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Abstract

Background The effect of bariatric surgery on postoperative thyroid function remains incompletely understood. In
this study, we aimed to evaluate the changes in thyroid functions after gastric sleeve operation for morbidly obese
Egyptian patients.

Methods This was a prospective study that recruited 128 patients who underwent sleeve gastrectomy through the
period from December 2016 to April 2020. We measured thyroid-stimulating hormone (TSH), free thyroxin (FT4),
and free triiodothyronine. Subclinical hypothyroidism was defined by a TSH level > 4.5 mIU/L but a normal FT4
level. All patients were followed for 12 months after the procedure.

Results Preoperatively, 30 (23.4%) patients had subclinical hypothyroidism. The prevalence of subclinical
hypothyroidism decreased significantly to reach 7.8% at the end of follow-up (p < 0.001). None of the patients
developed de novo hypothyroidism at the end of follow-up. Patients with subclinical hypothyroidism were more
likely to be females (p = 0.037) and had significantly higher waist circumference (p < 0.001), DBP (p = 0.02),
serum cholesterol (p < 0.001), and serum triglyceride (p < 0.001). However, patients with subclinical hypothy-
roidism at the end of follow-up had significantly higher BMI at the end of the sixth month (p = 0.048). Similarly,
patients with subclinical hypothyroidism at the end of follow-up had significantly higher serum cholesterol
(» = 0.002), LDL, (p = 0.038), and serum triglyceride (p < 0.001) at the end of the sixth months of follow-up. A
similar trend was noted at the end of the 12th month. The preoperative value of serum TSH correlated significantly
with serum cholesterol and triglyceride levels.

Conclusion The positive effect of the LSG procedure on the hypothyroid bariatric population, including enhanced
thyroid function, was demonstrated.
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Introduction

Technically, laparoscopic sleeve gastrectomy (LSG) con-
sists of laparoscopic removal of about 75% of the stomach,
which results in considerable calorie restriction [1]. This
procedure is characterized by the lack of an intestinal
bypass that prevents gastrointestinal hernias [2]. In general,
females undergo bariatric surgery more frequently than
males, according to the literature. Regardless of the weight
loss, activation of some hormonal mechanisms such as
increased GLP-1 hormone and decreased ghrelin, in addi-
tion to increased gastric emptying and intestinal transit, is
the main benefit of this surgery [3, 4]. In addition to weight
loss, LSG has many well-established metabolic benefits;
insulin therapy diabetic patients have consistently experi-
enced a high percentage of complete remission after bar-
iatric operation [5]. Furthermore, bariatric operation
changes the distribution of fat from visceral to the subcu-
taneous portion to support the metabolic change, with
substantial loss of fatty tissue [6, 7]. Therefore, bariatric
procedures not only manipulate the weight of the obese
patients but also cause substantial rehabilitation of their
body’s damaged glucose and lipid homeostasis. It improves
beta-cell sensitivity and hinders resistance to insulin in
peripheral tissue [8, 9]

Hypothyroidism is one of the significant comorbidities
associated with morbid obesity. In patients undergoing
bariatric surgery, the risk of taking thyroid replacement
drugs is approximately 20% [10, 11]. The mechanism of
thyroid dysfunction in morbid obesity is multifactorial.
Serum thyrotropin concentrations in obese are correlated
more positively with bodyweight than in healthy individ-
uals. The progression of obesity tends to stimulate the
hypothalamic—pituitary—thyroid axis, similar to the changes
in primary thyroid disease that may explain the increased
TSH in obese populations [12]. Serum TSH was related to
weight gain, even in the general population of euthyroid
[13]. The thyroid function was reported to be strongly
affected by ghrelin and leptin. Thus, following bariatric
surgery, any change in the homeostasis of these hormones
may contribute significantly to thyroid function improve-
ment [14].

Bariatric procedures induce significant changes in the
mechanisms of homeostatic, including glucose and lipid
homeostasis, and enhance the hormone regulation system
[15]. Thyroid and calcium homeostasis hormones are
affected, as well [16]. It was reported that loss of weight
causes alteration of thyroid hormone levels, particularly in
euthyroid patients and hypothyroid patients [15, 16]. Free
triitodothyronine (fT3) was observed to decrease after the
surgery, while no changes were observed in the level of
free thyroxine (fT4) [17]. Also, drug absorption and

pharmacokinetics are impacted by bariatric surgery [18].
For maximum absorption of thyroxine, the acid gastric
environment is essential [19]. To date, the impact of bar-
iatric surgery on preoperative subclinical hypothyroidism
and whether patients with preoperative hypothyroidism
have not been well-studied yet. The effect of bariatric
surgery on postoperative thyroid function remains incom-
pletely understood with previous studies showing contra-
dictory results regarding the variation of TSH after
bariatric surgery and the relation of TSH variation with
postoperative weight loss [20, 21]. Besides, according to
the European and Brazilian guidelines, no enough data are
available to support the use of hormonal replacement on
hypothyroid patients undergoing bariatric surgery [22, 23].

In this study, we aimed to evaluate the changes in thy-
roid functions after gastric sleeve operation for morbidly
obese Egyptian patients.

Materials and methods
Study design and participant

The present report was prepared according to the STROBE
(STrengthening the Reporting of OBservational studies in
Epidemiology) statement [24]. The study’s protocol was
approved by the local ethics committee of Kasr-Alainy
University hospital.

This was a prospective study that recruited 144 patients
who underwent sleeve gastrectomy at Kasr-Alainy
University hospital. A total of 16 patients were excluded
from the final analysis due to a history of L thyroxine
therapy (n = 12) or lack of follow-up data at the end of the
first year of follow-up (n = 4). Thus, the study enrolled a
total of 128 patients. Written informed consent was
obtained prior to the recruitment phase.

Clinical and laboratory parameters

We collected the following data from the records of eli-
gible patients at the preoperative period, six months, and
12 months after the operation: demographic characteristics,
anthropometric data (weight, body mass index [BMI], and
height), systolic and diastolic blood pressure (SBP and
DBP), fasting blood glucose, glycated hemoglobin
(HbAc), lipid profile, thyroid-stimulating hormone (TSH),
free thyroxin (FT4), and free triiodothyronine (FT3).
Subclinical hypothyroidism was defined by a TSH
level > 4.5 mIU/L but a normal FT4 level [1].
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Statistical analysis

The results of quantitative variables were described by
mean and standard deviation (SD). Qualitative variables
were described by frequencies and percentages. Cochran’s
Q test was used to test the significance of the changes in
categorical variables over the follow-up period, while the
repeated measures ANOVA was used to assess the changes
in the quantitative variables. To evaluate the association
between two independent quantitative variables, Spearman
correlation coefficients were estimated. The comparison
between quantitative and qualitative variables was done by
using Student’s t test for independent samples or the non-
parametric Mann—Whitney U test. The level of significance
was determined at the level of less than 0.05.

Results

The changes in patients’ characteristics at the end
of follow-up

The mean age of the included patients was
36.2 £ 9.7 years old, and 67.2% of the patients were
females. The patients had a preoperative weight of
128.6 = 10.5 kg, a BMI of 47.75 + 9.46 kg/m2, and a
waist circumference of 116.29 £ 4.6 cm. Regarding thy-
roid variables, the average values of TSH, FT4, and FT3
were 3.37 £ 1.29 mU/L, 1.14 £ 0.55 ng/d, and
2.86 £ 0.35 ng/d, respectively. The serum TSH found
decreased  significantly to 2.69 &+ 1.1 ng/dL  and
2.0947 £ 1.2 ng/dL after six and 12 months, respectively
(p < 0.001). We also found a significant reduction in the
serum FT4 after six months (1.04 & 0.1ug/dL) and
12 months (1.03 £ 0.1ug/dL; P = 0.015). Likewise, there
was a statistically significant reduction in body weight,
BMI, fasting glycemia, total cholesterol, LDL, HDL,
triglycerides at the end follow-up (Table 1).

Association between preoperative subclinical
hypothyroidism and study’s parameters

Preoperatively, 30 (23.4%) patients had subclinical
hypothyroidism. The prevalence of subclinical hypothy-
roidism decreased significantly to reach 7.8% at the end of
follow-up (p < 0.001; Fig. 1). None of the patients devel-
oped de novo hypothyroidism at the end of follow-up.
Patients with subclinical hypothyroidism were more likely
to be females (p = 0.037) and had significantly higher
waist circumference (p < 0.001), DBP (p = 0.02), serum
cholesterol (p < 0.001), and serum triglyceride (p < 0.001;
Table 2). However, patients with subclinical hypothy-
roidism at the end of follow-up had significantly higher
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BMI at the end of the sixth month (p = 0.048). Similarly,
patients with subclinical hypothyroidism at the end of
follow-up had significantly higher serum cholesterol
(p = 0.002), LDL, (p =0.038), and serum triglyceride
(p < 0.001) at the end of the sixth months of follow-up. A
similar trend was noted at the end of the 12th month
(Table 3).

Correlation analysis

The preoperative value of serum TSH correlated significant
with serum cholesterol (r = 0.37; p = 0.001) and triglyc-
eride levels (r = 0.37; p = 0.001; Fig. 2). On the other
hand, the change in TSH level at the end of follow-up did
not correlate significantly with any of the postoperative
metabolic parameters (p > 0.05).

Discussion

In this study, we aimed to evaluate the changes in thyroid
functions after gastric sleeve operation for morbidly obese
Egyptian patients. Overall, we observed that the prevalence
of subclinical hypothyroidism among obese patients
undergoing LSG was 23.4%; the LSG had a positive
impact on this prevalence and significantly reduced the
prevalence of subclinical hypothyroidism to 7.8% at the
end of follow-up. None of the patients developed de novo
hypothyroidism at the end of follow-up. Patients with
subclinical hypothyroidism were more likely to be females
and had significantly higher weight circumference, DBP,
serum cholesterol, and serum triglyceride.

Subclinical hypothyroidism significantly increases the
risk of cardiovascular diseases, endothelial dysfunction,
ventricular dysfunction, and dyslipidemia [25, 26]. The
prevalence of subclinical hypothyroidism was higher in our
morbidly obese patients (23.4%) than in the general pop-
ulation from Middle East (3-10%) [27, 28], which is
consistent with the literature. Thyroid dysfunction should
be screened for patients scheduled for bariatric surgery and
strictly controlled if replacement therapy is required. A
significant association was observed between hypothy-
roidism and high weight circumference (p < 0.001), DBP
(»p = 0.02), serum cholesterol (p < 0.001), and serum
triglyceride (p < 0.001). Razvi et al. [29] showed a sig-
nificant elevation in the DBP and total cholesterol in the
subclinical hypothyroidism patients compared with euthy-
roid (p = 0.02). Atherosclerosis, metabolic syndrome, and
heart failure were also reported to be linked to mild dys-
function of the thyroid gland [30].

Six months after the procedure, we found a significant
reduction in the TSH and T4 levels (p < 0.001). The same
was observed 12 months after the procedure. Moreover, the
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Table 1 The changes in anthropometric and biochemical parameters

Variables Patients (n = 128) p-value

Baseline Sixth month 12th months

Weight (kg), mean £+ SD 128.6 £ 10.5 108.48 + 9.7 948 £ 7 < 0.001
BMI (kg/m?), mean + SD 47.75 £ 9.46 39.59 £ 3 3471 £ 24 < 0.001
Waist circumference (cm), mean + SD 116.29 + 4.6 110.2 + 3.9 103.5 + 4.1 < 0.001
SBP (mmHg), mean + SD 130.42 + 8.5 127.43 + 6.1 12553 £ 5.9 < 0.001
Hypertension, no (%) 20 (15%) 0(0%) 0 (0%) < 0.001
FBG (mg/dL), mean + SD 109.42 + 21 103.2 + 18.1 99.9 £+ 16.5 < 0.001
HbAlc (%), mean + SD 6.2 +0.74 5.76 £ 0.7 54 £ 047 < 0.001
Diabetes, no. (%) 37 (27.8%) 19 (14.3%) 3 (2.3%) < 0.001
Prediabetic, no. (%) 37 (27.8%) 22 (16.5%) 3 (2.3%) < 0.001
Serum cholesterol (mg/dL), mean £ SD 181.13 4+ 22.2 165.1 + 18.3 1619 + 17.3 < 0.001
Serum LDL (mg/dL), mean £+ SD 113.21 +£ 21.6 106.1 £ 17.1 102.7 £ 16.3 < 0.001
Serum HDL (mg/dL), mean £+ SD 4337 £52 413 £ 54 4296 £ 5.1 < 0.001
Serum triglyceride (mg/dL), mean + SD 145.87 £+ 32.8 139.13 £ 25.2 144.4 £ 99.9 < 0.001
Hyperlipidemia, no. (%) 19 (14.3%) 12 (9%) 6 (4.5%) < 0.001
Serum TSH (ng/dL), mean 4+ SD 3.37 £ 1.29 2.69 £+ 1.1 2.0947 £ 1.2 < 0.001
Serum FT4 (ug/d), mean + SD 1.14 £+ 0.55 1.04 £+ 0.1 1.03 £ 0.1 0.015
Serum FT3 (ug/d), mean + SD 2.86 + 0.35 2.97 £ 0.35 2.93 £ 0.33 0.003

Repeated measures ANOVA. Cochran’s Q test was used in categorical variables

Fig. 1 The changes in the
frequency of subclinical

hypothyroidism 100.0%
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prevalence of subclinical hypothyroidism decreased sig-
nificantly to reach 7.8% at the end of follow-up
(p < 0.001), associated with a significant reduction in body
weight, BMI, weight circumference, fasting glycemia, total
cholesterol, LDL, HDL, and triglycerides. These findings

emphasize the positive effect of bariatric surgery on
hypothyroid patients. Besides, weight loss from bariatric
operation in euthyroid patients with morbid obesity was
reported to be significantly associated with a decrease in
TSH [31, 32]. Normalization of TSH after bariatric surgery
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Table 2 The difference in preoperative characteristics between patients with euthyroid and patients with subclinical hypothyroidism

Variable Euthyroid (n = 98) Subclinical hypothyroidism (n = 30) P-value
Female, no. (%) 55 (56.1%) 22 (73.3%) 0.037
Age (years), mean = SD 36.2 &£ 9.7 342 £ 7.1 0.72
Weight (kg), mean + SD 127.91 £+ 10.1 131.1 £ 11.5 0.15
Height (cm), mean + SD 164.72 + 17.7 162.8 £9.2 0.57
BMI (kg/m?), mean + SD 47.22 + 10.6 495+ 33 0.24
Waist circumference (cm), mean + SD 1154 + 4.1 1192 £ 52 < 0.001
SBP (mmHg), mean £+ SD 130.17 £ 7.9 131.23 + 10.2 0.55
FBG (mg/dL), mean £+ SD 111.3 £21.3 103.1 £ 18.8 0.06
HbAlc (%), mean + SD 6.2 + 0.7 6.3 +0.8 0.51
Diabetes, no. (%) 24 (24.5%) 13 (43.3%) 0.05
Prediabetic, no. (%) 29 (38.7%) 8 (26.7%) 0.52
SBP (mmHg), mean + SD 130.17 £ 7.9 131.2 £ 10.3 0.55
DBP (mmHg), mean £+ SD 80.6 £ 6.2 83.6 £ 6.5 0.02
Hypertension, no (%) 14 (14.3%) 6 (20%) 0.45
Serum cholesterol (mg/dL), mean £+ SD 1759 + 21.3 1979 + 18.1 < 0.001
Serum LDL (mg/dL), mean £ SD 111.2 £ 195 119.7 £ 26.9 0.061
Hyperlipidemia, no. (%) 7 (7.1%) 12 (40%) < 0.001
Serum HDL (mg/dL), mean + SD 435+ 42 4296 + 5.1 0.94
Serum triglyceride (mg/dL), mean &+ SD 139.1 £ 33.5 168.2 £+ 16.7 < 0.001
Serum TSH (ng/dL), mean &+ SD 26 £ 1.1 59+£25 < 0.001
Serum FT4 (ug/d), mean + SD 1 £0.1 1.1 £0.13 0.14
Serum FT3 (ug/d), mean + SD 29+ 04 29+ 04 0.49

Student’s t test for independent samples or the nonparametric Mann—Whitney U test. For categorical Chi-square test

was observed in patients with a clinical diagnosis of
hypothyroidism [33, 34]. Previous research provided con-
tradictory results concerning the impact of bariatric surgery
on thyroid functions; most [21, 32], but not all [35], studies
found that TSH was substantially decreased, but FT4 was
not changed, following the procedure due to include
specific study population baseline characteristics, the types
of operation, and follow-up durations. Zendel et al. con-
ducted a study on 93 hypothyroid patients who underwent
bariatric surgery. They demonstrated that mean TSH levels
were significantly declined after 6 and 12 months, with no
changes in mean FT4 levels [36]. The findings of Neves
et al., who found a significant reduction in the TSH levels
in patients with high-normal TSH after 12 months of bar-
iatric procedure, indicate that patients with morbid obesity
and higher TSH levels tend to normalize thyroid function
following metabolic surgery [32]. Zhu and his colleagues
showed a significant reduction in TSH levels with no
change in T4 levels after LSG in both subclinical
hypothyroidism and euthyroid. Moreover, they recorded a
92.8% normalization of TSH among the subclinical
hypothyroidism patients 12 months after LSG, which was
similar to a 90% remission after LSG described by Ruiz-

@ Springer

Tovar et al. [37]. Interestingly, the degree of TSH change
at the end of follow-up did not correlate significantly with
the degree of weight loss and BMI. In agreement, Zendel
et al. and Moulin de Moraes et al. did not report a signif-
icant correlation between TSH reduction and weight loss or
BMI [36, 38].

While the exact underlying mechanisms associated with
the positive impact of bariatric surgery on thyroids function
have not fully elucidated yet, many theories have been
proposed over recent years. Many authors suggested that
the normalization of thyroid hormones following bariatric
surgery is closely related to leptin changes after the pro-
cedure, and leptin hormone significantly influences the
release of THR [39]. According to previous reports,
patients exhibited a significant reduction in leptin levels
after bariatric surgery, which can be translated into the
normalization of TSH levels. The positive impact of LSG
on ghrelin levels can provide an additional explanation for
thyroid function changes after the surgery [40], and the
ghrelin levels were found to be positively correlated with
TSH levels [41]. Thus, the combination of weight loss and
hormonal changes after the LSG seems to provide potential
explanations of the physiologic mechanisms which may be
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Table 3 The difference in postoperative characteristics between patients with euthyroid and patients with subclinical hypothyroidism
Variable Sixth months P- 12th months P-
- . - value - ” - value
Euthyroid Subclinical hypothyroidism Euthyroid Subclinical hypothyroidism
(n =118) (n = 10) (n =118) (n =10)
Weight (Kg), mean £ SD 108.34 + 9.84 110.2 + 9.1 0.001 9485+ 7.12 943 4+ 5.1 0.003
BMI (kg/m?), mean + SD 39.42 4+ 3.089 41.63 + 2.99 0.001 34.63 + 233 357 + 3.31 0.005
FBG (mg/dL), mean &+ SD 103.98 + 18.1  93.7 4 16.58 0.001 100.65 + 18.1  90.9 + 15.07 0.001
HbAlc (%), mean = SD 6.11 £ 0.72 5.34 £ 0.65 0.084 59 4 0.52 5.1 £0.39 0.063
Diabetes, no. (%) 16 (13.6%) 3 (30%) 0.169  2(1.7%) 1 (10%) 0.218
Prediabetic, no. (%) 19 (16.1%) 3 (30%) 0374  2(1.7%) 1 (10%) 0.218
Serum Cholesterol (mg/dL), 163.8 & 18.33  179.7 £ 11.98 0.001 160.7 + 17.2 175.8 & 11.35 0.001
mean + SD
Serum LDL (mg/dL), 105.2 £ 17.0 116.7 £ 14.62 0.001 101.89 £16.2 112.8 &+ 13.9 0.001
mean £+ SD
Serum HDL (mg/dL), 41.01 £ 54 439 £ 3.95 0.001 427 £5.018 455+ 4.0 0.003
mean + SD
Serum triglyceride (mg/dL), 137.5 £ 255 158.2 + 8.79 0.012 143.6 4+ 104.1 153.7 £ 8.76 0.093
mean + SD
Hyperlipidemia, no. (%) 8 (6.8%) 4 (40%) 0.007 5 (4.2%) 1 (10%) 0.392
Serum TSH (ng/dL), 2.5+ 092 492 + 31 0.001 2.46 £+ 0.89 4.67 + .016 0.001
mean + SD
Serum FT4 (ug/d), 1.04 £ 0.1 1.0 £ 0.13 0.001 1.03 £0.1 1.02 £ 0.15 0.001
mean = SD
Serum FT3 (ug/d), 2.96 £+ 0.35 3.02 £ 0.26 0.001 2.93 £+ 0.33 297 £ 0.33 0.001
mean + SD

Student’s t test for independent samples or the nonparametric Mann—Whitney U test. For categorical Chi-square test

700 7.00
-] 6.00-
5.00-
500
% 4.00
T | y
w o -
4
3,00
300
200
2.00-]
[ o 200 80 o
o
O ° 0,0 © 1.00
o
1.00 T T T Q o T T
1250 150.0 1750 200.0 2250
CHOL

Fig. 2 Correlation between serum TSH and a cholesterol and b triglyceride

responsible for the observed improvement of thyroid

function after LSG.

In conclusion, the positive effect of the LSG procedure
the hypothyroid bariatric population,

on

studies are required to evaluate the effect of absorption of

thyroid replacement therapy and to compare the various

including

enhanced thyroid function, was demonstrated. Further

types of bariatric operations.

@ Springer



3136

World J Surg (2021) 45:3130-3137

Funding None. (Authors confirm they did not receive any funding to
do this work.)

Declarations

Conflict of interest All authors confirm no financial or personal
relationship with a third party whose interests could be positively or
negatively influenced by the article’s content.

References

10.

11.

12.

13.

14.

15.

. Shabbir A, Dargan D (2015) The success of sleeve gastrectomy in

the management of metabolic syndrome and obesity. J Biomed
Res 29:93-97. https://doi.org/10.7555/JBR.28.20140107

. Hoyuela C (2017) Five-year outcomes of laparoscopic sleeve

gastrectomy as a primary procedure for morbid obesity: a
prospective study. World J Gastrointest Surg 9:109. https://doi.
org/10.4240/wjgs.v9.i4.109

. Hutch CR, Sandoval D (2017) The Role of GLP-1 in the meta-

bolic success of bariatric surgery. Endocrinology 158:4139-4151.
https://doi.org/10.1210/en.2017-00564

. Dimitriadis GK, Randeva MS, Miras AD (2017) potential hor-

mone mechanisms of bariatric surgery. Curr Obes Rep
6:253-265. https://doi.org/10.1007/s13679-017-0276-5

. Johar D, Ahmed SM, El.Hayek S et al (2019) Diabetes-induced

proteome changes throughout development. Endocrine, Metab
Immune Disord - Drug Targets 19:732-743. https://doi.org/10.
2174/1871530319666190305153810

. Koliaki C, Liatis S, le Roux CW, Kokkinos A (2017) The role of

bariatric surgery to treat diabetes: current challenges and per-
spectives. BMC Endocr Disord 17:50

. Frikke-Schmidt H, O’Rourke RW, Lumeng CN et al (2016) Does

bariatric surgery improve adipose tissue function? Obes Rev
17:795-809. https://doi.org/10.1111/obr.12429

. Ferrannini E, Mingrone G (2009) Impact of different bariatric

surgical procedures on insulin action and -cell function in type 2
diabetes. Diabetes Care 32:514-520. https://doi.org/10.2337/
dc08-1762

. Bradley D, Magkos F, Klein S (2012) Effects of bariatric surgery

on glucose homeostasis and type 2 diabetes. Gastroenterology
143:897-912. https://doi.org/10.1053/j.gastro.2012.07.114
Solanki A, Bansal S, Jindal S et al (2013) Relationship of serum
thyroid stimulating hormone with body mass index in healthy
adults. Indian J Endocrinol Metab 17:167. https://doi.org/10.
4103/2230-8210.119560

Michalaki MA, Vagenakis AG, Leonardou AS et al (2006)
Thyroid function in humans with morbid obesity. Thyroid
16:73-78. https://doi.org/10.1089/thy.2006.16.73

Laurberg P, Knudsen N, Andersen S et al (2012) Thyroid func-
tion and obesity. Eur Thyroid J 1:159-167. https://doi.org/10.
1159/000342994

Svare A, Nilsen TIL, Bjgro T et al (2011) Serum TSH related to
measures of body mass: longitudinal data from the HUNT Study.
Norway Clin Endocrinol (Oxf). https://doi.org/10.1111/j.1365-
2265.2011.04009.x

Yu H, Li Q, Zhang M et al (2019) decreased leptin is associated
with alterations in thyroid-stimulating hormone levels after roux-
en-y gastric bypass surgery in obese euthyroid patients with type
2 diabetes. Obes Facts 12:272-280. https://doi.org/10.1159/
000499385

Dall’Asta C, Paganelli M, Morabito A et al (2010) Weight loss
through gastric banding: effects on tsh and thyroid hormones in

@ Springer

16.

17.

18.

19.

20.

21.

22

23.

24.

25.

26.

217.

28.

29.

30.

31.

obese subjects with normal thyroid function.
18:854-857. https://doi.org/10.1038/0by.2009.320
Campbell I (2005) Thyroid and parathyroid hormones and cal-
cium homeostasis. Anaesth Intensive Care Med 6:333-336.
https://doi.org/10.1383/anes.2005.6.10.333

Hosur MB, Puranik RS, Vanaki S, Puranik SR (2012) Study of
thyroid hormones free triiodothyronine (FT3), free thyroxine
(FT4) and thyroid stimulating hormone (TSH) in subjects with
dental fluorosis. Eur J Dent. https://doi.org/10.1055/s-0039-
1698949

O’Brien P, McPhail T, Chaston T, Dixon J (2006) Systematic
Review of Medium-Term Weight Loss after Bariatric Operations.
Obes Surg 16:1032-1040. https://doi.org/10.1381/
096089206778026316

Andari Sawaya R, Jaffe J, Friedenberg L, KFriedenberg F (2012)
Vitamin, mineral, and drug absorption following bariatric sur-
gery. Curr Drug Metab 13:1345-1355. https://doi.org/10.2174/
138920012803341339

Juiz-Valina P, Outeirifio-Blanco E, Pértega S et al (2019) Effect
of weight loss after bariatric surgery on thyroid-stimulating
hormone levels in euthyroid patients with morbid obesity.
Nutrients 11:1121. https://doi.org/10.3390/nul1051121
Abu-Ghanem Y, Inbar R, Tyomkin V et al (2015) Effect of sleeve
gastrectomy on thyroid hormone levels. Obes Surg 25:452-456.
https://doi.org/10.1007/s11695-014-1415-7

Fadeyev VV (2013) Guideline of the European thyroid associa-
tion: management of subclinical hypothyroidism. Clin Exp Thy-
roidol 9:10

Sgarbi JA, Teixeira PFS, Maciel LMZ et al (2013) The Brazilian
consensus for the clinical approach and treatment of subclinical
hypothyroidism in adults: recommendations of the thyroid
department of the Brazilian society of endocrinology and meta-
bolism. Arq Bras Endocrinol Metabol 57:166-183. https://doi.
org/10.1590/S0004-27302013000300003

Von EE, Altman DG, Egger M et al (2014) The strengthening the
reporting of observational studies in epidemiology ( STROBE )
statement: guidelines for reporting observational studies. Int J
Surg 12:1495-1499. https://doi.org/10.1016/j.ijsu.2014.07.013
Tseng FY, Lin WY, Lin CC et al (2012) Subclinical hypothy-
roidism is associated with increased risk for all-cause and car-
diovascular mortality in adults. J Am Coll Cardiol 60:730-737.
https://doi.org/10.1016/j.jacc.2012.03.047

Biondi B, Palmieri EA, Lombardi G, Fazio S (2002) Effects of
subclinical thyroid dysfunction on the heart. Ann Intern Med
137:904-914

Eloraby H, Halawa M, Abdelsalam M et al (2013) Study of the
prevalence of subclinical hypothyroidism in type 2 diabetic
Egyptian women. Endocr Abstr. https://doi.org/10.1530/endoabs.
32.p385

Al Eidan E, Ur Rahman S, Al Qahtani S et al (2018) Prevalence
of subclinical hypothyroidism in adults visiting primary health-
care setting in Riyadh. J Community Hosp Intern Med Perspect
8:11-15. https://doi.org/10.1080/20009666.2017.1422672

Razvi S, Weaver JU, Vanderpump MP, Pearce SHS (2010) The
incidence of ischemic heart disease and mortality in people with
subclinical hypothyroidism: reanalysis of the whickham survey
cohort. J Clin Endocrinol Metab 95:1734—1740. https://doi.org/
10.1210/j¢.2009-1749

Delitala AP, Fanciulli G, Maioli M, Delitala G (2017) Subclinical
hypothyroidism, lipid metabolism and cardiovascular disease.
Eur J Intern Med 38:17-24. https://doi.org/10.1016/j.ejim.2016.
12.015

Yang J, Gao Z, Yang W et al (2017) Effect of sleeve gastrectomy
on thyroid function in chinese euthyroid obese patients. Surg
Laparosc Endosc Percutaneous Tech. https://doi.org/10.1097/
SLE.0000000000000432

Obesity


https://doi.org/10.7555/JBR.28.20140107
https://doi.org/10.4240/wjgs.v9.i4.109
https://doi.org/10.4240/wjgs.v9.i4.109
https://doi.org/10.1210/en.2017-00564
https://doi.org/10.1007/s13679-017-0276-5
https://doi.org/10.2174/1871530319666190305153810
https://doi.org/10.2174/1871530319666190305153810
https://doi.org/10.1111/obr.12429
https://doi.org/10.2337/dc08-1762
https://doi.org/10.2337/dc08-1762
https://doi.org/10.1053/j.gastro.2012.07.114
https://doi.org/10.4103/2230-8210.119560
https://doi.org/10.4103/2230-8210.119560
https://doi.org/10.1089/thy.2006.16.73
https://doi.org/10.1159/000342994
https://doi.org/10.1159/000342994
https://doi.org/10.1111/j.1365-2265.2011.04009.x
https://doi.org/10.1111/j.1365-2265.2011.04009.x
https://doi.org/10.1159/000499385
https://doi.org/10.1159/000499385
https://doi.org/10.1038/oby.2009.320
https://doi.org/10.1383/anes.2005.6.10.333
https://doi.org/10.1055/s-0039-1698949
https://doi.org/10.1055/s-0039-1698949
https://doi.org/10.1381/096089206778026316
https://doi.org/10.1381/096089206778026316
https://doi.org/10.2174/138920012803341339
https://doi.org/10.2174/138920012803341339
https://doi.org/10.3390/nu11051121
https://doi.org/10.1007/s11695-014-1415-7
https://doi.org/10.1590/S0004-27302013000300003
https://doi.org/10.1590/S0004-27302013000300003
https://doi.org/10.1016/j.ijsu.2014.07.013
https://doi.org/10.1016/j.jacc.2012.03.047
https://doi.org/10.1530/endoabs.32.p385
https://doi.org/10.1530/endoabs.32.p385
https://doi.org/10.1080/20009666.2017.1422672
https://doi.org/10.1210/jc.2009-1749
https://doi.org/10.1210/jc.2009-1749
https://doi.org/10.1016/j.ejim.2016.12.015
https://doi.org/10.1016/j.ejim.2016.12.015
https://doi.org/10.1097/SLE.0000000000000432
https://doi.org/10.1097/SLE.0000000000000432

World J Surg (2021) 45:3130-3137

3137

32.

33.

34.

35.

36.

37.

Neves JS, Castro Oliveira S, Souteiro P et al (2018) Effect of
weight loss after bariatric surgery on thyroid-stimulating hor-
mone levels in patients with morbid obesity and normal thyroid
function. Obes Surg. https://doi.org/10.1007/s11695-017-2792-5
Janssen IMC, Homan J, Schijns W et al (2015) Subclinical
hypothyroidism and its relation to obesity in patients before and
after roux-en-y gastric bypass. Surg Obes Relat Dis. https://doi.
org/10.1016/j.soard.2015.02.021

Peterli R, Wolnerhanssen BK, Peters T et al (2018) Effect of
laparoscopic sleeve gastrectomy vs laparoscopic roux-en-y gas-
tric bypass onweight loss in patients with morbid obesity the sm-
boss randomized clinical trial. JAMA - J Am Med Assoc. https://
doi.org/10.1001/jama.2017.20897

MacCuish A, Razvi S, Syed AA (2012) Effect of weight loss after
gastric bypass surgery on thyroid function in euthyroid people
with morbid obesity. Clin Obes 2:25-28. https://doi.org/10.1111/
j-1758-8111.2012.00036.x

Zendel A, Abu-Ghanem Y, Dux J et al (2017) The impact of
bariatric surgery on thyroid function and medication use in
patients with hypothyroidism. Obes Surg. https://doi.org/10.1007/
s11695-017-2616-7

Ruiz-Tovar J, Boix E, Galindo I et al (2014) Evolution of sub-
clinical hypothyroidism and its relation with glucose and
triglycerides levels in morbidly obese patients after undergoing

38.

39.

40

41.

sleeve gastrectomy as bariatric procedure. Obes
24:791-795. https://doi.org/10.1007/s11695-013-1150-5
Moulin De Moraes CM, Mancini MC, De Melo ME et al (2005)
Prevalence of subclinical hypothyroidism in a morbidly obese
population and improvement after weight loss induced by roux-
en-y gastric bypass. Obes Surg. https://doi.org/10.1381/
096089205774512537

Harris M, Aschkenasi C, Elias CF et al (2001) Transcriptional
regulation of the thyrotropin-releasing hormone gene by leptin
and melanocortin signaling. J Clin Invest 107:111-120. https://
doi.org/10.1172/JCI110741

Langer FB, Hoda MAR, Bohdjalian A et al (2005) Sleeve gas-
trectomy and gastric banding: effects on plasma ghrelin levels.
Obes Surg 15:1024-1029

Emami A, Nazem R, Hedayati M (2014) Is association between
thyroid hormones and gut peptides, ghrelin and obestatin, able to
suggest new regulatory relation between the HPT axis and gut?
Regul Pept 189:17-21. https://doi.org/10.1016/j.regpep.2014.01.
001

Surg

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1007/s11695-017-2792-5
https://doi.org/10.1016/j.soard.2015.02.021
https://doi.org/10.1016/j.soard.2015.02.021
https://doi.org/10.1001/jama.2017.20897
https://doi.org/10.1001/jama.2017.20897
https://doi.org/10.1111/j.1758-8111.2012.00036.x
https://doi.org/10.1111/j.1758-8111.2012.00036.x
https://doi.org/10.1007/s11695-017-2616-7
https://doi.org/10.1007/s11695-017-2616-7
https://doi.org/10.1007/s11695-013-1150-5
https://doi.org/10.1381/096089205774512537
https://doi.org/10.1381/096089205774512537
https://doi.org/10.1172/JCI10741
https://doi.org/10.1172/JCI10741
https://doi.org/10.1016/j.regpep.2014.01.001
https://doi.org/10.1016/j.regpep.2014.01.001

	Laparoscopic Sleeve Gastrectomy has A Positive Impact on Subclinical Hypothyroidism Among Obese Patients: A Prospective Study
	Abstract
	Background
	Methods
	Results
	Conclusion

	Introduction
	Materials and methods
	Study design and participant
	Clinical and laboratory parameters
	Statistical analysis

	Results
	The changes in patients’ characteristics at the end of follow-up
	Association between preoperative subclinical hypothyroidism and study’s parameters
	Correlation analysis


	Discussion
	Funding
	References




