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Abstract
Introduction Bariatric surgery may modulate the hormones and elements which maintain thyroid and calcium homeostasis.
These adaptations in hormonal and elemental aspects have previously been determined via some studies with variations in their
findings. Thyroid volume and 24-h urinary calcium are two parameters which have not been investigated regarding whether they
change during the bariatric postsurgical period. This study planned to examine the changes in calcium metabolism and thyroid
gland functioning after sleeve gastrectomy (SG) and Roux-en-Y gastric bypass (RYGB).
Materials and Methods Seventy-three morbidly obese patients with planned bariatric surgery were enrolled in the study. Before
and 12 months after the operation, parathormone (PTH), 25-OH-vitamin D3(25vitD3), TSH, free triiodothyronine (fT3), free
thyroxine (fT4), calcium (Ca), 24-h urinary Ca and ultrasonography-guided thyroid volume were measured.
Results In the beginning, 73 patients were examined and 12 months after surgery out of 25 patients continuing follow-up, 20
(80%) had undergone sleeve gastrectomy (SG) while five (20%) had undergone Roux-en-Y gastric bypass (RYGB).
Accompanied by significant BMI decrease, 24-h urinary Ca and thyroid volume did not significantly increase in RYGB, SG,
and the whole group after 12 months. The SG group showed a significant drop in TSH (p 0.03) level, while the RYGB group
showed significant decreases in fT4 (p 0.00) and fT3 (p 0.00); and significant fT3 decrease (p 0.01) was recorded for the whole
group.
Conclusion Bariatric surgery may modify Ca homeostasis and thyroid gland functional status. We documented that these were
not statistically significant increases in 24-h urinary Ca level and thyroid volume after 1 year. Further studies are needed to
understand the issue, enrolling more patients who underwent the same bariatric procedure and after accounting for the inhibition
of supplementary vitamin and mineral effects.
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Introduction

Bariatric surgery causes great alterations in homeostatic mech-
anisms including glucose and lipid homeostasis and it alters

the hormonal regulatory system. This hormonal modulation
extends along a wide spectrum from the change in levels and
also in functions of gastrointestinal peptides to the effect on
insulin and on other hormones which regulate nutrient metab-
olism. The hormones maintaining thyroid and calcium ho-
meostasis are also affected [1–4]. There may be adaptations
in thyrotropin (TSH) and thyroid hormone levels and these
effects vary among studies. In fact, TSH almost invariably
was reported to decrease [5], while free triiodothyronine
(fT3) was frequently shown to decrease [5–7] with some var-
iations in modification of free thyroxine (fT4) levels. The
thyroid volume also changes following the postsurgical period
which has not been explored before. After focusing on calci-
um level alteration, variations are mentioned, implicated in
stable levels [8, 9] or decreased levels even to hypocalcemic
values in some patients [4]. Secondary hyperparathyroidism
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due to bariatric surgery is a common clinical presentation
associated with decreased absorption of nutrients, minerals,
and vitamin D after gastrointestinal lumenal loss. Despite rou-
tine postsurgical vitamin and mineral replacement, bone ar-
chitecture in obese individuals is still negatively affected. The
other issue is urinary excretion of oxalate, and frequency of
kidney stones were constantly reported to increase after bar-
iatric surgery [10, 11] which would evoke another question
askingwhat happens to calcium in urine. Thereafter, we aimed
to identify the alterations in calcium metabolism and thyroid
function after bariatric surgery, modeling previous articles.
The thyroid volume and 24-h urinary calcium (24-h Ca) are
two other parameters we investigated which have not been
examined in the literature so far.

Materials and methods

This prospective study was designed to examine some pa-
rameters related to calcium and thyroid metabolism in 73
morbidly obese patients who had planned bariatric surgery.
The study was approved by Ankara Numune Education and
Research Hospital Ethical Committee and was performed in
accordance with the ethical standards in the Declaration of
Helsinki. All participants provided written informed con-
sent. Before the operation, all the subjects’ data were re-
corded including their body weight (kg), body mass index
(BMI), insulin, and levothyroxine (LT4) usage status with
their dosage. The patients’ hormonal [parathormone (PTH),
25-OH-vitamin D (25vitD3), TSH, fT3, fT4] and biochem-
ical tests [calcium (Ca), ionized Ca (iCa), phosphorus
(Phos), 24-h(h) urinary Ca] were measured in each patient
before and after the study. TSH, fT3, and fT4were measured
by using an electrochemiluminescent immunoassay
(ECLIA) with a Beckman Coulter immunoassay analyzer
(USA) while Ca and Phos were analyzed photometrically
in a Roche P800 autoanalyzer (Roche Diagnostics, Ankara,
Turkey). PTH and 25vitD3 values were measured by elec-
troluminescence with a Roche Cobas e-601 (Roche, USA).
Twenty-four-hour urinary Ca was measured by an auto-
analyzer (Abbot t -Archi tec t C4000, Santa Clara ,
California, USA). Thyroid gland ultrasonography (USG)
examination was performed by the same practitioner using
a Logic 3 system (GE Medical Systems, Milwaukee, WI)
with an 11-MHz transducer and the diameters of each lobe
are given as a × b × c (cm). The volume of each lobe was
calculated with the formula: a × b × c × 0.524 (cm3), and
total thyroid volume was the sum of right and left lobe vol-
ume. In this study, two types of bariatric surgery were per-
formed; Roux-en-Y gastric bypass (RYGB) or sleeve gas-
trectomy (SG). After operation, the patients were free to
consume supplementary drugs such as calcium (500 mg/
day) and vitamin D (800 IU/day)- if the surgeon

recommended. All the measurements (anthropometric vari-
ables, drug consumption data, laboratory tests, and thyroid
USG) were repeated 12 months after surgery.

Statistics

Continuous data are presented as mean ± standard error of the
mean (SEM) and categorical data are given as counts and
percentages. Statistical analysis was performed using SPSS
for Windows [version 21.0; SPSS/IBM, Chicago, IL].
Descriptive statistics and paired samples were used when suit-
able. The statistical significance level was accepted as a p
value of less than 0.05.

Results

Sixty-two patients (85.0%) underwent SG, while eleven pa-
tients underwent RYGB (15.0%). The mean age of patients
was 41.5 ± 9.6 years. Fifty-nine (80.8%) subjects were female
and 14 (18.2%) were male. Twelve months after surgery, out
of 25 patients continuing their follow-up examinations, 23
(92%) were female while two patients (8%) were male.
Twenty (80%) of these patients underwent SG while five
(20%) underwent RYGB.

In the SG group, mean body weight changed from 115.6 ±
3.6 to 83.9 ± 3.3 kg (p 0.00). BMI decreased from 46.1 ± 1.2
to 33.6 ± 1.2 kg/m2 (p 0.00). A significant drop in TSH level
(from 2.7 ± 0.4 to 1.9 ± 0.3 μIU/mL) was demonstrated (p
0.03) (Table 1).

However, fT3 and fT4 decreased without significance
while 25vitD3, PTH, Ca, 24-h urinary Ca, and thyroid volume
increased without significance following the SG procedure
(p > 0.05) .

In the RYGB group, mean body weight changed from
151.2 ± 13.1 to 95.2 ± 12.0 kg (p 0.00), with BMI reducing
from 58.9 ± 3.6 to 37.3 ± 4.6 kg/m2 (p 0.00) significantly.
These were accompanied by significant decreases in fT4
[from 1.1 ± 0.1 to 0.8 ± 0.0 ng/dL (p 0.00)] and fT3 [from
3.2 ± 0.1 to 2.6 ± 0.1 pg/ml (p 0.00)] (Table 1).

TSH, 25vitD3, PTH, 24-h urinary Ca and thyroid volume
did not show a significant increase, while Ca level decreased.

After both groupswere analyzed together, only fT3 showed
a prominent decrease (from 3.1 ± 0.1 to 2.7 ± 0.1 kg, p 0.01)
after the operation. TSH and fT4 decreased while 25vitD3,
PTH, Ca, Phos, 24-h urinary Ca, and thyroid volume in-
creased without significance (Table 1).

Before the operation, one patient (4%) was hypocalcemic
(Ca 8.6 mg/dl), one patient (4%) was hypophosphatemic
(Phos 1.9 mg/dl), 22 patients (88%) had vitamin D deficiency
(< 20 ng/ml), 24 patients (96%) had reduced vitamin D levels
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(< 30 ng/ml), and nine patients (36%) suffered from secondary
hyperparathyroidism.

Twelve months after the operation, one patient (4%) had
hypocalcemia (Ca 8.5 mg/dl), no patient (0%) had
hypophosphatemia, 17 patients (68%)were vitamin D deficient
(< 20 ng/ml), 24 patients (96%) had reduced vitamin D levels
and ten patients (40%) had secondary hyperparathyroidism.

Levothyroxine was required in nine patients and insulin
was required in two patients in the SG group. Mean
levothyroxine dosage decreased from 113.9 ± 37.9 to 107.2
± 26.2 mcg/day (p > 0.05), and the insulin requirement re-
duced from 101.0 ± 15.0 to 18.0 ± 6.0 units in the SG group
after operation. For patients who underwent RYGB, there was
only one patient who previously used 200 mcg of
levothyroxine and used 150 mcg after operation, whereas
there was no insulin requirement for any patient in that group.

Discussion

BBariatric^ meaning Bdealing with obesity^ comprises a huge
collection of therapeutic interventions which combat obesity,
starting from behavioral managements such as increased phys-
ical activity, various dietary programs, and acupuncture and
extending to medical treatment and surgery. After comparison
of all these treatments, only bariatric surgical approaches have
successfully achieved substantial and durable weight loss [12].
Practically, there are twomain types of bariatric surgery accord-
ing to mode of food blockage: restrictive (blocking the transit
of food) and malabsorptive (preventing the absorption of food)
procedures [12]. SG (sleeve gastrectomy) and RYGB (Roux-
en-Y gastric bypass) are the most commonly performed

techniques worldwide. While we discriminate these two proce-
dures according to their type, SG is claimed to be mainly re-
strictive while RYGB is seen as malabsorptive. However, it is
logical to consider these procedures; both have malabsorptive
and restrictive effects, although in different proportions, rather
than categorizing them as being only one type.

SG involves laparoscopic removal of approximately 75%
of the stomach, causing a considerable calorie restriction ef-
fect [13] and was first described as a modification of the
biliopancreatic diversion-duodenal switch (BPD-DS). The ad-
vantages of this approach are summarized as the lack of an
intestinal bypass avoiding gastrointestinal anastomoses and
internal hernias and provision of a shorter operating time with
no implantation of a foreign body [14].

The RYGB procedure involves the creation of a small gas-
tric pouch and bypass of the entire duodenum and the proxi-
mal jejunum [15]. It does successfully lead to long-term
weight loss over 2 years and maintenance of this condition
in 20–30% of patients. Besides, it manages the improvement
or remission of multiple comorbidities related with obesity
such as hypertension, type 2 diabetes mellitus, obstructive
sleep apnea, and musculoskeletal pain [16].

As the very end and most appreciable result, RYGB and
LSG both provide a mortality reduction in obese patients [17].

According to the literature, females generally undergo bar-
iatric surgical procedures more frequently [18]. This inequity
of gender towards females was a little more prominent in our
study than the estimated 80% female proportion reported in
the literature. We assume it indicates our male morbidly obese
patients are less informed and are more ignorant about the
medical and cosmetic problems their obesity may cause.
Similarly, it may emphasize our female patients would be

Table 1 The anthropometric, hormonal and biochemical values before and 12 month after bariatric operation (SG and RYGB)

SG RYGB Both procedures

Before the
operation

12 months after
the operation

p
value

Before the
operation

12 months after
the operation

p
value

Before the
operation

12 months after
the operation

p
value

Body weight (kg) 115.6 ± 3.6 83.9 ± 3.3 0.00 151.2 ± 13.0 95.2 ± 12.0 0.00 120.4 ± 4.1 85.5 ± 3.3 0.00

BMI (kg/m2) 46.1 ± 1.2 33.6 ± 1.2 0.00 58.9 ± 3.6 37.3 ± 4.6 0.00 47.9 ± 1.4 34.1 ± 1.2 0.00

TSH (μIU/mL) 2.7 ± 0.4 1.9 ± 0.3 0.03 2.9 ± 1.3 4.0 ± 2.3 0.40 2.7 ± 0.4 2.2 ± 0.4 0.19

fT4 (ng/dL) 1.2 ± 0.0 1.1 ± 0.1 0.46 1.1 ± 0.1 0.8 ± 0.0 0.00 1.2 ± 0.0 1.1 ± 0.1 0.22

fT3 (pg/mL) 3.1 ± 0.1 2.8 ± 0.1 0.06 3.2 ± 0.1 2.6 ± 0.1 0.00 3.1 ± 0.1 2.7 ± 0.1 0.01

PTH (pg/ml) 52.8 ± 6.1 56.7 ± 6.3 0.42 95.2 ± 10.7 110.7 ± 25.9 0.58 58.9 ± 6.3 64.4 ± 7.5 0.29

25vitD3 (ng/ml) 12.1 ± 1.8 16.3 ± 1.3 0.06 10.3 ± 1.8 16.9 ± 1.7 0.08 14.4 ± 2.2 15.7 ± 1.8 0.57

Ca (mg/dl) 9.2 ± 0.3 9.5 ± 0.6 0.24 9.3 ± 0.3 8.9 ± 0.2 0.39 9.2 ± 0.1 9.4 ± 0.1 0.44

Phos (mg/dl) 3.6 ± 0.1 3.7 ± 0.1 0.37 3.6 ± 0.1 4.0 ± 0.3 0.09 3.6 ± 0.1 3.8 ± 0.1 0.13

24-h urinary Ca (mg) 95.9 ± 21.1 159.4 ± 38.6 0.24 49.6 90.0 0.76 86.8 ± 16.8 146.0 ± 31.2 0.42

Thyroid volume
(cm3)

9.2 ± 1.5 9.5 ± 1.6 0.72 11.2 ± 2.0 11.4 ± 2.2 0.75 9.6 ± 1.4 9.9 ± 1.4 0.69

Levothyroxine
dosage (mcg/day)

113.9 ± 37.9 107.2 ± 26.2 0.70 200 150 0.94 120.8 ± 34.5 111.3 ± 38.5 0.83
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more alert about medical concerns related to obesity and are
more aware of their cosmetic needs.

Benefits after surgery occur by different pathophysiologi-
cal mechanisms sometimes unrelated to weight loss such as
increased gastric emptying and intestinal transit and activation
of hormonal mechanisms such as increased GLP-1 hormone
[19] and decreased ghrelin [20]. Therefore, bariatric surgery
does not merely manipulate the weight of the obese patients
but also induces significant rehabilitation of the deteriorated
glucose and lipid homeostasis in their body. It increases beta
cell responsivity and inhibits insulin resistance in peripheral
tissues [21]. Diabetic patients on insulin treatment were con-
sistently shown to experience complete remission after bariat-
ric surgery in high percentages [21, 22]. Besides, a dramatic
loss of fatty tissue, bariatric surgery converts the distribution
of fat from visceral to the subcutaneous compartment favoring
metabolic improvement. The sensitivity to lipolysis which is
controlled by insulin and catecholamines is improved [23].

Body weight is positively associated with serum thyro-
tropin (TSH) concentrations more strongly in obese than in
healthy individuals [24]. The development of obesity
seems to activate the hypothalamic pituitary thyroid axis
in a way which resembles the changes that occur in prima-
ry thyroid disease [25], and this could describe the in-
creased TSH in obese populations. Sometimes obese pa-
tients are found to have TSH at the high end of the normal
range [26], while fT4 and fT3 show variation when de-
creasing [24] or not. Weight loss might affect thyroid hor-
monal regulation, result in a decrease of T3 described with
the decreased peripheral conversion, or so-called activation
of T4 [2]. SG and RYGB, two examples of surgical routes
aiming at weight loss, in our study, together decreased
TSH insignificantly (p 0.19) and fT3 significantly (p
0.01). After separate examination of bariatric procedures,
a significant decrease in TSH (p 0.03) and an insignificant
decrease in fT3 (p 0.06) in the SG group were found. While
in the RYGB group, TSH increase and significant decrease
in fT3 (p 0.00) and fT4 (p 0.00) were determined. TSH
increase in the RYGB group can be explained by the de-
crease in thyroid gland hormones in that group. TSH de-
crease and insignificant fT3 decrease in the SG group
might be explained by the reorganized pituitary thyroid
axis after weight loss. fT3 decrease in the whole group
would be reactive, and the human body may respond to
less body mass by inhibiting the more active component
of thyroid hormones. Considering previous studies, mis-
cellaneous examples arrived at a consensus about TSH
decrease when the alteration in fT4 and fT3 showed some
variation. TSH decrease and stable fT4 levels were deter-
mined 6–12 months after SG [1, 27]; fT3 was also found to
be steady [27]. One study determined TSH remained un-
changed when fT4 significantly increased after RYGB
[26]. RYGB was also shown to cause TSH and fT4

decrease in euthyroid obese T2DM patients while duration
of diabetes was the factor independently contributing to the
decrease in fT4 levels [28] . TSH decrease was
redocumented in a meta-analysis comprising 24 articles
on the issue of thyroid homeostatic reorganization after
bariatric surgery. This decrease was also found valid for
fT3 and T3 while fT4 and T4 stayed at sustained levels
[29]. TSH again decreased 12 months after RYGB in an-
other article, with decrease associated with excess body
weight loss (EBWL), baseline BMI, and baseline fT3.
The patients with higher TSH levels and with higher BMI
at the start manifested a greater TSH decrease [30]. A TSH
decrease after 12 months of SG was not found to be asso-
ciated with EBWL [27], or the decrease 6 months after SG
was found not to be associated with the change in BMI
[31]. However, for some authors, this TSH decrease after
bariatric surgery (BS) was related with baseline TSH [32].

The TSH decrease following bariatric surgery could be
visualized better when all hypothyroid patients undergoing
either RYGB and SG [32] or only SG [33] maintained com-
plete or partial resolution of hypothyroid state in 6–12 months
after surgery. In another article, subclinical hypothyroidism
(SH) completely resolved in 87% of RYGB patients after
1 year of surgery. TSH decrease this time was associated with
the decrease in BMI [34]. Resolution and improvement of
hypothyroidism after RYGB in about 35% of hypothyroid
patients was also documented [35]. The reversal of leptin re-
sistance by surgical intervention was a probable factor in this
resolution of hypothyroidism. The patients who remained hy-
pothyroid after the surgery were suspected to possess autoim-
mune antibodies which are not affected substantially by the
procedure [36].

Upon discussion about the condition of hypothyroidism
after surgery, the alteration of thyroid hormonal replace-
ment dosage after the surgery should absolutely be under
consideration for formerly hypothyroid subjects. There is
some debate about this in the literature; however, the de-
crease of the levothyroxine (LT4) requirements in associ-
ation with reduction of lean body mass [37] is the most
accepted result. LT4 absorption is negatively impacted
after bariatric surgery and it does not explain the decrease
in LT4 requirement. However, this assumption was inves-
tigated, and LT4 absorption was found not to decrease
after RYGB but it was delayed significantly [38]. In an-
other study, RYGB was shown to not affect absorption;
however, SG was shown to replenish pharmacokinetic pa-
rameters of LT4 absorption [39]. In our study, we found
almost no difference in LT4 dosage after SG, which was
probably associated with both the improved pharmacoki-
netic parameters and susceptibly decreased absorption of
LT4 after SG.

Iodine status clearly has an impact on thyroid hormonal
secretion based on the fact that iodine is the essential element
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for production of thyroid hormones. The amount of iodine in
the body was documented to decline after 10 years following
gastric bypass. However, it did not induce a requirement for
dietary supplementation with iodine in those patients [40].
Meanwhile, after 6 months of follow-up, gastrointestinal io-
dine absorption was also stated to remain steady after
malabsorptive bariatric surgery including SG, RYGB, and a
variant of biliopancreatic diversion [41]. Hence, these studies
suggest iodine status does not seem to affect thyroid homeo-
stasis after bariatric procedures.

TSH increases in obese individuals may have an impact on
thyroid volume. Women who were mildly obese were found
to have higher thyroid volume than non-obese women, and
volume was discovered to diminish significantly after even
10% weight loss, accompanied by a TSH decrease in obese
women [42]. The finding of larger thyroid size was associated
with increased TSH and decreased fT4 levels among the obese
population [43], emphasizing the TSH level-thyroid size as-
sociation. Hence decreased thyroid volume developing after
weight loss would be explained by the effect of lowered TSH.
However, our study showed an insignificant TSH decrease
accompanied by an insignificant increase in thyroid volume
in the whole group. In the SG group, there was a significant
decrease in TSH and an insignificant increase in thyroid vol-
ume. TSH changed negatively compared to thyroid size. The
surprising condition of increase in size could be explained by
the short period of 1-year follow-up which might not allow the
thyroid gland to reorganize its structure according to the de-
creased bodymass and to the decreased TSH. In the following
years, a decrease in volume of the gland may be observed due
to accustomization to the TSH level decrease.

Although obesity is associated with increased bonemineral
density, excess weight due to adiposity is believed to be det-
rimental to bone health and may elevate fracture risk [44].
Bone quality is affected, which leads to higher—than—ex-
pected fracture risk for a given BMD in the obese population.
In obese subjects, higher levels of serum parathyroid hormone
(PTH) [8, 44] and lower 25 hydroxy vitamin D (25OHD) are
documented, both of which have specific actions on bone [8,
44, 45]. Regarding the surgery’s other beneficial effects on the
human body, conflicting with the prediction of rehabilitative
effect of bariatric surgery on bone health, bariatric
procedures—especially malabsorptive types—were stated to
have detrimental effect on bone metabolism [17].
Nevertheless, these data are not accepted on a general basis,
and when the components of bone health are separately inves-
tigated, different results were obtained. These were mostly in
agreement with the expectation of the reversal of the manifes-
tations of obesity after the surgery.

Nutritional changes after RYGB and SG, including vitamin
D and Ca, are dramatic. Twenty-four months after RYGB,
98% of patients need to be prescribed specific supplements
such as vitamin B12, iron, and calcium+ vitamin D [46].

While a Ca level decrease would be expected due to the
malabsorption of Ca through the gastrointestinal lumen, Ca
level alteration after bariatric surgery in fact shows some var-
iation considering articles which reported no change after the
operation [8, 9]. For RYGB, the bypassed duodenum and
proximal jejunum are usually the predominant sites of active,
transcellular, 1,25(OH)2D-mediated Ca uptake. In fact, Ca
absorption occurs throughout the intestine and those who have
undergone RYGB might maintain sufficient Ca absorption
[15]. However, true fractional calcium absorption (TFCA) de-
creases after RYGB, and all patients show dramatic increase in
markers of bone resorption [47]. In fact, merely caloric restric-
tion reduces Ca absorption efficiency [44]. One of the conse-
quences stemming from this condition is post thyroidectomy
hypocalcemia decreasing to extremely low levels for patients
who previously underwent RYGB [48]. The prevalence of
hypocalcemia was noted to be 1.9% after RYGB, with an
unexpectedly higher prevalence of 9.3% for hypocalcemia
after SG [4]. Due to our observations, we defined a slight
insignificant increase in Ca levels in the SG and whole group
with an insignificant decrease in RYGB group. The increase in
SG and total group could have been established by the calci-
um and vitamin D supplements, while despite these, the de-
crease could not be diminished in the RYGB group which
may be associated with its more malabsorptive nature.

Obese individuals are at increased risk for vitamin D defi-
ciency. The reason behind this could be sunbathing less [49]
or less out-door exercise among the obese [50]. The other
more accepted explanation might be the extra storage of
vitD3 in fatty tissues. Weight loss would increase 25OHD
due to its release from adipose tissue by losing fatty tissue
[44, 51] or it was shown not to change [47, 52] or even de-
crease [9, 53]. The last mode of change is produced by caloric
restriction (CR) which causes decreased intake of vitamins or
is produced by malabsorption when weight loss occurs after
bariatric surgery [54]. In our observations, 25OHvitD3 did
exhibit a small but insignificant increase after the operation.
When the procedures were separately examined, 25OHvitD3
increased after SG and RYGB (p 0.06 and p 0.08, respective-
ly). Nevertheless, vitamin D supplementation did not achieve
optimal 25OHvitD3 levels but fortunately it attenuated the
drop in vitamin D.

It is known that RYGB can cause vitamin D malab-
sorption, resulting in a high incidence of postoperative
vitamin D deficiency and even osteomalacia in the most
severe cases [15]. Besides this, vitamin D deficiency is
the most common long-term nutritional deficiency follow-
ing SG [55]. Hence, bariatric osteomalacia is a unique and
increasingly common phenomenon in bariatric surgery pa-
tients that can have a subtle clinical presentation but po-
tentially devastating consequences [56]. Therefore, high-
dose vitD3 supplementation is accepted as vital after bar-
iatric surgery [53]. Meanwhile, it is equally unknown if
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improving vitamin D status before and/or after bariatric
surgery can affect health-related outcomes in the obese
population beyond the traditional roles of vitamin D
[45]. As such, in our article, even supplementation with
vitamin D does not guarantee an increase in 25OHvitD. In
many studies, prevalence of vitamin D deficiency (VDD)
(< 20 ng/ml) is between 13 and 90% among preoperative
patients, and vitamin D insufficiency (VDI) (< 30 ng/ml)
reaching up to 98% before the operation remained at sim-
ilar levels postoperatively [57] despite vitamin D con-
sumption. It reflects the insufficient vitamin D supple-
mentation before and after bariatric surgery, with no con-
sensus about proper dosage yet.

Leptin and PTH are believed to act on the pathways
between adipose tissue and parathyroid gland causing a
bone adaptation to obesity [58] with increased PTH
levels. Increased PTH in severely obese subjects declines
with dramatic weight loss, sometimes independent of
25OHvitD status. However, persistently elevated PTH
levels are commonly described after bariatric surgery
[47]. We showed PTH increases after bariatric surgery in
the RYGB, SG, and the total group, and it was accompa-
nied by lower Ca and unreplenished vitamin D3 levels in
SG and total group, insignificantly. One other observation
stated that secondary hyperparathyroidism was reversed
by weight loss after RYGB coupled with increase in
calcidiol; however, this pre-existing state of secondary
hyperparathyroidism and vitamin D deficiency could not
be corrected completely [8]. Progressive increases in PTH
instead of decreases, as such in our study, were also ob-
served after RYGB, probably depending on accompany-
ing continuation of decrease in 25OH vitamin D [9].
Another explanation for the increased PTH levels is that
decreased Ca absorption can be compensated by high-
serum PTH levels that develop in response to the decrease
in Ca absorption [44]. Low 25OHvitD3 levels which
could not be replenished precisely may also cause further
elevation of PTH. PTH was reported to increase after bar-
iatric surgery [59, 60] gradually with a prevalence of
17%, 3 years after SG [60] which further increases after
5 years [61, 62] despite most patients being supplemented
with Ca and vitamin D [61].

The urinary Ca excretion after bariatric procedures is
another topic for consideration which has not been
discussed yet. In fact, an increase in kidney stone for-
mation is a well-known outcome of the bariatric surgery
[10, 11], and based on this, it is logical to expect higher
urinary Ca excretion after bariatric surgery. We found an
insignificant rise in 24-h urinary calcium measurements
after the surgery in all groups. This rise might be pro-
duced by the permitted Ca supplementation and the per-
manent deficiency of vitamin D in spite of replacement
attempts.

There are some limitations of our study. Firstly, the number
of patients able to be reached after 1 year was low, and it might
have prevented us from collecting sufficient data to generalize
our study’s findings to all bariatric surgery patients and to reach
statistical significance. Patient numbers in RYGB and SG
groups were different when they are compared at the start of
the study and after the follow-up period, which would be inap-
propriate for the evaluation of differences between these two
surgical techniques. Additionally, the permitted consumption of
vitD3 and Ca preparations after the operation might inhibit the
interpretation of variations in Cametabolism following bariatric
surgery, properly. However, most studies accept vitamin D sup-
plementation before and/or after the procedure. Moreover, the
level of prealbumin (transthyretin), the protein which reflects
nutritional status and also is a transporter for thyroid hormones,
could be studied to demonstrate if there is a relationship be-
tween the nutritional status and thyroid hormone levels or be-
tween prealbumin levels and thyroid hormone levels. Lastly, the
number of patients who use insulin and/or LT4 was too low to
determine the changes in dosages of these drugs after follow-up
of bariatric surgery. Hence, we recommend that there should be
new studies about bariatric surgery examining thyroid volume,
and 24-h urinary Ca, involving larger numbers of patients who
underwent the same type of bariatric procedures and, if possi-
ble, under no effect from supplements.

Conclusion

Bariatric surgery leads to some differences in Ca and thyroid
metabolismwhich have been previously investigated and con-
flicting results were reported. This variability may be due to
the retrospective design of the studies, comparison of different
types of surgical procedures, and differences in vitamin and
mineral supplement use among bariatric surgery patients.
Despite these differences, the TSH almost invariably de-
creases with a decrease in fT3 levels in most studies. A de-
crease in fT4 is also seen in patients who undergo RYGB. In
1 year after the surgery, thyroid volume would increase. Ca
and 25OHvitD3 levels would rise most probably depending
on their supplementation. However, VitD cannot be optimally
replaced after bariatric surgeries which necessitate a satisfac-
tory vitD replacement schedule for those patients who under-
go bariatric surgery. Although in the literature, LT4 dosage
usually decreases, we could not find a significant decrease in
dosage after the operation. The increased 24-h urinary Ca
level, although insignificant, could be the result of both Ca
supplements and lack of optimal vitD replacement.

Compliance with Ethical Standards

Conflict of Interest The authors declare that they have no conflict of
interest.

710 OBES SURG (2019) 29:705–712



References

1. Abu-GhanemY, , Inbar R, Tyomkin V, Kent I, Berkovich L, Ghinea
R, Avital S.; Effect of sleeve gastrectomy on thyroid hormone
levels. Obes Surg 2015;25(3):452–456.

2. Agnihothri RV, Courville AB, Linderman JD, et al. Moderate
weight loss is sufficient to affect thyroid hormone homeostasis
and inhibit its peripheral conversion. Thyroid. 2014;24(1):19–26.

3. Rojas-Marcos PM, Rubio MA, Kreskshi WI, et al. Severe hypocal-
cemia following total thyroidectomy after biliopancreatic diversion.
Obes Surg. 2005;15(3):431–4.

4. Shah M, Sharma A, Wermers RA, et al. Hypocalcemia after bariat-
ric surgery: prevalence and associated risk factors. Obes Surg.
2017;27(11):2905–11.

5. Nannipieri M, Cecchetti F, Anselmino M, et al. Expression of thy-
rotropin and thyroid hormone receptors in adipose tissue of patients
with morbid obesity and/or type 2 diabetes: effects of weight loss.
Int J Obes. 2009;33(9):1001–6.

6. Dall'Asta C, , Paganelli M, Morabito A, Vedani P, Barbieri M,
Paolisso G, Folli F, Pontiroli AE; Weight loss through gastric
banding: effects on TSH and thyroid hormones in obese subjects
with normal thyroid function. Obesity (Silver Spring) 2010;18(4):
854–857.

7. Lips MA, van Klinken JB, de Groot GH, et al. Roux-en-Y gastric
bypass and calorie restriction induce comparable time-dependent
effects on thyroid hormone function tests in obese female subjects.
Eur J Endocrinol. 2013;169(3):339–47.

8. Sánchez-Hernández J, Ybarra J, Gich I, et al. Effects of bariatric
surgery on vitamin D status and secondary hyperparathyroidism: a
prospective study. Obes Surg. 2005;15(10):1389–95.

9. El-Kadre LJ, Rocha PR, de Almeida Tinoco AC, et al. Calcium
metabolism in pre- and postmenopausal morbidly obese women
at baseline and after laparoscopic Roux-en-Y gastric bypass. Obes
Surg. 2004;14(8):1062–6.

10. Lieske JC, Mehta RA, Milliner DS, et al. Kidney stones are com-
mon after bariatric surgery. Kidney Int. 2015;87(4):839–45.

11. Canales BK, Hatch M. Kıdney stone incıdence and metabolıc
urınary changes after modern barıatrıc surgery: revıew of clınıcal
studıes, experımental models, and preventıon strategıes. Surg Obes
Relat Dis. 2014;10(4):734–42.

12. O’Brien PE. Bariatric surgery: mechanisms, indications and out-
comes. J Gastroenterol Hepatol. 2010;25(8):1358–65.

13. Shabbir A, Dargan D. The success of sleeve gastrectomy in the
management of metabolic syndrome and obesity. J Biomed Res.
2015;29(2):93–7.

14. Eisenberg D, Bellatorre A, Bellatorre N. Sleeve gastrectomy as a
stand-alone bariatric operation for severe, morbid, and super obesi-
ty. JSLS. 2013;17(1):63–7.

15. Schafer AL, Weaver CM, Black DM, et al. Intestinal calcium ab-
sorption decreases dramatically after gastric bypass surgery despite
optimization of vitamin D status. J Bone Miner Res. 2015;30(8):
1377–85.

16. AbdeenG, le RouxCW.Mechanism underlying the weight loss and
complications of Roux-en-Y gastric bypass. Obes Surg. 2016;26:
410–21.

17. Yu EW. Bone metabolism after bariatric surgery. J BoneMiner Res.
2014;29(7):1507–18.

18. Fuchs HF, Broderick RC, Harnsberger CR, et al. Benefits of bariat-
ric surgery do not reach obese men. J Laparoendosc Adv Surg Tech
A. 2015;25(3):196–201.

19. Jirapinyo P, Jin DX, Qazi T, et al. A meta-analysis of GLP-1 after
Roux-En-Y gastric bypass: impact of surgical technique and mea-
surement strategy. Obes Surg. 2017;28(3):615–26.

20. Benaiges D, Más-Lorenzo A, Goday A, et al. Laparoscopic sleeve
gastrectomy: More than a restrictive bariatric surgery procedure.
World J Gastroenterol. 2015;21(41):11804–14.

21. Ferrannini E, Mingrone G. Impact of different bariatric surgical
procedures on insulin action and β-cell function in type 2 diabetes.
Diabetes Care. 2009;32(3):514–20.

22. Lemus R, Karni D, HongD, et al. The impact of bariatric surgery on
insulin-treated type 2 diabetes patients. Surg Endosc. 2018;32(2):
990–1001.

23. Frikke-Schmidt H, O’Rourke RW, Lumeng CN, et al. Does bariat-
ric surgery improve adipose tissue function? Obes Rev. 2016;17(9):
795–809.

24. Rotondi M, Leporati P, Rizza MI, et al. Raised serum TSH in
morbid-obese and non-obese patients: effect on the circulating lipid
profile. Endocrine. 2014;45(1):92–7.

25. Laurberg P, Knudsen N, Andersen S, et al. Thyroid function and
obesity. Eur Thyroid J. 2012;1(3):159–67.

26. MacCuish A, Razvi S, Syed AA. Effect of weight loss after gastric
bypass surgery on thyroid function in euthyroid people with morbid
obesity. Clin Obes. 2012;2(1–2):25–8.

27. Yang J, Gao Z, Yang W, et al. Effect of sleeve gastrectomy on
thyroid function in Chinese euthyroid obese patients. Surg
Laparosc Endosc Percutan Tech. 2017;27(4):e66–8.

28. Liu F, Di J, Yu H, et al. Effect of Roux En Y gastric bypass on
thyroid function İn euthyroid patients with obesity and type 2 dia-
betes. Surg Obes Relat Dis. 2017;13(10):1701–7.

29. Guan B, Chen Y, Yang J, et al. Effect of bariatric surgery on thyroid
function in obese patients: a systematic review and meta-analysis.
Obes Surg. 2017;27(12):3292–305.

30. Neves JS, Castro Oliveira S, Souteiro P, et al. AMTCO group; effect
of weight loss after bariatric surgery on thyroid-stimulating hor-
mone levels in patients with morbid obesity and normal thyroid
function. Obes Surg. 2018;28(1):97–103.

31. Ozsoy Z, Kutluturk F. Effect of laparoscopic sleeve gastrectomy on
thyroid hormones in euthyroid obese patients. Endocr Metab
Immune Disord Drug Targets. 2018;18(4):407–11.

32. Zendel A, Abu-Ghanem Y, Dux J, et al. The impact of bariatric
surgery on thyroid function and medication use in patients with
hypothyroidism. Obes Surg. 2017;27(8):2000–4.

33. Chikunguwo S, Brethauer S, Nirujogi V, et al. Influence of obesity
and surgical weight loss on thyroid hormone levels. Surg Obes
Relat Dis. 2007;3(6):631–5.

34. Janssen IM, Homan J, Schijns W, et al. Subclinical hypothyroidism
and its relation to obesity in patients before and after Roux-en-Y
gastric bypass. Surg Obes Relat Dis. 2015;11(6):1257–63.

35. Fazylov R, Soto E, Cohen S, et al. Laparoscopic Roux-en-Y
gastaric bypass surgery on morbidly obese patients with hypothy-
roidism. Obes Surg. 2008;18(6):644–7.

36. Aggarwal S, Modi S, Jose T. Laparoscopic sleeve gastrectomy
leads to reduction in thyroxine requirement in morbidly obese pa-
tients with hypothyroidism. World J Surg. 2014;38(10):2628–31.

37. Fierabracci P, Martinelli S, Tamberi A, et al. Weight loss and vari-
ation of levothyroxine requirements in hypothyroid obese patients
after bariatric surgery. Thyroid. 2016;26(4):499–503.

38. Rubio IG, GalrãoAL, SantoMA, et al. Levothyroxine absorption in
morbidly obese patients before and after Roux-En-Y gastric bypass
(RYGB) surgery. Obes Surg. 2012;22(2):253–8.

39. GkotsinaM, Michalaki M,Mamali I, et al. Improved levothyroxine
pharmacokinetics after bariatric surgery. Thyroid. 2013;23(4):414–
9.

40. Manousou S, LMSC, Eggertsen R, et al. Iodine status after bariatric
surgery-a prospective 10-year report from the swedish obese sub-
jects (sos) study. Obes Surg. 2018;28(2):349–57.

41. Michalaki M, Volonakis S, Mamali I, et al. Dietary iodine absorp-
tion is not influenced bymalabsorptive bariatric surgery. Obes Surg.
2014;24(11):1921–5.

OBES SURG (2019) 29:705–712 711



42. Sari R, Balci MK, Altunbas H, et al. The effect of body weight and
weight loss on thyroid volume and function in obese women. Clin
Endocrinol. 2003;59(2):258–62.

43. Wesche MF, Wiersinga WM, Smits NJ. Lean body mass as a deter-
minant of thyroid size. Clin Endocrinol. 1998;48(6):701–6.

44. Shapses SA, Sukumar D; Bone metabolism in obesity and weight
loss. Annu rev Nutr 2012;32:287–309

45. Cole AJ, Beckman LM, Earthman CP. Vitamin D status following
bariatric surgery: implications and recommendations. Nutr Clin
Pract. 2014;29(6):751–8.

46. Gasteyger C, Suter M, Gaillard RC, et al. Nutritional deficiencies
after Roux-en-Y gastric bypass for morbid obesity often cannot be
prevented by standard multivitamin supplementation. Am J Clin
Nutr. 2008;87(5):1128–33.

47. Riedt CS, Brolin RE, Sherrell RM, et al. True fractional calcium
absorbtion is decreased after Roux-en-Y gastric bypass surgery.
Obesity (Silver Spring). 2006;14(11):1940–8.

48. Durr ML, Saunders JR, Califano JA, et al. Severe hypocalcemia
complicating thyroid surgery after Roux-en-Y gastric bypass pro-
cedure. Arch Otolaryngol Head Neck Surg. 2009;135(5):507–10.

49. Kull M, Kallikorm R, Lember M. Body mass index determines
sunbathing habits: implications on vitamin D levels. Intern Med J.
2009;39(4):256–8.

50. Florez H,Martinez R, ChacraW, et al. Outdoor exercise reduces the
risk of hypovitaminosis D in the obese. J Steroid Biochem Mol
Biol. 2007;103(3–5):679–81.

51. Beckman LM, Earthman CP, Thomas W, et al. Serum 25(OH) vi-
tamin D concentration changes after Roux-en-Y gastric bypass sur-
gery. Obesity (Silver Spring). 2013;21(12):E599–606.

52. Pramyothin P, Biancuzzo RM, Lu Z, et al. Vitamin D in adipose
tissue and serum 25-hydroxyvitamin D after Roux-en-Y gastric
bypass. Obesity (Silver Spring). 2011;19(11):2228–34.

53. Lanzarini E, Nogués X, Goday A, et al. High-dose vitamin D sup-
plementation is necessary after bariatric surgery: a prospective 2-
year follow-up study. Obes Surg. 2015;25(9):1633–8.

54. Nair R, Maseeh A. Vitamin d: the sunshine vitamin. J Pharmacol
Pharmacother. 2012;3(2):118–26.

55. Pellitero S, Martínez E, Puig R, et al. Evaluation of vitamin and
trace element requirements after sleeve gastrectomy at long term.
Obes Surg. 2017;27(7):1674–82.

56. Williams SE. Metabolic bone disease in the bariatric surgery pa-
tient. J Obes. 2011;2011:634614.

57. Peterson LA, Zeng X, Caufield-Noll CP, et al. Vitamin D status and
supplementation before and after bariatric surgery: a comprehen-
sive literature review. Surg Obes Relat Dis. 2016;12(3):693–702.

58. Guglielmi V, Bellia A, Gentileschi P, et al. Parathyroid hormone in
surgery-induced weight loss: no glucometabolic effects but poten-
tial adaptive response to skeletal loading. Endocrine. 2018;59(2):
288–95.

59. Raoof M, Näslund I, Rask E, et al. Effect of gastric bypass on bone
mineral density, parathyroid hormone and vitamin D: 5 years fol-
low-up. Obes Surg. 2016;26(5):1141–5.

60. Schijns W, Aarts EO, Berends FJ, et al. Loose and frequent stools
and pth levels are positively correlated post-gastric bypass surgery
due to less efficient intestinal calcium absorption. Surg Obes Relat
Dis. 2016;12(8):1548–53.

61. Switzer NJ, Marcil G, Prasad S, et al. Long term hypovitaminosis d
and secondary hyperparathyroidism outcomes of the Roux-en-Y
gastric bypass: a systematic review. Obes Rev. 2017;18(5):560–6.

62. Wei JH, Lee WJ, Chong K, et al. High incidence of secondary
hyperparathyroidism in bariatric patients: comparing different pro-
cedures. Obes Surg. 2018;28(3):798–804.

712 OBES SURG (2019) 29:705–712


	Differences in Calcium Metabolism and Thyroid Physiology After Sleeve Gastrectomy and Roux-En-Y Gastric Bypass
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Materials and methods
	Statistics
	Results
	Discussion
	Conclusion
	References


