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Summary
Obesity is positively associated with serum thyrotropin (TSH) concentrations at the
high end of the normal range. The relationship between weight loss and thyroid
function is less clear and studies to date have yielded inconsistent results. Our aim
was to describe changes in thyroid function in obese people in relation to durable
and significant weight loss after Roux-en-Y gastric bypass (RYGB) surgery. We
recorded percentage of excess weight loss (% EWL), serum TSH and free thyroxine
(fT4) before and median 4.5, 15 and 24 months after RYGB in 55 euthyroid
patients with morbid obesity ranging in age from 18 to 64 years in a retrospective
cohort analysis in a university hospital in Greater Manchester. Mean � standard
error preoperative weight was 135.13 � 4.23 kg and BMI 48.08 � 1.58 kg m-2.
Patients attained nadir %EWL of 68% by median 15 months after RYGB. TSH was
2.00 � 0.14 mU L-1 at baseline and 2.02 � 0.22 mU L-1 at 24 months after RYGB
(non-significant). Baseline fT4 was 13.46 � 0.28 pmol L-1, and increased signifi-
cantly to 15.14 � 0.55 pmol L-1 at 24 months (P < 0.004). In conclusion, we report
that weight loss after RYGB was accompanied by significant increase in serum fT4
but no change in TSH concentrations. Further study to elucidate the effect of
significant weight loss on the thyroid axis is required.
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Introduction

Obesity is one of the major global public health concerns of
our times. Clear associations between thyroid function and
obesity have been observed in the euthyroid general popu-
lation, with serum thyrotropin (TSH) correlated to weight
gain (1,2). In addition, morbid obesity has been associated
with higher TSH concentrations (3,4). The relationship with
free thyroid hormones is less clear. Furthermore, studies into
the effect of weight loss on thyroid function in people with
morbid obesity have yielded inconsistent results (4–9). A
recent study has reported changes in thyroid function asso-
ciated with weight loss induced by gastric banding, a restric-
tive bariatric procedure (10). As malabsorptive bariatric
surgery could have distinctive effects on thyroid metabo-

lism, our aim was to describe changes in thyroid function in
relation to significant weight loss after Roux-en-Y gastric
bypass (RYGB) surgery in obese people with normal thyroid
function.

Patients and methods

We carried out a retrospective, observational cohort analy-
sis of bariatric surgical patients in the setting of a National
Health Service university teaching hospital that serves the
population of Greater Manchester in northwest England
(11). We identified 55 consecutive patients with no prior
history of thyroid disease or treatment with thyroxine who
had undergone RYGB for the correction of morbid obesity
24 months or more prior to the date of sampling. All
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patients post-RYGB were routinely prescribed a multivita-
min and micronutrient supplement that included iodine.
Data recorded included body weight, TSH and free thyrox-
ine (fT4) at baseline and postoperatively at a median 41/2,
15 and 24 months. TSH (reference range, 0.27 mU L-1 to
4.2 mU L-1) and fT4 (12 pmol L-1 to 22 pmol L-1) were
measured by immunoassay on a Roche E170 modular
analyser with inter-batch coefficients of variation for three
quality control samples in each assay <5%; there were no
changes in the reference ranges or assay performance char-
acteristics throughout the period of study. Weight loss out-
comes were reported as percentage of excess weight loss (%
EWL) based on the degree of excess weight above the
reference standard body mass index (BMI) of 25 kg m-2

(12), computed by the formula [Initial weight (kg) -
Current weight (kg)]/[Initial weight (kg) - Ideal weight
(kg)] ¥ 100, where Ideal weight (kg) = 25 ¥ [Height (m)]2.
Permission for the audit was obtained from the Caldicott
Guardian of the hospital.

Statistical analysis

Comparisons between paired measurements were per-
formed by Student’s paired-samples t-test. Comparisons
among groups were done by one-way analysis of variance
followed by Tukey’s multiple comparison test. We used
linear regression to study the relationship between outcome
variables. P < 0.05 was considered statistically significant.
We confirmed significant results by re-analyzing data after
imputing missing values by expectation-maximization
method. We report results based on original, unimputed
data unless specified otherwise. Data were analyzed with
Statistical Package for the Social Sciences 16 (SPSS, SPSS
Inc., Chicago, IL, USA) and Prism 4 (GraphPad Software
Inc., La Jolla, CA, USA).

Results

We studied 55 patients (13 men), ranging in age from 18 to
64 years, with no history of thyroid disease who had under-
gone RYGB. Mean � standard error (SE) age at the time
of RYGB was 46.5 � 1.38 years. Patients had a mean � SE
preoperative weight of 135.13 � 4.23 kg and BMI of
48.08 � 1.58 kg m-2 (Table 1), and achieved significant
weight loss following RYGB (Fig. 1). TSH was 2.00 �

0.14 mU L-1 at baseline and 2.02 � 0.22 mU L-1 at 24
months after bariatric surgery (non-significant). Baseline
fT4 was 13.46 � 0.28 pmol L-1, and increased significantly
to 15.14 � 0.55 pmol L-1 at 24 months following bariatric
surgery (P < 0.004). Change in fT4 was weakly correlated
with change in weight at 24 months (r 2 = 0.023). There
was no significant change in serum albumin with a mean
of 43.4 � 0.4 g L-1 at baseline and 43.3 � 0.7 g L-1 at 24
months.

Discussion

We analyzed TSH and fT4 in euthyroid, morbidly obese
people before and after significant weight loss induced by
RYGB. While there was no significant change in TSH, fT4
concentrations increased steadily up to 2 years of follow-up.
The fT4 immunoassay is unaffected by thyroid-binding
proteins. Furthermore, the stability of serum albumin con-
centrations post-RYGB, as also reported by others previ-
ously (13), suggests that there were no substantial changes
in carrier proteins. Thus, the regulation of thyroid function
is probably a function of changes in body weight and
unlikely to be mediated by nutritional status.

Previous studies have reported improvement in thyroid
hormone levels following gastric bypass surgery in obese
people with subclinical or overt hypothyroidism (6,14).
In obese people with normal thyroid function, Dall’Asta
and colleagues recently reported an increase in fT4 follow-
ing gastric banding with no change in TSH (10). They
also found reduction in free T3 (fT3) and fT3 : fT4 ratio,
and conjectured that these changes were probably due to
decreased activity of iodothyronine deiodinase type 1 (D1)
and type 2 (D2). A recent in vivo study demonstrated that
D2 activity and mRNA are present in human preadipocytes
in both mesenteric and subcutaneous adipose tissue (15),
confirming that human adipose tissue is one of the sites of
fT3 production. This lends further credence to the notion
that the absolute and relative reductions in the amount of
adipose tissue mass, although adipocyte number remains the
same even after significant weight loss and reduced adipo-
cyte volume (16), that occurs with significant weight loss as
seen after gastric bypass surgery results in decreased conver-
sion of fT4 to fT3 with a consequent rise in fT4 concentra-
tions. Although fT3 is not routinely measured in our clinical
practice, the lack of significant change in TSH suggests that
the rise in fT4 was probably secondary to changes in deio-
dinase activity in favour of reduced peripheral conversion to
fT3. It is also plausible that changes in thyroid hormone
concentrations after significant weight loss may be related to

Table 1 Baseline vs 24-month measurements (mean � standard error)
in participants; analysis by t-test

Baseline 24 months P

Weight (kg) 135.1 � 4.2 92.4 � 4.1 <0.001
Body mass index (kg m-2) 48.1 � 1.6 33.9 � 2.2 <0.001
Systolic blood pressure

(mm Hg)
136.4 � 4.8 127.6 � 5.6 0.234

Diastolic blood pressure
(mm Hg)

81.0 � 2.3 76.7 � 2.4 0.204

Thyrotropin (mU L-1) 2.00 � 0.14 2.02 � 0.22 0.961
Free thyroxine (pmol L-1) 13.46 � 0.28 15.14 � 0.55 <0.004
Total cholesterol (mmol L-1) 4.81 � 0.19 4.12 � 0.19 <0.022
Albumin (g L-1) 43.4 � 0.4 43.3 � 0.7 0.904
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alterations in adipokine secretion. For example, leptin has
an important effect on the hypothalamic-pituitary-thyroid
axis (17,18); more relevantly, it influences deiodinase
activity and increases conversion of fT4 to fT3 (19). Leptin
is secreted in proportion to body fat mass and decreases
after RYGB (20); thus, decline in leptin concentrations
with significant weight loss after RYGB may in turn lead to
decreased deiodinase activity and reduced conversion of fT4
to fT3. Although nadir weight loss occurred by median 15
months the fT4 concentrations increased progressively
during the 24 months of follow-up. Serum leptin levels in a
case-control study were reported to be significantly lower in
weight-stable RYGB patients 35 months after surgery com-
pared with BMI-matched controls (21). Thus, it is likely that
the metabolic effects of RYGB on leptin and thereby thyroid
function continue to accrue even after weight loss has pla-
teaued. A longer-term study is needed to ascertain a fuller
natural history of changes in thyroid function after bariatric
surgery.

It is well recognized that certain medications can some-
times cause interference in thyroid function testing. Anti-
hypertensive beta-blockers that only inhibit the peripheral
conversion of T4 to T3, however, interfere minimally with
thyroid function test results (22). While we do not have
data on medication changes in this retrospective study, it is

to be noted that weight loss after RYGB frequently leads to
reduction in doses of antihypertensive medications (23),
thus further limiting the putative effect of these medications
on thyroid function.

In contrast to gastric bypass or banding, it has been
reported that biliopancreatic diversion is associated with an
increased prevalence of subclinical or even frank hypothy-
roidism through several integrated mechanisms including
iodine malabsorption and increased fT3 losses through
changes in the entero-hepatic circulation (24). While we do
not have data on iodine status in our retrospective cohort
study, we anticipate that patients were iodine-replete as
they were routinely prescribed the multivitamin and micro-
nutrient supplement, Forceval® (Alliance Pharma plc.,
Wiltshire, UK) that provides 140 mg of iodine (100%
of reference nutrient intake for adults in the UK (25)). As
iodine sufficiency is associated with a higher incidence of
hypothyroidism and deficiency with hyperthyroidism in
population studies (26,27) iodine supplementation may
have attenuated the increase in fT4 in our study.

In conclusion, we report a significant rise in free thyroxine
concentrations with weight loss following gastric bypass
surgery. Further work is required to elucidate the mecha-
nism and natural history of changes in the hypothalamic-
pituitary-thyroid axis induced by weight loss.

Figure 1 Serial changes in outcome
measures over 24 months following
Roux-en-Y gastric bypass surgery in people
with morbid obesity. Panel A, percentage
of excess weight loss (% EWL). Panel B,
body mass index (BMI) (kg m-2). Panel C,
thyrotropin (TSH) (mU L-1). Panel D, free T4
(pmol L-1). Filled squares, mean values. Error
bars, standard errors.
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