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Abstract
Background: Leptin has been shown to stimulate the hypothalamus-pituitary-thyroid (HPT) 
axis in vivo and vitro. Its role in thyroid axis regulation after weight loss induced by bariatric 
surgery is still unknown. The aim of this study was to evaluate the influence of leptin on weight 
loss and thyroid function variation induced by Roux-en-Y gastric bypass (RYGB) surgery in 
euthyroid individuals with obesity and type 2 diabetes mellitus (T2DM). Methods: 65 Chinese 
individuals with obesity and T2DM who underwent RYGB, and 27 healthy volunteers were en-
rolled in this retrospective study. Participants were evaluated for changes in anthropometric 
parameters, metabolic indexes, thyroid function, and leptin levels before and 12 months after 
surgery. Results: After RYGB, all of these patients experienced significant weight reduction 
and improved glucose control. Metabolic parameters were significantly ameliorated after sur-
gery compared with baseline. Thyroid hormones including free triiodothyronine (FT3), free 
thyroxine (FT4), and thyroid-stimulating hormone (TSH) declined in parallel. Median (IQR) 
plasma leptin levels decreased from 33.7 ng/mL (17.9–63.1) to 10.3 ng/mL (4.0–18.5). Pearson 
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correlation analysis showed that TSH was significantly positively correlated with body mass 
index, C-reactive protein (CRP), and leptin. Multiple stepwise linear regression indicated that 
leptin and CRP were independent factors affecting TSH. The β coefficients were 0.38 (p = 
0.001) and 0.32 (p = 0.004), respectively. There was a significant positive correlation between 
ΔTSH and Δleptin (r = 0.33, p = 0.01). Conclusion: Decreased or normalized TSH levels after 
weight loss induced by RYGB might be mediated by the decline in leptin. There could be cross 
talk between adipose tissue and the HPT axis. © 2019 The Author(s)

Published by S. Karger AG, Basel

Introduction

Obesity is one of the most common diseases in many countries, affecting > 600 million 
adults worldwide [1]. Sustained imbalance between energy intake and energy output plays a 
pivotal role in the progress of obesity. As a systemic disease, obesity can cause a series of 
comorbidities and weaken multiple organ functions. Various abnormalities of the endocrine 
system, such as the hyperactivity of the hypothalamic-pituitary-adrenal axis, impaired growth 
hormone response to established stimuli, and thyroid dysfunction have been observed in 
patients with obesity [2]. Within the normal range, serum TSH is significantly and positively 
correlated with body mass index (BMI). In addition, weight loss in these individuals was asso-
ciated with changes in serum thyroid-stimulating hormone (TSH) and thyroid hormone levels 
[2–4]. Meanwhile, type 2 diabetes mellitus (T2DM) is the most common chronic endocrine 
disease, characterized by hyperglycemia resulting from impaired insulin secretion and/or 
insulin resistance [5]. Recently, increased interest has been focused on the relationship 
between thyroid function and T2DM. Decreased free triiodothyronine (FT3) and free thyroxine 
(FT4) levels were independently related to the prevalence of T2DM among the adult popu-
lation. A significant negative relationship between TSH and T2DM was observed in male but 
not in female individuals [6].

Bariatric surgery is currently one of the most effective treatments to achieve long-term 
weight reduction. Roux-en-Y gastric bypass (RYGB) surgery, a commonly performed oper-
ation, can bring about long-term weight loss and excellent remission of associated comor-
bidities and metabolic disorders [7, 8]. Inconsistent thyroid hormone level alterations in 
patients with obesity after bariatric surgery were observed in several studies mainly due to 
different study populations, sample sizes, and surgical procedures [9, 10], emphasizing the 
need for further research.

The relationship between adipose tissue and thyroid function remains uncertain. The 
complex interaction between thyroid hormones and adipose tissue involves TSH and thyroid 
hormones which further participate in adipocyte differentiation and lipolysis regulation [11], 
while various adipocyte cytokines interact with the hypothalamus-pituitary-thyroid (HPT) 
axis. Leptin, secreted by adipose tissue, is one component of a regulatory loop linking fat mass 
to food intake and energy expenditure [12]. Furthermore, leptin plays an important role in 
the regulation of the HPT axis by controlling thyrotropin-releasing hormone gene expression 
in the paraventricular nucleus. TSH in turn stimulates leptin secretion by adipose tissue [13]. 
The mutual relationship between leptin and the HPT axis in humans has been an area of great 
scientific interest.

It is not clear whether leptin participates in the process of weight loss and thyroid 
hormone level alterations after bariatric surgery, especially in the context of T2DM. Therefore, 
our aim was to evaluate the effect of leptin on weight loss and thyroid function variation 
induced by RYGB in euthyroid individuals with obesity and T2DM.
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Methods

Study Population
This is a retrospective study; 65 euthyroid individuals diagnosed with obesity and T2DM 

and 27 healthy controls matched for gender and age were enrolled in this study. Age, height, 
weight, BMI, medical history, and current medications were recorded before and after 
surgery. Levels of glucose, hemoglobin A1c (HbA1c), C-peptide, thyroid hormones, and other 
biochemical parameters were detected at baseline and 12 months after the operation. 
Exclusion criteria included (1) abnormal levels of thyroid hormones, (2) a history of thyroid 
disease, including hyper- and hypothyroidism, (3) previous diagnosis of pituitary-related 
disorders, and (4) drug therapy affecting serum levels of thyroid hormones in the past 3 
months.

According to the World Medical Association’s recommendations, this study was approved 
by the Sixth People’s Hospital Ethics Committee (Shanghai Jiao Tong University). All partici-
pants gave written informed consent before the study.

The retrospective study identifier in clinicaltrials.gov is NCT02217943.

Surgical Technique
All surgical procedures, using a previously reported standardized technique, were 

performed laparoscopically by a single surgeon [14]. A 25-mL gastric pouch was separated 
from the distal remnant. The lengths of the biliopancreatic and alimentary limbs were 
100–120 cm.

Laboratory Measurements
Blood samples were collected from all enrolled subjects after an overnight fast in order 

to assess biochemical and hormonal parameters. Serum lipid profiles were determined by 
standard enzymatic methods using a Hitachi 747 analyzer (Castle Hill, NSW, Australia). 
Plasma glucose concentrations were assessed using the glucose oxidase method on a Hitachi 
747 analyzer. High-performance liquid chromatography (Bio-Rad Laboratories, Hercules, CA, 
USA) was used to detect HbA1c. Serum C-peptide was measured by radioimmunoassay using 
specific detection kits according to the manufacturer’s instructions (Beijing North Institute 
of Biological Technology, Beijing, China). Serum FT3, FT4, and TSH were all detected applying 
the electrochemiluminescence immunoassay. The normal ranges of serum FT3, FT4, and TSH 
levels are 3.1–6.8 pmol/L, 12.0–22.0 pmol/L, and 0.27–4.20 mIU/L, respectively. The intra- 
and interassay coefficients of the 2 indexes were < 10%. Serum C-reactive protein (CRP) level 
was measured by particle-enhanced immunonephelometry (Dade Behring Inc., Newark, NJ, 
USA). The lower detection limit of the assay was 0.15 mg/L. Human leptin was measured by 
quantitative sandwich ELISA (BioVendor, Brno, Czech Republic; lot No. E14-025), in accor-
dance with the manufacturer’s instructions. Intra- and interassay variability of the kit was 4.2 
and 6.7%, respectively.

Calculations
BMI was computed as weight (kg) divided by height (m2). HOMA-IR (homeostatic model 

assessment for insulin resistance) was calculated as fasting insulin (mIU/L) × fasting glucose 
(mM)/22.5. The changes in TSH (ΔTSH), BMI (ΔBMI), HbA1c (ΔHbA1c), CRP (ΔCRP), and leptin 
(Δleptin) were deemed as the values 12 months after surgery minus the values at baseline.

Statistical Analysis
All continuous variables were tested for normal distribution using the Kolmogorov-

Smirnov normality test. Clinical characteristics and metabolic variables were presented as 
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means ± SD or medians (IQR). The paired-sample or Wilcoxon signed-rank test was applied 
to compare continuous data at baseline and 12 months after surgery. Clinical characteristics 
between the obesity with T2DM group and the healthy control group were compared by 
Student’s t test or Mann-Whitney U test. Pearson correlation analysis was used to determine 
correlations between multiple clinical parameters and TSH. This method was also conducted 
to assess the mathematical relationship between ΔTSH and age, Δleptin, ΔHbA1c, and ΔCRP, 
respectively. Multiple stepwise regression analysis was used to evaluate the independent 
parameters concerned with TSH. Variables related to TSH with p < 0.2 confirmed by Pearson 
correlation were entered into the multiple stepwise regression model. Statistical significance 
in this study was defined as p < 0.05 (two-tailed tests). Statistical analyses were performed 
using SPSS 17.0 (SPSS, Chicago, IL, USA).

Results

Clinical and biochemical characteristics of participants in the bariatric surgery follow-up 
study and age- and gender-matched controls are summarized in Table 1. Systolic blood 
pressure, diastolic blood pressure, serum glucose level, HbA1c, C-peptide, CRP, BMI, HOMA-IR, 

Table 1. Clinical and biochemical parameters of obese patients with T2DM before and 1 year after RYGB and controls

Variables Patients Controls

baseline 12 months after surgery

Subjects, n (females/males) 65 (34/31) – 27 (17/10)
Age, years 39.9±10.3 – 40.3±9.3
Diabetes duration, years 4.0 (1.0–6.5) – –
Body mass index 32.5±4.6 23.1±3.2** 22.8±2.2**
Blood pressure, mm Hg

Systolic 130.6±15.1 118.8±12.9** 111.4±12.5**, ##

Diastolic 82.9±10.2 75.7±9.3** 73.2±9.5**, ##

Alanine transaminase, U/L 35.0 (19.0–47.0) 19.0 (14.0–28.0)** 13.5 (10.0–23.0)**, #

Aspartate transaminase, U/L 21.0 (16.5–31.5) 19.0 (16.0–24.0)** 17.5 (14.8–20.0)**
BUN, mmol/L 4.6±1.1 4.7±1.3 4.8±1.1
Total cholesterol, mmol/L 5.1±1.2 4.1±0.7** 4.2±0.7**
Triglycerides, mmol/L 1.9 (1.4–2.9) 0.9 (0.7–1.2)** 0.9 (0.7-1.3)**
HDL-cholesterol, mmol/L 1.0±0.2 1.3±0.3** 1.4±0.3**, ##

LDL-cholesterol, mmol/L 3.0±1.0 2.3±0.6** 2.6±0.6**
Plasma glucose, mmol/L

Fasting 8.2±2.7 5.3±1.0** 5.3±0.4**
2 h after a meal 12.1±4.0 6.2±2.7** 5.7±1.3**

HbA1c, % 7.6±1.7 5.6±0.6** 5.5±0.2**
HOMA-IR 6.0 (3.7–10.5) 1.4 (0.9–2.1) ** 1.6 (1.1–2.2)**
C-peptide, ng/mL 

Baseline 2.8 (2.4–3.7) 1.8 (1.5–2.2)** 1.8 (1.3-2.3)**
2 h 6.5 (4.2–10.2) 5.1 (3.1–7.7)** 5.5 (3.8–7.0)**

C-reactive protein, mg/L 2.5 (1.4–4.3) 0.3 (0.2–0.6)** 0.5 (0.2–1.0)**
TSH, mIU/L 2.2 (1.3–3.0) 1.6 (1.1–2.5)* 1.8 (1.2–2.4) *
FT3, pmol/L 4.8±0.6 4.3±0.6** 4.4±0.5
FT4, pmol/L 16.2±2.2 15.5±2.3* 15.6±1.9
Leptin, ng/mL 33.7 (17.9–63.1) 10.3 (4.0–18.5)** 10.1 (6.8–18.2)**

Normally distributed data are expressed as means ± SD, nonnormally distributed data are presented as medians (IQR).  
* p < 0.05, ** p < 0.01, vs. baseline # p < 0.05, ## p < 0.0, vs. 12 months after surgery.
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and blood lipid profiles were significantly decreased 12 months after RYGB compared to 
baseline. Meanwhile, thyroid hormones including FT3, FT4, and TSH were decreased in parallel 
after RYGB. Although thyroid hormone levels were within the normal range after RYGB, TSH 
was mildly elevated in the surgery group at baseline compared with the normal control group. 
No significant differences in both FT3 and FT4 levels were found between surgery and control 
groups. The median (IQR) plasma leptin concentrations were significantly decreased 12 
months after RYGB: from 33.7 ng/mL (17.9–63.1) before RYGB to 10.3 ng/mL (4.0–18.5)  
(p < 0.01). As expected, leptin level was significantly elevated in the surgery group at baseline. 
However, 12 months after surgery, leptin level declined and was indistinguishable from the 
control group.

Pearson correlation analysis showed that TSH was significantly and positively correlated 
with BMI, CRP, and leptin (Fig. 1). Multiple stepwise linear regression indicated that leptin 
and CRP were independent factors affecting TSH. The β coefficients were 0.41 (p = 0.001) and 
0.28 (p = 0.007), respectively, after adjusting for age, BMI, and fasting C-peptide (Table 2). 
Finally, we found that ΔTSH was positively correlated with Δleptin (r = 0.33; p = 0.01) (Fig. 2). 
No significant correlation was found between ΔTSH and age (r = –0.16; p = 0.244), ΔBMI (r = 
–0.212; p = 0.111), ΔCRP (r = 0.081; p = 0.570), and ΔHbA1c (r = –0.016; p = 0.908).

Discussion

In the current study focusing on obese T2DM individuals with normal thyroid function, 
we demonstrated that elevated levels of thyroid hormones at baseline were closely asso-
ciated with RYGB-induced weight loss and blood glucose level normalization after surgery for 
12 months. The relationship between thyroid hormone alterations and weight change has 
been investigated in several prospective and observational studies with controversial results. 
Moulin de Moraes et al. [15] found that FT4 remained steady and TSH decreased significantly 
in obese subjects 1 year after RYGB surgery. Comparable results were described by 
Chikunguwo et al. [16] in a 12-month follow-up study which enrolled 86 euthyroid obese 
patients after RYGB or adjustable gastric banding surgery. On the contrary, MacCuish et al. 
[17] reported that weight loss after RYGB was accompanied by a significant increase in serum 
FT4 but no change in TSH in 55 euthyroid individuals with morbid obesity. Vettor et al. [18] 
observed a significant decline in both FT3 and FT4, while TSH remained unchanged in an 
18-month follow-up study which enrolled 10 morbidly obese subjects receiving biliopan-
creatic diversion surgery. In the present study, thyroid hormone levels including FT3, FT4, and 
TSH were all decreased 12 months after RYGB and similar to control levels. A recent systematic 
review reported that decreases in TSH, FT3, and T3 were expected following bariatric surgery, 
as well as nonsignificant changes in T4, FT4, and rT3 levels [19]. These inconsistent results 
might be due to the differences in subject populations, sample sizes, and surgical procedures. 
It is possible that the obese individuals with normal thyroid function involved in our study 

Variable B SE β coefficient p

Leptin 0.02 0.005 0.414 0.001
C-reactive protein 0.13 0.048 0.283 0.007

Adjusted for body mass index, age, and fasting C-peptide. 
Model R2 = 0.365, adjusted R2 = 0.349. 

Table 2. Multiple stepwise 
regression analysis of TSH and 
variables
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had more activation of the HPT axis with higher serum TSH and thyroid hormones. Previ-
ously, it has also been postulated that thyroid function abnormalities in obesity may be caused 
by peripheral thyroid hormone resistance or altered TSH bioactivity, or they may constitute 
an adaptive process aiming to increase resting energy expenditure, known as adaptive ther-
mogenesis [20, 21]. In addition, reasons for the elevated TSH levels among diabetics are still 

Fig. 1. Pearson correlations of 
TSH with leptin, CRP, and BMI. 
Correlations of leptin (A), CRP 
(B), and BMI (C) with TSH.
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uncertain. Previous studies suggested that leptin levels were higher in diabetics [22], which 
might stimulate TSH synthesis via the HPT axis. Therefore, a decline in TSH release and FT3/
FT4 concentrations may contribute to the compensatory reductions in energy expenditure 
and catabolism that typically accompany weight loss and diabetes remission induced by 
RYGB.

Our observations extend previous results indicating that TSH was significantly positively 
correlated with BMI, CRP, and leptin. Furthermore, multiple stepwise linear regression indi-
cated that leptin and CRP were independent factors affecting TSH. Nyrnes et al. [23] found 
normal serum TSH levels were significantly and positively associated with BMI in nonsmokers. 
Furthermore, during a 7-year follow-up period, they found that an increase in TSH level was 
associated with an increase in BMI. Bétry et al. [24] have reported that serum TSH was found 
to be positively correlated with both BMI and leptin in 800 obese subjects. After performing 
multiple regression analysis, TSH and leptin levels maintained an independent association 
with BMI. In addition, subjects in the fourth quartile of TSH distribution displayed signifi-
cantly higher BMI and leptin levels than subjects in the first quartile.

The results on the association between CRP and thyroid function were inconsistent. A 
cross-sectional study did not find any association between CRP and TSH levels in 1,551 
euthyroid subjects and 57 subjects with subclinical hypothyroidism [25]. However, Yu et al. 
[26] demonstrated that TSH was positively associated with CRP in a cohort of 2,494 Taiwanese 
adults, which was in line with our results. A possible explanation is that obesity and T2DM 
are 2 potential mechanisms as well as important contributors that regulate the effect of 
systemic inflammation on thyroid function.

Although the associations between weight loss and the changes in thyroid hormones 
have been found in previous studies, the underlying reasons responsible are not well under-
stood. Our results revealed that serum leptin level declined proportionally to the magnitude 
of TSH, which indicated that leptin might mediate the change in thyroid function after RYGB-
induced weight loss. Thyroid hormones and leptin play essential roles in the regulation of 
body energy balance through similar stimulating effects on energy expenditure. The main 
action of leptin is to modulate the amount of fat, leading to a decrease in appetite and food 
intake. It has also been shown to stimulate centrally the transcription of thyrotropin-releasing 
hormone and TSH in consequence [27]. Ortiga-Carvalho et al. [28] demonstrated that system-
ically administered leptin at an appropriately low dose had an acute stimulatory effect on TSH 

Fig. 2. Pearson correlation analy-
sis of ΔTSH with Δleptin.
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secretion in fed rats. Moreover, Radwanska et al. [29] found that exogenous leptin at doses of 
10–10 to 10–6 mol/L elevated TSH secretion from ovine pituitary cells in vitro, and this 
phenomenon might be mediated by the effect of nitric oxide. Since leptin is an adipocytokine 
that regulates energy homeostasis and body weight, there could be cross talk between adipose 
tissue and the HPT axis. A reduction in leptin following weight loss induced by RYGB would 
lead to decreased TSH secretion.

To our knowledge, our present study is the first to reveal that the normalization of serum 
TSH after RYGB is associated with decreased leptin in euthyroid patients with obesity and 
T2DM. One of the strengths is that our study subjects belong to an Asian population with a 
relatively lower BMI than in the studies previously performed. The second is that the normal 
control group was set up to determine whether leptin and thyroid hormone levels could 
return to normal control levels in the RYGB group after weight loss.

In conclusion, although the exact mechanism leading to a decrease in TSH following RYGB 
remains not well understood, a decrease in leptin after weight loss induced by RYGB may 
partially mediate this effect.
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