Keywords: levothyroxine, hypothyroidism, bariatric surgery, sleeve gastrectomy Mots-clés : lévothyroxine, hyperthyroïdie, chirurgie de l'obésité, gastrectomie longitudinale

Levothyroxine dose adjustment in hypothyroid patients following gastric sleeve surgery Ajustement de la dose de Lévothyroxine pour les patients hypothyroïdiens après une gastrectomie longitudinale

Résumé

Introduction : Les patients euthyroïdiens présentent un niveau de thyréostimuline (TSH) diminué après une gastrectomie longitudinale. Cependant, des études sur l'absorption de la Lévothyroxine après une chirurgie de l'obésité rapportent des résultats contradictoires et les données sur l'ajustement de la dose de lévothyroxine en fonction du poids sont éparses. L'objectif de cette étude est d'évaluer l'ajustement de la dose de lévothyroxine au cours de la perte de poids qui suit la gastrectomie longitudinale. Méthodes : Cette étude rétrospective évalue les changements de doses de la lévothyroxine chez les patients bénéficiant d'une gastrectomie longitudinale au centre hospitalier universitaire de Nîmes (France) entre janvier 2010 et mars 2016. Les patients ont reçu un suivi post-opératoire standard après une chirurgie de l'obésité ainsi qu'un traitement à la lévothyroxine pour l'hypothyroïdie. Résultats : Cinquante-deux des 271 patients ayant bénéficié d'une gastrectomie longitudinale (19,2 %) ont été traités avec de la lévothyroxine. Vingt-deux d'entre eux ont été exclus ; 31 ont été suivis pendant 12 mois dont 12 qui ont été suivis au total pendant 24 mois. La perte de poids moyenne était de 35 ± 11 kg à 12 mois et de 41,8 ± 10,2 kg à 24 mois. La dose quotidienne de lévothyroxine a été diminuée de 108 µg/jour à 94 [63-125] µg/jour à 12 mois puis, à 69 [44-134] µg/jour à 24 mois, avec une corrélation positive entre la dose de lévothyroxine et la perte de poids à 12 mois (p = 0,03). La dose ajustée en fonction du poids était de 1,04 [0,81-1,24] µg/kg/jour au début de l'étude, de 1,14 [0,85-1,66] µg/kg/jour à 12 mois et de 0,85 [0,53-2,10] µg/kg/jour à 24 mois, ne montrant aucune corrélation avec la perte de poids. La médiane du niveau de TSH a diminué jusqu'à 1,30 [0,63-2,27] mUI/l à 12 mois puis 1,48 [START_REF] Inserm | enquête épidémiologique nationale sur le surpoids et l'obésité[END_REF]42] mUI/l à 24 mois.

Introduction

Obesity is rising in France, in 2012, 32.3% of population was overweight and 15% obese [START_REF] Inserm | enquête épidémiologique nationale sur le surpoids et l'obésité[END_REF]. By the way bariatric surgery is increasing : 30 513 procedures were carried out in 2011 (44 % were sleeve gastrectomy). Between 10.9 % and 12.3 % of patients receiving bariatric surgery are taking levothyroxine [START_REF] Fierabracci | Prevalence of Endocrine Diseases in Morbidly Obese Patients Scheduled for Bariatric Surgery : Beyond Diabetes[END_REF]. The dose is adapted to the body weight ; therefore obese patients require a higher dose due to their higher plasmic volume, a longer delay in intestinal absorption of levothyroxine (3) and the increased of lean body mass [START_REF] Santini | Lean Body Mass Is a Major Determinant of Levothyroxine Dosage in the Treatment of Thyroid Diseases[END_REF].

Obese patients have increased levels of TSH (5) [START_REF] Pearce | Thyroid hormone and obesity[END_REF], which reduce or even return to normal after weight loss through dietary control(6)(7) [START_REF] Lips | Roux-en-Y gastric bypass and calorie restriction induce comparable time-dependent effects on thyroid hormone function tests in obese female subjects[END_REF]. Previous studies looking at the variation of thyroid function following bariatric surgery have concentrated on either euthyroid patients or hypothyroid patients treated with levothyroxine. Thyroid function seems to improve (TSH reduction or lower levothyroxine dose) after weight loss following bariatric surgery, to the same extent as weight loss through dietary interventions.

Only three studies have investigated sleeve gastrectomy(17)(20) [START_REF] Bevan | Thyroxine malabsorption following intestinal bypass surgery[END_REF]. (Table 1 and2) In healthy non-operated patients, a normal gastric acid secretion is important for the absorption of levothyroxine [START_REF] Pabla | A comparative pH-dissolution profile study of selected commercial levothyroxine products using inductively coupled plasma mass spectrometry[END_REF] who is largely absorbed in the jejunum-ileum [START_REF] Hays | Localization of Human Thyroxine Absorption[END_REF]. However, data from surgery patients is contradictory : several cases of malabsorption following bypass have been reported [START_REF] Padwal | A systematic review of drug absorption following bariatric surgery and its theoretical implications[END_REF] [START_REF] Bevan | Thyroxine malabsorption following intestinal bypass surgery[END_REF] [START_REF] Topliss | Increased requirement for thyroid hormone after a jejunoileal bypass operation[END_REF] [START_REF] Azizi | Malabsorption of thyroid hormones after jejunoileal bypass for obesity[END_REF], although one more recent study instead showed an improvement in pharmacokinetics following sleeve gastrectomy and bypass [START_REF] Gkotsina | Improved Levothyroxine Pharmacokinetics After Bariatric Surgery[END_REF].

There is currently little data relating to treatment with levothyroxine and thyroid function following sleeve gastrectomy. The aim of this study was to analyse the change in levothyroxine dose against weight loss in hypothyroid patients having undergone sleeve gastrectomy. Weight loss would be expected to result in a decrease in daily levothyroxine dose (µg/day) and a stabilisation of the weight-adjusted dose µg/kg/day. If there is an improvement in thyroid function, the weight-adjusted dose will decrease, whilst malabsorption of the product will result in an increased weight-adjusted dose.

Method

Participants :

This is a retrospective observational study. Participants were recruited from patients hospitalised between January 2010 and March 2016 in the Maladies Métaboliques et Endocriniennes department of the CHU Nîmes. Participants included were males or females over the age of 18 years, having received sleeve gastrectomy at the CHU Nîmes prior to March 2016 in order to have a minimum follow-up of 12 months, treated with a substitutive dose of levothyroxine for peripheral hypothyroidism. Participants were excluded if they had a central hypothyroidism, a poor compliance to levothyroxine, took oral liquid levothyroxine, a follow-up of less than 12 months after surgery, or were pregnant.

The recruitment and the follow up of the population is described in the Figure 1 and the characteristics of the population is described in the Table 3.

Progression of patients pursuing a bariatric surgical program :

Following acceptance at the multidisciplinary team meeting, surgery was performed under general anaesthetic by the same surgeon for all patients by coelioscopy : a complete gastrolysis was conducted with removal of the His angle and exposure of the left diaphragmatic crus. The stomach was then cut and stapled from 4-5cm above the pylorus to the angle of His. Intraoperative methylene blue testing was conducted to ensure the integrity of the seal.

Patients were then registered, and followed every 3 months for 1 year (M3-M6-M9-M12), then every 6 months the following year (M18 -M24), and subsequently once per year. At each visit, blood samples were taken to test TSH levels to confirm euthyroid status. Patients met with their doctor who recorded their body weight, treatment (levothyroxine dose) and any related events. Vitamin supplements were prescribed if any deficiencies were discovered and the dose of levothyroxine was modified according to TSH level.

Data collection pre-surgery (M0) :

Body weight and height were recorded at the multidisciplinary team meeting, which took place on average 2-3 months prior to surgery. There was frequently a difference of ± 2-3kg between the body weight recorded at the RCP and the body weight recorded on the day of the surgery, although this difference was no considered to be significant for our study. Levothyroxine dose was recorded from the consultation or hospital letters preceding surgery to ensure that there was no variation in the 3 months prior to surgery.

TSH measurement :

Serum TSH levels were measured by enzyme-linked immunosorbent assay from January 2010 to March 2013 (Beckman Coulter®, sensitive to 0.015 mUI/l, reference values 0.40 mUI/l to 4 mUI/l), and by electrochemiluminescent immunometric assay from March 2013 (Elecys Roche Cobas®, sensitive to 0.014 mUI/l, reference values 0.40 mUI/l to 3.77 mUI/l).

Judgment Criteria:

The main judgment criterion was the change in daily levothyroxine dose (µg/day) between M0 and M12 or M24. Other judgment criteria were change in weight-adjusted dose (µg/kg/day) between M0 and M12 or M24, change in weight-adjusted dose (μg/kg/day) between M0 and each follow-up visit at M6-M12-M24 and change in body weight (kg) between M0 and each follow-up visit at M6-M12-M24. TSH levels were observed at each hospital visit at M6-M12-M24 to confirm euthyroid status. The normal level of TSH value was defined as TSH between 0.40-3.77 mUI/l.

Data analysis:

The correlation between dose alteration and change in body weight between M0 and M12 or M24 was calculated by Kendall ranking coefficient with a p ≤ 0.05 considered statistically significant. The Kendall coefficient was chosen as the dose was a discrete variable, not following a normal law, and often presented equivalent values.

Results

Between January 2010 and March 2016, 271 patients received sleeve gastrectomy at the CHU Nîmes. Fifty-two patients (19.2%) were taking levothyroxine. Twenty-one (40.4%) patients were excluded and 31 included in the study (Fig. 1). The pre-surgery patient characteristics are described in table 1.

The average weight loss was 35 ± 11 kg at 12 months (Graph 1A) and 41.8±10.2kg at 24 months (Graph 1B).

The median daily dose of levothyroxine dropped for all 31 patients followed for 12 months from 108[88-144] to 94[63-125] µg/day (Graph 2A) at 12 months, and for the 12 patients followed to 24 months, from 125[84-153] to 69[44-134] µg/day (Graph 2B).

Weight-adjusted levothyroxine dose went from 1.04[0.81-1.24] to 1.14[0.85-1.66] μg/kg/day (Graph 3A) for the 31 patients followed for 12 months, and from 1.033[0.69 -1.34] to 0.90[0.53-2.10] μg/kg/day (Graph 3B) for the 12 patients followed for 24 months.

A significant positive correlation was found between weight loss and decrease in daily levothyroxine dose (Ԏ Kendall = 0.29; p = 0.03) (Graph 4) and between the decrease in BMI and decrease in daily levothyroxine dose (Ԏ Kendall = 0.34; p = 0.01) (Graph 5) at 12 months. This correlation was not significant in the group followed for 24 months.

There was no significant correlation between weight loss and the decrease in weightadjusted dose of levothyroxine. 

Discussion

Thyroid function in obese patients is different than in normal weight patients, the major difference is a higher TSH, and peripheral hormones level in serum [START_REF] Michalaki | Thyroid Function in Humans with Morbid Obesity[END_REF] [START_REF] Pearce | Thyroid hormone and obesity[END_REF]. This is due to an activation of the hypothalamic-pituitary-thyroid axis due to the accumulation of fat mass. There is a complex interaction between adipose tissue and the hypothalamic pituitary thyroid axis by the action of various adipocytes cytokines. Any authors talk about "acquired resistance to thyroid hormone" in obesity.

Hypotheses as to why include a possible role as an adaptive mechanism to compensate for weight gain, or partially inactive TSH or resistance to TSH or a perturbation of the hypothalamic-pituitary system with a likely role of leptin [START_REF] Svare | Serum TSH related to measures of body mass: longitudinal data from the HUNT Study, Norway[END_REF]. Further studies have shown that after weight loss the regulation of the hypothalamic-pituitary-thyroid axis was improved.

A decrease in ghrelin is observed after by-pass and sleeve gastrectomy [START_REF] Langer | Sleeve Gastrectomy and Gastric Banding : Effects on Plasma Ghrelin Levels[END_REF] as it is mainly secreted in the gastric fundus which is removed by this surgery. Ghrelin has appetite stimulating properties and also plays a role in thyroid function: Emami A et al. showed a negative correlation between ghrelin and TSH and a positive correlation between ghrelin and T4 and T3 in both hypothyroid and hyperthyroid patients [START_REF] Emami | Is association between thyroid hormones and gut peptides, ghrelin and obestatin, able to suggest new regulatory relation between the HPT axis and gut? RegulPept[END_REF]. A two-way regulation between the hypothalamic-pituitary and peptides secreted by the digestive system appears to exist, although mechanisms have not yet been elucidated [START_REF] Langer | Sleeve Gastrectomy and Gastric Banding : Effects on Plasma Ghrelin Levels[END_REF].

After weight loss in euthyroid bariatric surgery parties, it is possible to see an improvement in thyroid function by a decrease of TSH (8)(13)(12). To our knowledge, only one study has analysed the change of TSH after sleeve gastrectomy (38 patients): a modest yet significant decrease (-0.63mUI/l) was observed, not correlated to loss of weight [START_REF] Ghanem | Effect of Sleeve Gastrectomy on Thyroid Hormone Levels[END_REF].

We know that after oral administration 30-90% of levothyroxine dose is absorbed within 3h of ingestion, a majority of the absorption takes place in the jejunum and ileum. Absorption is maximal when administered on an empty stomach, reflecting the importance of gastric acidity in the process.

Following sleeve gastrectomy, we saw a decrease in daily dose of levothyroxine with a positive correlation at 12 months between weight loss and decrease in dose. This correlation was not retained at 24 months, most likely due to the lack of power associated with the smaller group. These results confirm the importance of adapting dose to the body weight (3)(4). However, when removing the 'weight effect' by studying the weight-adjusted dose, this correlation between dose and weight loss is not found. In all, this suggests that there is no modification of thyroid function after sleeve gastrectomy. Several individual factors could induce a variation in adjusted levothyroxine dose. Any treatments can cause an increase in available levothyroxine. Proton pump inhibitors (PPI) increase gastric pH through inhibition of the parietal gastric cell H + /K + ATPase pump and therefore the dissolution of levothyroxine (18)(25) [START_REF] Centanni | Thyroxine in Goiter, Helicobacter pylori Infection, and Chronic Gastritis[END_REF]. Iron salts taken orally chelate levothyroxine in the digestive tract, preventing its absorption [START_REF] Campbell | Ferrous sulfate reduces thyroxine efficacy in patients with hypothyroidism[END_REF]. Calcium carbonate and cholestyramine also decrease the absorption of levothyroxine [START_REF] Liwanpo | Conditions and drugs interfering with thyroxine absorption[END_REF]. In our study, 13 patients out of 33 (39.4%) received PPI at least once over the course of the study ; 5 (15.2%) receiving ferrous sulfate and 8 (24.3%) taking other supplements containing calcium carbonate (Alvityl®, Azinc®, Protenplus®). As not all patients received these treatments, and those that did were given different dosages and varying lengths of treatment, variations in absorption could well arise causing knock-on effects on levothyroxine dose.

Certain digestive disorders can alter levothyroxine absorption: coeliac disease, gastritis, lactose intolerance, digestive tract inflammatory disease (Crohn) (31) [START_REF] Liwanpo | Conditions and drugs interfering with thyroxine absorption[END_REF]. We do not have a record of such digestive pathologies in our study.

Eating behaviours change following bariatric surgery. Not only is there a decrease in quantities consumed, but also a change in the types of food : a decrease in appetite for high energy food [START_REF] Miras | Bariatric surgery and taste: novel mechanisms of weight loss[END_REF] which could lead to consumption for food affecting absorption of levothyroxine. Soya, high fibre foods (walnuts, papaya), coffee [START_REF] Benvenga | Altered intestinal absorption of L-thyroxine caused by coffee[END_REF] and grapefruit juice can alter levothyroxine absorption by sequestering it in the digestive tract [START_REF] Benvenga | When thyroid hormone replacement is ineffective ? CurrOpinEndocrinol Diabetes Obes[END_REF] [START_REF] Liwanpo | Conditions and drugs interfering with thyroxine absorption[END_REF]. It was not possible in this retrospective study to examine the eating habits of patients regarding these food products.

Patients had different causes of hypothyroidism. Some were putatively defined as Hashimoto hypothyroid, but without a measure of anti-TPO antibody it was not possible to confirm this diagnosis, and it is possible that this disease was not explored in the other patients. It was evocated that thyroiditis group can have a more fluctuant TSH value during levothyroxine treatment than post-surgical hypothyroidism. In our study five patients (15.2%) had received thyroidectomies, four for benign nodules, and one for a low risk papillary carcinoma. However alteration of levothyroxine dose for these patients was similar to the principal cohort in this study.

In hypothyroid patients taking levothyroxine, improved thyroid function with weight loss could result in a decrease in levothyroxine dose. Analysis of the alteration in levothyroxine dose following sleeve gastrectomy in 19 patients showed a decrease in daily dose in the majority of patients (13/19, 68.4%), or a stabilisation of dose [START_REF] Aggarwal | Laparoscopic Sleeve Gastrectomy Leads to Reduction in Thyroxine Requirement in Morbidly Obese patients With Hypothyroidism[END_REF]. There was a positive correlation between daily dosage and percentage of excess weight lost. However this dose was not adjusted for body weight, and as we have seen above, it is logical that daily dose would decrease with body weight. Another study analysed the change in levothyroxine dose following sleeve gastrectomy in a small cohort : eight patients out of 93 undergoing sleeve gastrectomy with a similar result to the main cohort (by-pass + band + sleeve) : there is not a significant correlation between weight loss and decrease in levothyroxine dose [START_REF] Fierabracci | Weight Loss and Variation of Levothyroxine Requirements in Hypothyroid Obese Patients After Bariatric Surgery[END_REF]. The correlation with weight-adjusted dose (which rose in this study) was not examined. In our study there was no correlation between decrease in weight-adjusted dose and the loss of weight. Weight loss varied hugely between patients : between eight and 54kg at 12 months and between 26 and 58 kg at 24 months. It would be interesting to study the change in TSH activity and the leptin concentration in patients compared with this weight loss. Fierabracci et al. saw an average drop of 60% in leptin following bariatric surgery ; but without correlation with weight loss. In addition, the decrease in levothyroxine dose was proportional to the decrease in lean body mass evaluated by absorptiometry [START_REF] Fierabracci | Weight Loss and Variation of Levothyroxine Requirements in Hypothyroid Obese Patients After Bariatric Surgery[END_REF].

In summary, it appears that the pharmacokinetics of levothyroxine are improved following sleeve gastrectomy : Gkotsina M et al. have shown that the AUC (area under curve) of plasmic concentration of levothyroxine administered to euthyroid patients was improved after biliopancreatic derivation and after sleeve gastrectomy [START_REF] Gkotsina | Improved Levothyroxine Pharmacokinetics After Bariatric Surgery[END_REF]. This paradoxical result is difficult to explain: levothyroxine is less in contact with bile secretion, therefore there is less glucourono-conjugation and thus a better absorption. Modification of the intestinal microbiota and proliferation of digestive mucus is also likely.

The advantage of our study is that the analysis of weight-adjusted dose changes (μg/kg/day) allowed us to dissect the effect of weight.

Nevertheless, our study had certain limitations: as a retrospective observational study with a small cohort size, there was a lack of power particularly for the analyses at 24 months. However, the previous largest study in the literature studying the changes in dose of levothyroxine following sleeve gastrectomy comprised 19 patients, compared to 31 in ours. Finally, the adaptation of levothyroxine over the course of the study was not protocoled; it was based upon TSH value, but the dose changes were at the discretion of the doctor, and the value was large between 0.40-3.77 mUI/l.

Similarly, it was difficult to evaluate patient compliance in terms of taking the medication in this observational study.

Another limit of this study is the only descriptive character, it will be interesting to have a control group in order to compare the result, with thyroid function in obese patient with weight loss and no surgery.

Finally the median adjusted dose of levothyroxine is lower than expected with value between 1.04 to 1.03 µg/kg/day who correspond more with subclinical hypothyroidism than real hypothyroidism. This fact underline the difficulty to evaluate the thyroid function in obese population in general.

In conclusion, after weight loss following sleeve gastrectomy, the daily dose of levothyroxine decreases, but not regarding adjusted weight dose. Confusing factors are multiple and prevent us from proving incontestably a variation in dose adjusted for weight. This results must encourage to a regular follow-up of TSH level in the years following bariatric surgery in patients treated with levothyroxine in order to adapt treatment. Further protocoled studies on larger cohorts including absorption observations are necessary, with control groups in order to confirm this results. 

Table 1. Variation of TSH following weight loss due to bariatric surgery in euthyroid patients
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 1 Figure 1. Recruitment and follow-up of patients receiving sleeve gastrectomy

Table 3 . Pre-surgery patient characteristics Total = 31 patients 12 patients followed 24 months (38.7%)
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	Ratio males/females	2/29	1/11
	Age average(years)	50.9 ± 9.07	46.2 ± 8.9
	Body weight average(kg)	112.1±16.7	117.3± 17.2
	BMI average(kg/m 2 )	42.6 ± 5.4	43.9 ± 6.3
	Number patients BMI< 35(kg/m 2 )	2 (6.5%)	1 (8.3%)
	Number patients BMI [35-39] (kg/m 2 )	9 (29%)	3 (25%)
	Number patients BMI ≥ 40 (kg/m 2 )	20 (64.5%)	8 (66.7%)
	Median daily dose of levothyroxine (µg/day)	108 [88 -144]	125 [84 -153]
	Median adjusted dose of levothyroxine µg/kg/day)	1.04 [0.81 -1.24]	1.03 [0.69 -1.34]