas FT4 and T4 levels didn’t demonstrate 
significant alternation after bariatric surgery.

Weight loss caused by modifying lifestyle can also 
decrease TSH levels [90]. Our study demonstrated reduced 
serum TSH levels, especially after 6 to 12 months post-bar-
iatric surgery. The majority of the studies revealed similar 
results. A study by Dall’Asta et al. reported no alternation 
in post-operative TSH level [55] and a study by MacCuish 
et al. reported steady TSH after surgery [48]. The decrease 
in TSH levels mostly occurred in Asian, patients undergo-
ing SG surgery, and euthyroid individuals. The variations 
between studies may arise from different surgical type, 
characteristics, ethical, and genetically features of case and 
control groups, and power of the study. TSH exhibits sea-
sonal and circadian variations, which should be considered 
when interpreting results [91–94].

Although an association between bariatric surgery and 
alternations in thyroid function has been reported in this 
study, the main causes and responsible mechanisms remain 
unclear. A significant decrease in leptin levels due to a reduc-
tion in adipose tissue, suppresses the HPT axis and peripheral 
T4 to T3 conversion, leading to reduced TSH and thyroid 
hormone levels. As adipose tissue acts as an endocrine organ, 
its reduction alters circulating adipokines, particularly leptin 
that is known to stimulate hypothalamic TRH secretion. 
The postoperative fall in leptin may therefore lead to lower 
TSH output, consistent with the reductions observed in this 
analysis [95–97]. Associated weight loss also reverses obe-
sity-induced downregulation of TSH receptor expression, 
which decreases peripheral thyroid hormone resistance [50]. 
Additionally, increased growth hormone levels post-surgery 
regulate the HPT axis, leading to lowered TSH levels [39, 
98]. The obesity-related systemic inflammation reduces after 

Fig. 6  Serum free T3 levels after bariatric surgery (A) 6-month follow-
up, (B) 1-year follow-up, and, (C) over 1-year follow-up
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levels in Chinese Patients, could it be a risk for thyroid nodules? 
Obes Surg. 2017;27(10):2619–27.

15.	 Yang J, Gao Z, Yang W, Zhou X, Lee S, Wang C. Effect of sleeve 
gastrectomy on thyroid function in Chinese euthyroid obese 
patients. Surg Laparosc Endosc Percutan Tech. 2017;27(4):e66–8.

16.	 Guan B, Chen Y, Yang J, Yang W, Wang C. Effect of bariatric 
surgery on thyroid function in obese patients: a systematic review 
and Meta-Analysis. Obes Surg. 2017;27(12):3292–305.

17.	 Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, 
Mulrow CD, et al. The PRISMA 2020 statement: an updated 
guideline for reporting systematic reviews. BMJ. 2021;372:n71.

18.	 Lo CK, Mertz D, Loeb M. Newcastle-Ottawa scale: comparing 
reviewers’ to authors’ assessments. BMC Med Res Methodol. 
2014;14:45.

19.	 Di JZ, Zhang HW, Yu HY, Zhang P, Wang ZG, Jia WP. Effect of 
Roux-en-Y gastric bypass on the remission of type 2 diabetes: 
a 3-year study in Chinese patients with a BMI<30 kg/m2. Surg 
Obes Relat Dis. 2016;12(7):1357–63.

20.	 Abdelbaki TN, Elkeleny MR, Sharaan MA, Talha A, Bondok 
M. Impact of laparoscopic sleeve gastrectomy on obese patients 
with subclinical hypothyroidism. J Laparoendosc Adv Surg Tech. 
2020;30(3):236–40.

21.	 Alghamdi H, Asiri A, Alzahrani F, Alamri Z, AbdelQadir YH, 
Shah J. Metabolic and hormonal changes after laparoscopic 
sleeve gastrectomy in pediatric population: an observational 
study. Front Surg. 2022;9.

Conclusion

In conclusion, bariatric surgery has an important impact on 
thyroid hormone levels and reduces TSH, total T3, free T3, 
and marginally total T4 serum levels. This effect is attrib-
uted to the age, sex, region, surgery type, baseline BMI, and 
pre-operative thyroid function, emphasizing the importance 
of monitoring patients’ post-operation for changes in thy-
roid hormones and the management of thyroid function, 
especially in patients with previous hypothyroidism and 
using levothyroxine. The included studies had heteroge-
neity in their design, follow-up times, and patient profiles, 
such as pre-operation thyroid function, which may have 
contributed to some variability in the results. In addition, 
we were unable to evaluate thyroid antibodies, which could 
have provided more insight into autoimmune factors. Future 
well-designed studies with longer follow-up and antibody 
measurements are needed to better understand how bariatric 
surgery affects thyroid function over time.
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