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From Constitutional Thinness to Obesity: What you should know

Background: Heritability of constitutional thinness increased in first-degree relatives with reported heritability rate of 16.2% when both parents were thin, whereas with normal weight parents, overweight or obese prevalence decreased gradually.

Objectives: This study aimed to calculate the heritability of constitutional thinness in a sample of French and Lebanese adults and discuss the possible modes of transmission.

Methods: A total of 250 French individuals and 71 Lebanese subjects were recruited from CHU Saint Etienne patients and local Lebanese community. Pedigree XP software was used to automatically chart family health history and identify familial prevalence of constitutional thinness.

Results:

The heritability of constitutional thinness among French first-degree relatives was 44.6% ±1.81 and 34.4% ±0.92 among Lebanese first-degree relatives. Inheritance patterns was illustrated as autosomal recessive.

Conclusion: Familial heritability of constitutional thinness was considered high in both population. So, constitutional thinness is a heritable trait, but further research should focus on the association between genetics and CT prevalence.
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Constitutional thinness is an underweight state with a body mass index (BMI) range of 13.5 to 17.5 Kg/m 2 observed among individuals without any eating disorder or hormonal abnormalities. The BMI of constitutionally thin (CT) individuals is very similar to that of anorexia nervosa (AN) but they differ biologically. AN individuals have a significant low body weight, energy intake restriction behavior, intense fear of gaining weight, and body shape disturbance. Furthermore, unlike AN, CT subjects have been thin all their lives. Since it is a relatively new topic of interest, most studies addressing CT are observational. The following aspects were mostly observed: hormonal profile, nutrient intake (NI), energy expenditure (EE), bone mineral density (BMD), fat mass (FM), fat free mass (FFM) and psychological profile. LIST OF TABLES Chapter 1: Literature review Table 1: Hormone levels among constitutionally thin (CT) and anorexia nervosa (AN) subjects compared to normal levels.
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Literature Review

Definition of constitutional thinness (CT)

In the literature, thinness is often confused with leanness. Actually, thinness is a term used for underweight people, while leanness corresponds to a lower range of normal BMI. CT is defined as inherited state of natural low body mass index (BMI) below the 10 th percentile since infancy (ranging from 13.5 to 17.5 kg/m 2 ) (Cecile Bossu et al., 2007; C. M. Bulik & D. Allison, 2001) seen among persons with normal feeding behavior and nutritional markers (Tolle et al., 2003). CT individuals do not suffer from eating disorders; they experience normal menstrual cycles in young women, normal hormonal profile and normal reproductive function (Y. Ling et al., 2016). In addition, CT individuals have resistance to weight gain and fat deposition (C. M. Bulik & D. Allison, 2001). They express their desire to gain weight and often seek consult in this perspective (Estour, Galusca, & Germain, 2014). CT prevalence seems to be rare but remains still unknown (Estour et al., 2014).

In 1982, Apfelbaum et al were the first to discover the presence of CT individuals [START_REF] Apfelbaum | Constitutional thinness[END_REF]. Like obesity, thinness could be inherited (Cecile Bossu et al., 2007;[START_REF] Laskarzewski | Familial obesity and leanness[END_REF]; Katriina L Whitaker, Martin J Jarvis, David Boniface, & Jane Wardle, 2011). The heritability of thinness can be determined through familial frequency analyses [START_REF] Apfelbaum | Constitutional thinness[END_REF]; C. M. Bulik & D. Allison, 2001;[START_REF] Costanzo | Thinness-not obesity-has a genetic component[END_REF]P. Magnusson & F. Rasmussen, 2002). In genetics, parents' low bodyweight influences the weight of their children.

For instance, a five year familial study conducted over 7000 families with thin children showed that both parents had an equal percentage of passing the genes related to thinness to their offspring's (Katriina L Whitaker et al., 2011). In addition, human twin studies shed the light on the crucial role of genes in thinness, accounting for 67% (C. M. Bulik & D. Allison, 2001). As a result, geneticists hypothesized that thinness genes may exist. The degree of recurrent variants of weight-affecting genes, such as FTO and MC4R, are prone to assess an individual's body mass and fatness (Johannes Hebebrand, Hinney, Knoll, Volckmar, & Scherag, 2013).

I. Difference between CT and Anorexia Nervosa (AN)

The distinction between CT and AN is essential to prevent social stigmatization, individual's mental disorders and anxiety, ineffective treatment and prolonged hospital stays (B. [START_REF] Estour | Differentiating constitutional thinness from anorexia nervosa in DSM 5 era[END_REF]. However, differentiating the two entities are sometimes difficult for the clinicians.

With regards with literature, we can list several items that can help the clinician to decipher AN from CT. All those elements are most of the time related: The history of weight is the first element to analyze while facing a young thin woman. Indeed it has been clearly demonstrated now that CT present with a natural low body mass index (BMI) below the 10 th percentile since infancy (ranging from 13.5 to 17.5 kg/m 2 ) (Cecile Bossu et al., 2007; C. M. Bulik & D. Allison, 2001). For instance, BMI growth chart for CT individuals showed a stable value around the 5th percentile throughout their lives, compared to AN subjects whose BMI were at the 50th percentile all the time before losing weight (B. Estour et al., 2017) (figure 1). However, this implies to be able to retrieve medical information from the whole life of the patient. In clinical practice, weight information is not always present in "health books" if they exist. Identifying a break in the weight curve will lead you to the diagnosis of anorexia nervosa in the first place even if you don't have the whole life medical records. women and controls, whereas lower values were found in AN subjects (p < 0.05) (Tolle et al, 2003). Recently, FFM was shown to be lower in 10 CT compared to 10 C women (Galusca et al., 2018). A case control study conducted by Estour et al. (2017) on 150 Caucasian AN, CT and control women (C) showed higher FFM in controls (37.2±3.9 kg) as compared to CT (33.8±3.9 kg)

and AN (34.4±2.9 kg) (Estour et al., 2017). In another study conducted by Bossu et al., (2007) on 20 Caucasian AN, CT and controls women, FFM was also found to be the highest in controls (37.8±1.6 kg); however, followed by AN (34.1±1.9 kg) and then CT (32.5±2.9 kg) (p<0.05) (C. Bossu et al., 2007b).

As for FM, Estour et al., (2017) showed the highest values in control subjects (14.1±3.0 kg) followed by CT (8.8±2.9 kg) and AN (4.7±3.4 kg) (p<0.001) (B. Estour et al., 2017). Similar results

were obtained in another study conducted by Germain et al., (2014) Bossu et al., 2007b;N. Germain et al., 2014b).

Here again, almost AN and CT displayed the BMI, body composition is completely different between those two entities. Indeed, globally fat mass is significantly lower in CT compared to C, but significantly higher to AN (Figure 2). This kind of conserved fatness is very important as it will condition the presence of leptin and the subsequent conserved gonadal axis.

Figure 2: Body composition in AN, CT and controls (C. Bossu et al., 2007a).

The hormonal nutritional markers

The hormonal nutritional markers remain in clinical practice the most reliable way to decipher both entities. Indeed, even if CT and AN share the same BMI, CT subjects do not show any common biological characteristic despite thinness (Tolle et al., 2003). Hormonal abnormalities in AN are now well known and hugely demonstrated.

The low free total triiodothyronine (T3) syndrome (Chopra & Smith, 1975;Kiyohara, Tamai, Takaichi, Nakagawa, & Kumagai, 1989) is characterizing undernutrition in anorexia nervosa. All studies conducted in the three groups of patients (anorexia nervosa patients, constitutional thinness patients and controls) found that T3 plasma level was normal in CT and Controls but significantly reduced in AN (C. Bossu et al., 2007a;B. Estour et al., 2017;Galusca et al., 2018 2 et al., 2003). Estour and al in 2017 showed that T3 plasma level was the best hormonal marker to decipher AN from CT with a threshold at 3.3 mmol/l with high sensitivity. The team had proposed to use it systematically in clinical practice (figure 3) (B. Estour et al., 2017). Insulin-like growth factor 1 (IGF-1) is also known as a undernutrition markers when its plasma level is low associated, because of negative feedback, with high growth hormone (GH) [START_REF] Cabranes | Somatomedin-C and growth hormone levels in anorexia nervosa in relation to the puberal or post puberal stages[END_REF], When comparing the hormonal profile among the following 3 groups: CT, AN and control (C), several studies showed that IGF-1 levels were normal in CT and C but lower in AN. Tolle et al. (2003) was the first to show these findings (p < 0.01) (Tolle et al., 2003). Similar results

were also observed in four subsequent studies done on females by the French team of Saint CT and 10 C (Galusca et al., 2018).

Cortisol has been shown to be increased in anorexia nervosa linked to undernutrition. All studies realized by TAPE team found a normal circadian cycle of ACTH and cortisol with normal response of cortisol after dexamethasone absorption (Tolle et al., 2003). These results are in line with the absence of undernutrition in CT.

4.

The gonadal axis and function (figure 4 and5)

Estradiol and gonadal axis are blocked in undernutrition, reflected by low 17β-estradiol (17 β E2), low luteinizing hormone (LH), and low follicle-stimulating hormone (FSH) (Estour et al., 2014). In CT studies showed normal level of estradiol, LH and FSH plasma levels, associated with normal LH response to LHRH injection. LHRH pulse is indeed conserved alloying menses in women.

In a large cohort study, Estour and al, showed that Estradiol plasma level was one the best marker to use to decipher AN from CT in young women without any contraceptive medication. As AN can also occurred in older women or in men, DSM-5 decided to remove this criterion. However, when you can have this criteria, it remains the best (B. Estour et al., 2017). 

Body composition

Nutritional markers

Hormonal parameters

The appetite regulation hormonal profile and hunger feeling

Hormones play a huge role in regulating body processes included appetite regulation [START_REF] Klok | The role of leptin and ghrelin in the regulation of food intake and body weight in humans: a review[END_REF] Assessing the hormonal profile in CT is very useful to cross out any eating disorder or hormonal disease that can be the cause of thinness. Some hormones that play a role in weight gain (orexigenic) or weight loss (anorexigenic) and their functions are demonstrated in tables 2 and 3. Table 1 is a summary table emphasizing the difference in hormonal levels between CT and AN.

Ghrelin has been shown to display peaks before each meal. Very interestingly, studies done in Saint Etienne while testing 12 points per 24 hours found those peaks. Several studies were conducted in order to determine the level of ghrelin among CT. The first observational study was done in Paris and found that ghrelin was high in both CT and AN groups compared to a control group, knowing that blood samples were collected before and after meals. In addition, ghrelin level was correlated with BMI and nutritional status (p < 0.001) (Tolle et al., 2003). Then, two observational studies conducted by TAPE among the three groups: AN, CT and C found that ghrelin was numerically low in CT and significantly high in AN when compared to normal levels in C (p < 0.05) [START_REF] Germain | Ghrelin/obestatin ratio in two populations with low bodyweight: constitutional thinness and anorexia nervosa[END_REF]Germain et al., 2007a) (figure 7 and8).

Lately, TAPE team conducted two clinical trials with new assays techniques on acidified tubes and found that ghrelin level increased in CT post meal after fat overfeeding among 10 CT women (p=0.016) (Germain et al., 2012) and was low at fasting state in 8 CT women and increased when tested post meal and compared to a control group (p=0.01)(N. Germain et al., 2014b).

Compared to a control group, the level of ghrelin among CT depends on feeding or fasting state:

it is low after an overnight fast and increases after a meal.

Figure 6: Acylated ghrelin circadian plasma level (Germain et al., 2007a).

Figure 7: Total ghrelin circadian plasma level (Germain et al., 2007a).

Leptin is known to be blunted in AN in line with the lack of fat mass (J. [START_REF] Hebebrand | Plasma concentrations of obese protein in anorexia nervosa[END_REF].

One study done in Paris, in addition to two studies done in Saint Etienne, TAPE, concluded that CT participants had leptin levels that are intermediate between that of AN and C, knowing that AN had significant low levels and C had normal levels (B. Estour et al., 2017;Germain et al., 2007a;Tolle et al., 2003). However, two other studies done in Saint Etienne, showed different results regarding leptin which were normal in CT and C (p < 0.05) (C. Bossu et al., 2007a;[START_REF] Germain | Ghrelin/obestatin ratio in two populations with low bodyweight: constitutional thinness and anorexia nervosa[END_REF]. Moreover, an interventional study done on females showed that when fat over feeding CT on a surplus of 1200 kcal, their leptin levels were lower than that of C (p=0.04) (N. Germain et al., 2014b) (figure 9).

Figure 8: Leptin circadian plasma level (Germain et al., 2007a).

With regards to Peptide YY (PYY), one observational study and two interventional studies conducted by TAPE showed that peptide YY was significantly higher in CT when compared to AN and C respectively (Germain et al., 2012;N. Germain et al., 2014b;Germain et al., 2007a) (figure 10 and 11). Figure 9 : PYY circadian plasma level (Germain et al., 2007a).

Figure 10: PYY plasma level evolution after test meal (N. Germain et al., 2014b).

Very interestingly it has been demonstrated recently by the team of Saint Etienne (Poster SFE 2021) a conserved normal hunger feeling throughout night and day, while evaluated with visual analogic scale. Moreover, the total score of hunger feeling is higher in CT compared to controls with a larger proportion of high score (Figure 12).

Despite or because of that hunger feeling, CT have showed to have small proportioned meals, higher frequency of snacking that appears physiological in front of a rapid satiety, and fullness rating and difficulty to increase meal load. CT seems to be permanently in lack of energy and food. 1: Hormone levels among constitutionally thin (CT) and anorexia nervosa (AN) subjects compared to normal levels.

6. The bone quality (figure 13)

With respect to bone mass profile, loss of bone density is a major factor observed in AN as a consequence to undernutrition and hormonal imbalances, and it can also be observed in CT subjects but to a lesser extent. CT and AN had similar bone mineral density (BMD), however, it was lower than that of C women [START_REF] Galusca | Constitutional thinness: unusual human phenotype of low bone quality[END_REF]. So CT are at high risk of fractures since they suffer from bone loss [START_REF] Galusca | Constitutional thinness: unusual human phenotype of low bone quality[END_REF]. However, in contrary to the bone uncoupling that occurs in AN, bone formation and resorption are balanced in CT (Estour et al., 2014). This aspect was in agreement with the results described by Estour et al, (2017), showing a slightly higher femoral bone mineral density (BMD) (0.86±0.17 g/cm 2 ) and lumbar spine BMD (0.97±0.13 g/cm 2 ) in CT as compared to femoral and lumbar spine BMD in AN (0.81±0.2 g/cm 2 and 0.87±0.18 g/cm 2 respectively) bone loss with 44% of osteopenia is seen among 20 years old CT subjects (Estour et al., 2014;B. Estour et al., 2017). [START_REF] Galusca | Agerelated differences in hormonal and nutritional impact on lean anorexia nervosa bone turnover uncoupling[END_REF][START_REF] Galusca | Constitutional thinness: unusual human phenotype of low bone quality[END_REF] 

The muscle quality in CT

The muscular fiber quality in CT was analyzed in several studies published by Saint Etienne team and its collaborators by using multiple imunochemistry and transcriptomic assessment or highresolution respirometry (HRR) performed in muscle samples obtained by biopsies [START_REF] Bailly | Underweight but not underfat: is fat-free mass a key factor in constitutionally thin women?[END_REF][START_REF] Bailly | Skeletal muscle of females and males with constitutional thinness: a low intramuscular lipid content and oxidative profile[END_REF]Galusca et al., 2018;Y. Ling et al., 2020b). All these studies identified a diminished muscle quality including: smaller fiber size, decreased mitochondrial activity, lower capillarity, lower free fatty acids entries as energetic substrate, weaker sarcolemma structure and increased tissular levels of cytokines (ref).

Muscular tissue in CTs seems to display an anabolic resistance since all the upper mentioned deficiencies were associated with a relative increased protein intake characterizing the basal state of these subjects (~ 1.6 g proteins / kg). Moreover, overnutrition protocols, especially the second one including supplementary protein intake (ie Renutryl), did not lead to lean body mass gain (Y. Ling et al., 2020b). These data highlighted once more the resistance to body mass gain in CTs and opened some new lines of thought on the potential crucial role of the muscle cell within the CTs phenotype [START_REF] Bailly | Underweight but not underfat: is fat-free mass a key factor in constitutionally thin women?[END_REF].

The adipose tissue features in CT

In a previous paper one italian team performed [18F] FDG PET scans in CTs and compared the intake of this ligand in brown adipose tissue regions and found higher values when normalized by basal metabolic rate [START_REF] Pasanisi | Evidence of brown fat activity in constitutional leanness[END_REF]. They concluded in a speculative manner for a higher activity of these area and a potential explanation for this thinness.

A recently clinical study published two years ago Saint Etienne team evaluated the effect of overfeeding on white adipose in CTs by using integrative molecular and transcriptomic analyses performed on samples issues from biopsies (Yiin Ling et al., 2019). When compared to normal weighted controls CT individuals presented with smaller adipocytes by with a higher mitochondrial respiratory capacity and a higher mithocondrial number. No evidence of browning was found. UCP1 levels were found similar to that of controls. Transcritomincs analysis indicated increased markers for both lipolysis and lipidogenesis. These results suggested an increase in futile lipid cycling, rather than mitochondrial uncoupling, potentially connected to muscle cells functioning. This could be further targeted within studies to develop therapeutic approaches for both thinness and obesity. 9. The dietary intake (figure 14) Dietary intake and status in CT was assessed in six studies in an academic laboratory in Saint-Etienne France. In 2007, Germain et al, assessed the food intake among 3 groups of age matched women (aged 18-27 years old) (7 controls,10 CT and 12 AN) during 4 days period including (2 weekdays and 1 weekend). Photography reference book validated for the "Supplementation en Vitamines et Mineraux Antioxydants study", was used to perform 24-h dietary records. While, the caloric intake for the CT subjects (7821±850 kJ/d) was not different from the control subjects (8150±958 kJ/d), it was significantly higher than that of the AN patients (4304±625 kJ/d; P<0.05).

In addition, CT subjects show an equilibrated energy metabolism like that of control subjects (Germain et al., 2007b).

The same lab used the same protocol to assess energy intake among age matched CT women and controls (aged 18-26years old). Similar results were found between CT and control groups on: 1) percentages of nutrient consumed (protein intake: 13.01 ± 2.2% vs 14.5 ± 19 %, carbohydrate intake: 50.7 ± 7.5 % vs 46.4 ± 5.1 % and lipids intake: 36.2 ±6.7 % vs 39.0 ± 5.6 %) , 2) self -reported caloric intake (7,565 ± 908 kJ/day vs 7,961 ± 1,452 kJ/day), 3) mean calculated difference between energetic expenditure and caloric intake (816kJ/day vs 832 kJ/day) (C. Bossu et al., 2007b).

Two clinical fat overfeeding trials were conducted on both CT and AN groups for 4 weeks. The results of the first study showed that CT failed to gain weight even on a 700 calories surplus.

However a significant increase in RMR was observed (p=0.0307) (Germain et al., 2012).

More recently, two overfeeding studies were designed to confirm the energy gap in CT. Germain et al. (2014) compared 8 controls women and 8 CT women (aged 18-36 years old) in a 4 week fat overfeeding (2640 kJ excess). This study showed 1) that daily energy intake and macronutrient distribution did not differ between the two groups. 2) Compared to baseline, daily energy intake significantly increase after overfeeding in both CT and controls (at day 5: 8198 ± 670 kJ/day vs 7658 ± 444 kJ/day and day 34: 10132 ± 716 kJ/day vs 10069 ± 825 kJ/day). 3) Compared to controls, CTs have a significantly higher percentage of snacking at baseline (12.3 ± 1.9 % vs 7.3 ± 1.5 %; P=0.045) and on day 34 (15.7 ± 2.1 % vs 7.7 ± 1.5 %; P=0.002). 4) According to Goldberg equation, no over-reporting (EI/REE>2.4) was noted in CTs nor in controls (EI/REE= 2.1±0.1 vs 1.7±0.1) at the end of the overfeeding period (N. Germain et al., 2014b).

Similarly, Ling et al. carried out a 7 day food diary among 60 subjects equally distributed between CT and control in both genders before and during the overfeeding period. The daily caloric intake was assessed by GENI software and nutrient distribution was evaluated according to SUVIMAX study. An additional overfeeding following the first two weeks period, including daily consumption of one bottle of Renutrul Booster (600 kcal, 30 g protein, 72 g carbohydrate, 21 g fat) resulted in weight loss in CT group only (Y. Ling et al., 2016). Recently, Ling et al. (2020) showed that the blunted muscle energy process described earlier is linked to basal protein turnover. This showed a resistance to lean mass gain among CT (Y. Ling et al., 2020a). Literature data demonstrated significant difference in energy intake and expenditure of CT and AN. In other words, REE of AN group tended to be lower compared to CT group (B. Estour et al., 2017). For instance, when using indirect calorimetry, Estour et al, (2017) reported significantly lower REE in AN subjects (926±257 KJ/day) compared to CT subjects (1117± 112 KJ/day) and control group (1290±111 KJ/day). Likewise Bossu et al., (2007) revealed the lowest REE in AN (3810±937 KJ/day) followed by CT (4839±473 KJ/day) and then controls (5576±209 kJ/day) (p<0.05); however, with similar TEE (total energy expenditure) among all three groups. In addition, the difference between energy expenditure and caloric intake was evaluated and found similar in CT (816 KJ/day) and controls (832 KJ/day), and significantly higher in AN (3,161 KJ/day: p<0.05) (C. Bossu et al., 2007b;B. Estour et al., 2017).

The caloric intake, resting metabolic rate (RMR) and EE were compared among three groups: CT, AN, and C Caucasian females. Caloric intake of CT was similar to that of C but significantly higher than that of AN(C. Bossu et al., 2007a). In addition, a clinical trial showed that macronutrients distribution was also similar among CT and C shown in details in table 6, however CT tend to snack more when compared to C (p=0.002) (N. Germain et al., 2014b). This trial came up with the concept of energy gap in CT defined as the total EE (TEE) -daily total food intake. The energy taken from food and not used by the RMR or physical activity is lost to the unknown called energy gap (Figure 6).

RMR adjusted for fat free mass (FFM) was lower in CT when compared to C, which showed an energy gap between energy in and energy out in CT. Even in fat overfeeding trials, when CT and C were on a calorie surplus: CT failed to gain weight even when calorie in was higher than energy out, while C gained weight. This concept should be explored thoroughly (C. Bossu et al., 2007a;Germain et al., 2012;N. Germain et al., 2014b). Moreover, RMR was higher in CT when compared to AN (C. Bossu et al., 2007a).

Figure 15: Energy Balance. Energy balance before overfeeding (day 5), at the end of the 2640 kJ (630 kcal) per day excess overfeeding period (day 34) and after ad libitum food intake period (day 62) in the CT group (n=8) and the control group (controls, n=8). Total daily energy expenditure (grey bars) was calculated as follows: TEE=REE × physical activity level. The physical activity level was evaluated with an accelerometer. Food intake (white bars) was evaluated with a daily dietary record completed for 5 days. The energy gap (striped boxes) was calculated as follows: TEE-food intake (N. Germain et al., 2014b). The study estimated the food intake during a period of 4 days, including 2 weekdays and a weekend. Dietary records were performed with the use of a photographic reference book, which was previously validated for the Supplementation en Vitamines et Mineraux Antioxydants study. A nutritionist met the subjects twice, once to explain the collection of the data and the second time to ensure the accuracy of the collected data. 3 groups of young women:C: n=7, CT, n=10, AN n=12 / Age matched (18-27 years) The caloric intake for the CT subjects (7821±850 kJ/d) was not different from the control subjects (8150±958 kJ/d) but was significantly higher than that of the AN patients (4304±625 kJ/d; P<0.05). AN has a negative energy balance, CT subjects display an equilibrated energy metabolism similar to that of control subjects. CT subjects attempt to gain weight, whereas AN patients have a fear of gaining weight. The assessment of dietary intake was realized over a period of 4 days, including 2 weekdays and a weekend. The subjects reported the four 24-h dietary records using an instruction manual for codification of foods, including photographs for estimations of portion size. Foods were presented in three sizes, including intermediate and extreme positions, permitting seven choices of the amount. Photographs of the portion sizes were previously validated for the SU.VI.MAX study. A nutritionist met with subjects to explain the collection of the data and then to ensure the accuracy of the collected data. 3 groups of women: C: n=7, CT: n=7, AN: n=6 / Matched by age (18-26 years) The self-reported caloric intake for the CT subjects (7,565 ± 908 kJ/day) was similar to that of controls (7,961 ± 1,452 kJ/day) and significantly higher than that of the AN subjects (4,894 ± 703 kJ/day, P < 0.05). Similar percentages of nutrient consumed were found in CT and control groups. Compared with both controls and CT groups, the percentage of lipids consumed in AN patients was significantly lower. TEE measured by DLW (kJ/day) was similar in all three groups: 8,382 ± 988 in CT, 8,793 ±845 in controls, and 8,001 ± 2,152 in AN. The mean calculated difference between energetic expenditure and caloric intake was similar in CT (816kJ/day) and controls (832 kJ/day) and significantly higher in AN (3,161 kJ/day, P < 0.05) (Germain et al., 2012) A four-week fat overfeeding study in constitutional thin women: a human model of weight gain resistance.

(C.
To test the hypothesis that CT would have a resistance to weight gain. 10 female Controls (BMI 18.5-25 kg/m 2 ) and 10 CT women (BMI<17.5 kg/m 2 ) underwent a 4week fat overfeeding (700 kcal) intervention. Body weight, food intake, body composition, EE and the profile of appetite regulatory hormones after test meals were monitored prior to and after dietary intervention.

-Mean body weight remained the same in the CT group whereas it normally significantly increased in the control group -After one month ad libitum food intake, the CT group body weight significantly dropped down, whereas the control group maintained its body weight.

-Resting EE significantly increased in the CT (N. A 4-week fat overfeeding (2640 kJ excess) was performed to compare: 2 groups of women: C: n=8, CT: n=8 Age matched (18-36 years) Dietary intervention monitoring: Daily energy intake and macronutrient distribution did not differ between the groups at any visits. Daily energy intake significantly increased after overfeeding compared to baseline in both groups. Analysis of daily meals distribution showed a significantly higher percentage of snacking in CTs compared with controls at baseline (P=0.045) and on day 34 (P=0.002). According to Goldberg equation, no over-reporting (EI/REE>2.4) was noted in CTs (EI/REE=2.1±0.1) nor in controls (EI/REE=1.7±0.1) at the end of the overfeeding period (Y. [START_REF] Ling | Rational and design of an overfeeding protocol in constitutional thinness: Understanding the physiology, metabolism and genetic background of resistance to weight gain[END_REF] Rational and design of an overfeeding protocol in CT: understanding the physiology, metabolism and genetic background of resistance to weight gain.

To confirm the energy gap and propose mechanistic hypothesis.

Eating habits and food survey: A 7-day food intake is carried out before and during the overfeeding period. This allows assessing an accurate daily caloric intake (evaluated by GENI software) and the nutrient distribution (according to SUVIMAX study). 4 groups of men and women: C: n= 15 men and n= 15 women CT: n= 15 men and n= 15 women Continued overfeeding following the first 2 weeks resulted in weight loss in CTs. This is because: the use of multi-nutrient liquid instead of real food maximizes compliance in overfeeding protocol.

(Y. Ling et al., 2020a) Resistance to lean mass gain in constitutional thinness in free-living conditions is not overpassed by overfeeding

To explore weight and metabolic responses to protein caloric supplementation.

-2 week overfeeding (additional 600 kcal, 30 g protein, 72 g carbohydrate, and 21 g fat) -CTs (12 women and 11 men) -Controls (12 women and 10 men). Bodyweight, food intake, energy expenditure, body composition, nitrogen balance, appetite hormones profiles, and urine metabolome were taken before and after overfeeding.

Before overfeeding:

-Positive energy gap in both CT genders (309 ± 370 kcal in CT women and 332 ± 709 kcal in CT men) -Higher protein intake per kilo (1.74 ± 0.32 g/kg/day in CT women vs. 1.16 ± 0.23 in C women, P < 0.0001; 1.56 ± 0.36 in CT men vs. 1.22 ± 0.32 in C men, P = 0.03) -Lower nitrogen (7.26 ± 2.36 g/day in CT women vs. 11.41 ± 3.64 in C women, P = 0.003; 9.70 ± 3.85 in CT men vs. 14.14 ± 4.19 in C men, P = 0.02) -Higher essential amino acids urinary excretion After overfeeding: -CTs showed higher positive energy gap than in controls (675 ± 540 in CTs vs. 379 ± 427 in C, P = 0.04).

-Increase in lean mass was induced in both controls genders but not in CTs -Same nitrogen balance after overfeeding (5.06 ± 4.33 g/day in CTs vs. 4.28 ± 3.15 in controls, P = 0.49).

10. The resistance to bodyweight gain (figure 16)

One of the most important clinical findings about CT is their resistance to fat/bodyweight gain. It was first shown through the first CT's overfeeding study, in which eight CT women and eight normal-weight (NW) women (BMI: 18.5 -25 kg/m2) underwent a four-week highfat overfeeding regimen (630 kcal/day) ( N Germain et al., 2014). The gained weight found in normal-weight women (controls) during the first 2 weeks of overfeeding was sustained until the end of the overfeeding period and one month after the end of the overfeeding. However, in CT women, the weight gain appeared to be a transient response as we observed a dramatic decrease in their bodyweight although overfeeding was still present, sort of relapse of thinness. Moreover bodyweight continued to significantly fall by the end of the over feeding period and was eventually significantly lower than baseline. It is of note that this result was in line with clinical studies documented some humans unable to store fat despite overfeeding [START_REF] Levine | Role of nonexercise activity thermogenesis in resistance to fat gain in humans[END_REF].

More recently, the team conducted a second overfeeding study on CT included men and found similar results (Y. Ling et al., 2020a).

For the first time interventions studies on CT demonstrated that CT was the first human model of resistance to weight and fat mass gain.

Interestingly, a study done in Italy, pinpointed at brown adipose tissue, tested in thermoneutral conditions and at fasting state, in 7 CT compared to 24 C women that can be a potential cause to weight resistance possibly through a preferential free fatty acid utilization [START_REF] Pasanisi | Evidence of brown fat activity in constitutional leanness[END_REF]. The psychological profile is a major item in order to differentiate AN from CT. Moreover, with the removal of amenorrhea criterion from definition of AN in DSM-V, differentiation between CT and AN could rely almost only on several psychological criteria (B. Estour et al., 2017).

Therefore, to avoid the misdiagnosis of CT as AN, the following psychological questionnaires were mostly used in literature:

 the Dutch Eating Behavior Questionnaire (DEBQ) developed and validated by (T. Van Strien, Frijters, J. E. R., Bergers, G. P. A., & Defares, P. B. , 1986), then translated and validated in English (Wardle, 1987).

 the Eating Disorder Inventory (EDI) [START_REF] Garner | Scoring the eating disorder inventory[END_REF]  the Eating Disorders Examination (EDE) of Cooper and Fairburn (Cooper and Fairburn, 1987)  The shape questionnaires [START_REF] Jaeger | Body dissatisfaction and its interrelations with other risk factors for bulimia nervosa in 12 countries[END_REF]  and the SCL-90-R (Derogatis, 1992).

Questionnaires conducted in the literature showed significantly higher scores in AN as compared to CT and controls, implying higher food restraints and fear of weight gain (C. Bossu et al., 2007b;Estour et al., 2014;B. Estour et al., 2017;N. Germain et al., 2014b) in line with psychological traits of AN [START_REF] Harrington | Initial evaluation, diagnosis, and treatment of anorexia nervosa and bulimia nervosa[END_REF].

On the contrary, CT displayed similar scores to the controls for most of the items except for food restriction items demonstrating no eating disorders traits. They actually showed a lower restriction for food compared to controls which reinforced the absence of eating disorders and their desire of gaining weight. Similarly, Ling et al. (2016) used the four questionnaires among four groups of CT and controls and men and women, showing similar results (Y. Ling et al., 2016) and for the time in CT men. Finally, the DEBQ showed the highest sensitivity and specificity in distinguishing between CT and AN subjects (figure 17 and 18) (B. Estour et al., 2017). All those questionnaires were created and validated initially in English, then translated in and validated in some other languages included French.

So far we found no Arabic version of eating behavior questionnaires. For example DEBQ which appears to be the most reliable questionnaire, was translated in Turkish but not in Arabic language (Bozan, Bas, & Asci, 2011) The psychological profile of CT women indicated that they wanted to gain weight. Typical psychological profile including food limitation, emotionality, and external excitement was evidence in AN patients but not in CT (data not shown). The psychological profile of CT subjects lacked features commonly observed in AN, which confirms results from previous studies. AN features include dieting and binge eating, lower self-esteem, perfectionism, and body dissatisfaction. To compare CT, AN and controls in terms of biological, anthropometric, and psychological markers to better distinguish AN from CTs.

Food-related behavioral problems were evaluated in all participants using four standard psychiatric questionnaires (C: =54, CT:n=56, R-AN: =40): SCL-90-R (Derogatis, 1992).

The scores for 3 EDE questionnaire subscales were significantly higher in AN compared to CT and Controls, thus reflecting higher food restriction, and increased concern for weight and eating in the AN population.

CT subjects displayed a significant lower Restraint score compared to Controls (the other subscale scores were similar between CT and Control groups) EDI Q: All the EDI subscale scores (except Drive for thinness) were not discriminative between AN and CT -AN subjects displayed:

----higher scores of Drive for thinness than CT subjects and Controls ----higher scores of Ineffectiveness, Perfectionism, Interoceptive awareness and Maturity fears than Controls.

-CT group was similar to Controls in all the subscale scores of this questionnaire. DEBQ :showed a decreased in the Restrained Eating score in CT subjects compared to Controls and AN, without any difference between AN and Controls. No significant difference was observed in Emotional and External eating scores between the three groups.

SCL-90: global severity index showed similar results between AN and CT subjects but significantly higher score in the AN subjects compared to Controls.

II.

Evidence that makes CT a genetic disorder (table 5)

Low body mass without a hormonal explanation and the particular appetite regulation profile suggest a specific genetic profile in CT subjects. Literature data demonstrated that CT individuals express a desire to gain weight and have failed to gain weight after overfeeding trials (Germain et al., 2012;N. Germain et al., 2014b). In other words, CT subjects consult healthcare providers in the perspective to increase body weight with practically no success. So, knowing that CT phenotype is inherited, it is of high importance to identify the mode of transmission implicated in CT in order to understand the mechanisms and heritability of extreme thinness and to be able to improve health conditions in CT populations. Finding the explanation behind this phenomenon might be a step in the treatment of obesity since brown adipose tissue activity in females was positively correlated with RMR corrected for FFM and inversely correlated with respiratory quotient [START_REF] Pasanisi | Evidence of brown fat activity in constitutional leanness[END_REF].

Most studies were conducted by a French team in Saint Etienne. Other research studies were done in Paris-France, Spain and Italy (Table 5). While few studies on CT were conducted worldwide, CT prevalence is rare and still unknown. In Lebanon and Middle East region, no data is currently available. Furthermore, all studies in the literature were performed only on CT women, although CT is prevalent in men also. Furthermore, the sample sizes in the previous studies were small, except for Estour et al, ( 2017) study (B. Estour et al., 2017). So, this Lebanese cohort samplings will integrate a larger cohort of French and Lebanese CT families from both genders for a more precise diagnosis of CT and for understanding the fundamental basis of this resistance to body weight gain.

So far, there are only two studies on constitutionally thin subjects with comparable mean BMIs (Hinney et al., 2007;Scannell Bryan et al., 2014) . A study of 442 patients (Hinney et al., 2007) was only able to detect fat mass and obesity-associated gene (FTO) at genome-wide significance level with rs1121980 (OR = 1.66). Furthermore, a Bangladeshi people study showed a single possible association of an intronic variant in Neurexin 3 gene (NRXN3) (rs12882679, p = 9.57x10 - 7) in thin and malnourished subjects (Scannell Bryan et al., 2014).

Using genome-wide genotype data, healthy constitutional thinness was shown to be a heritable trait (h 2 = 28.07%), similarly to morbid obesity (h 2 = 32.33%) (Riveros-McKay et al., 2019). A negative correlation was shown among healthy thinness and serious childhood obesity (r = -0.49, 95% CI [-0.17, -0.82], p = 0.003), with both sharing some genetic risk loci. However, the genetic overlap between the two traits seemed to be incomplete, as shown by some loci (e.g. cell adhesion molecule 2 CADM2) more robustly associated at one end of the BMI distribution, while others (e.g. melanocortin-4-receptor gene MC4R) had effects along the whole BMI spectrum [START_REF] Geller | Melanocortin-4 receptor gene variant I103 is negatively associated with obesity[END_REF]Hinney et al., 2007;Pigeyre, Yazdi, Kaur, & Meyre, 2016).

To explore the role of variant European BMI associated loci, Fernando Riveros-McKay studied 97 loci from GIANT study [START_REF] Locke | Genetic studies of body mass index yield new insights for obesity biology[END_REF] in persistent thinness vs severe early onset obesity and demonstrated that the percentage of phenotypic variance explained by these loci is less in constitutionally thin individuals (4.33%) compared to obese subjects ( 

III. No Lebanese or Arabic CT cohort (table 6)

Finally, there was up to now no CT cohort in Lebanon. Although few studies on CT were done worldwide, no studies are performed in Lebanon or the Middle East region in general. Research on hormonal, nutritional and psychological profile of CT including a larger sample size from both genders constitutes an opportunity to assess CT in the Middle East. Furthermore, this study would be considered as a base for a multinational comparison of this underweight state. Therefore the objectives of this PhD thesis were to:

1. Validate the Dutch eating behavior questionnaire (DEBQ) in Arabic and to assess factors related to eating behaviors.

2. Calculate the heritability of CT in a sample of French and Lebanese adults and discuss the possible modes of transmission.

3. To perform a literature review in order to compare CT, AN and Obesity in terms of their heritability and inheritance using biological, anthropometric, and psychological markers.

4. To evaluate de nutritional status in a group of Lebanese CT adult by comp arision with a CT group

Introduction

A main principle of nutrition and metabolism relies on the fact that body weight modification entails an inequality between energy input and output (Hall, 2012). Recent studies increasingly implicate genetics as a factor contributing to variations in weight, height and body mass index (BMI) from early childhood to late adolescence [START_REF] Dubois | Genetic and environmental contributions to weight, height, and BMI from birth to 19 years of age: an international study of over 12,000 twin pairs[END_REF]. Twin, family and adoption studies show evidence for genetic influences on differences in BMI, with heritability approximations going from 50% to 90% and attributing remaining differences to environmental effects [START_REF] Dubois | Genetic and environmental contributions to weight, height, and BMI from birth to 19 years of age: an international study of over 12,000 twin pairs[END_REF]Maes, Neale, & Eaves, 1997;[START_REF] Sahibdeen | Genetic variants in SEC16B are associated with body composition in black South Africans[END_REF]. The objective of this review article is to compare Constitutional Thinness (CT), Anorexia Nervosa (AN) and

Obesity in terms of their heritability and inheritance using biological, anthropometric, and psychological markers.

Constitutional thinness VS anorexia nervosa: definitely not two sides of the same coin Constitutional thinness is defined as an underweight condition characterized by a low and stable BMI with possible poor bone quality but normal menstruations, hormonal profile, and feeding behavior (Germain et al., 2007b;Y. Ling et al., 2016;Tolle et al., 2003). CT is often confused with AN. Its etiology and prevalence remain inaccurate and unknown, and most studies have limited their sample scope to women aged between 15 and 30 years old (Estour et al., 2014). CT and AN can be distinguished by distinct psychiatric, hormonal, and energy balance profiles (Table 1).

Research on differentiating AN from CT has gained attention during recent years in order to improve diagnosis and treatment plans. Both conditions share similarly low BMI and low energy expenditure patterns. The resting energy expenditure (REE) estimated using indirect calorimetry is significantly lower in AN and constitutionally thin subjects compared to control subjects (C), however it is slightly lower in AN compared to CT individuals (P=0.932 SRD AN vs. Controls, P=0.773 SRD CT vs. Controls) (Estour et al., 2017). Moreover, AN but not CT subjects demonstrate amenorrhea, irrational fear of weight gain (pocrescophobia), reproductive complications [START_REF] Galusca | Constitutional thinness: unusual human phenotype of low bone quality[END_REF] and abnormal hormone levels (Estour et al., 2014). On the other hand, CT subjects are more prone to bone-related comorbidities with a higher risk of fractures resulting from low bone density (osteopenia) (Estour et al., 2014;[START_REF] Galusca | Constitutional thinness: unusual human phenotype of low bone quality[END_REF]. Hormonal abnormalities in AN are more pronounced than in CT as it is common in eating disorders such as bulimia and anorexia nervosa with unhealthy weight loss strategies. The hormonal profile of an AN subject evidently shows the presence of several under-nutrition and aberrant metabolism markers including low free-total triiodothyronine (T3) (Chopra & Smith, 1975;Kiyohara et al., 1989), low insulin-like growth factor 1 (IGF-1), high growth hormone (GH) [START_REF] Cabranes | Somatomedin-C and growth hormone levels in anorexia nervosa in relation to the puberal or post puberal stages[END_REF], blunted leptin reflecting reduced fat mass (J. [START_REF] Hebebrand | Plasma concentrations of obese protein in anorexia nervosa[END_REF], high cortisol, high adrenocorticotropic hormone (ACTH) and low reproductive markers including steroids and gonadotropins hormones such as 17β-estradiol (17 β E2), luteinizing hormone (LH), and folliclestimulating hormone (FSH) (Estour et al., 2014). These markers are normal in CT subjects with the exception of leptin which is reduced but still notably higher than AN cases (Tolle et al., 2003).

Free T3 and leptin have the highest sensitivities and specificities in categorizing AN and CT (Estour et al., 2017).

The inheritance of constitutional thinness: at opposite poles with obesity?

Unlike obesity shaped predominantly by environmental and psychogenic factors, CT is a rare condition of naturally low body weight. CT subjects don't show any markers for under-nutrition or eating disorders; on the contrary, most of them desire to gain weight. From a psychological perspective, CT could be considered the opposite of obesity, where a number of patients desire and struggle with weight loss programs.

The obesity epidemic is partly explained by an obesogenic and sedentary lifestyle with abundant and easy food access and low physical activity. Although CT can be considered the opposite of obesity due to its natural and hereditary state (Germain et al., 2007b;Tolle et al., 2003;1995), some cases of obesity appear to be idiopathically resistant to both low calorie diets and drug intervention methods without any pathophysiological explanation so far [START_REF] Sacks | Comparison of weight-loss diets with different compositions of fat, protein, and carbohydrates[END_REF].

Studies addressing the inheritance of obesity, AN and CT are summarized in tables 2, 3 and 4 respectively. Obesity is a medical condition in which excessive fat accumulation may cause adverse effect on health. This is a result of interaction between genetic, environmental and behavioral factors (Cardon, Carmelli, Fabsitz, & Reed, 1994). Multivariate genetic analyses of a twin study conducted among 133 monozygotic and 129 dizygotic pairs of elderly white male, aged between 59 to 70 years, indicated a significant heritability for fat variables (Cardon et al., 1994).

In addition, heritability of obesity in siblings (age ≤55 years) with or without early-onset hypertension showed a genetic link between obesity and hypertension [START_REF] Pausova | Heritability estimates of obesity measures in siblings with and without hypertension[END_REF] , with heritability ranging from 40% to 70% in hypertensive (HPT) siblings and from 0% to 32% in non-hypertensive (non-HPT) siblings [START_REF] Pausova | Heritability estimates of obesity measures in siblings with and without hypertension[END_REF]. Furthermore, 50 large consanguineous families in Roma studying anthropometric traits related to obesity showed heritable components (p < 0.01) for waist to hip ratio (WHR) higher than other family-based studies (Poveda, Ibanez, & Rebato, 2012).

Also, a cross-sectional family based study conducted on 769 families in Iran, showed that Tehran families are genetically predisposed to obesity (Farhad, Sadat, & Daneshpour, 2014 ). Last, different degrees of heritability were noticed in a sample of 875 young adults recruited with wide BMI range where high heritability (h 2 ) for BMI (73%) and various heritability values for BMIassociated brain regions [START_REF] Weise | The obese brain as a heritable phenotype: a combined morphometry and twin study[END_REF].

Recent studies showcase the opposite profiles and characteristics of CT versus obese patients such as the levels of gut hormone involved in energy homeostasis (Bloom, 2007). In obese patients, orexigenic ghrelin is low and increases after a diet-induced weight loss, while reduced/blunted anorexigenic peptides such as peptide YY (PYY) and glucagon-like peptide 1

(GLP-1) increase after gastric by-pass surgery (le Roux et al., 2006;[START_REF] Ranganath | Attenuated GLP-1 secretion in obesity: cause or consequence?[END_REF][START_REF] Verdich | The role of postprandial releases of insulin and incretin hormones in meal-induced satiety--effect of obesity and weight reduction[END_REF]. On the other hand, ghrelin is within the normal range and PYY is high in the circadian profile of CT subjects (Germain et al., 2007b). This anorexigenic hormone profile could be considered as a constitutive and physiological factor integrating the underweight steady state of CT despite living in the current obesogenic environment [START_REF] Germain | Ghrelin/obestatin ratio in two populations with low bodyweight: constitutional thinness and anorexia nervosa[END_REF]. Few studies controversially reported that thinness could to be a trait that is at least as stable and genetically heritable as obesity (C. M. Bulik & D. B. Allison, 2001; P. M. Laskarzewski et al., 1983). A UK study of 7,078 children and adolescents correlated the body weights of parents as the strongest predictor of thinness in children and adolescents (K. L. Whitaker et al., 2011). When both biological parents were thin, the prevalence of thinness was highest (16.2%), while it gradually decreased with normal weight and overweight or obese parents (K. L. Whitaker et al., 2011).

(Table 4)

Associating genetic etiology to thinness and obesity can be controversial, especially when taking into account the approach of genotyping as a substantial methodological difference exists between genome-wide association study (GWAS) population-based and family-based sequencing studies. In GWAS, numerous individuals are pooled solely based on their phenotype and compared to a control group. As a result, one can expect to find frequent genetic variations (polymorphisms) leading to small variations within the phenotype, particularly of the qualitative and polymorphic type. The cumulative effect of the approximately 100 BMI-associated loci identified in the Japanese GWAS study (Akiyama et al., 2017) explains less than 3% of the variance with most of the odds ratios for each locus scoring less than 1.2.

So far, there are only two studies on constitutionally thin subjects with comparable mean BMIs (Hinney et al., 2007;Scannell Bryan et al., 2014) . A study of 442 patients (Hinney et al., 2007) was only able to detect fat mass and obesity-associated gene (FTO) at genome-wide significance level with rs1121980 (OR = 1.66). Furthermore, a Bangladeshi people study showed a single possible association of an intronic variant in Neurexin 3 gene (NRXN3) (rs12882679, p = 9.57x10 - 7) in thin and malnourished subjects (Scannell Bryan et al., 2014).

Using genome-wide genotype data, healthy constitutional thinness was shown to be a heritable trait (h 2 = 28.07%), similarly to morbid obesity (h 2 = 32.33%) (Riveros-McKay et al., 2019). A negative correlation was shown among healthy thinness and serious childhood obesity (r = -0.49, 95% CI [-0.17, -0.82], p = 0.003), with both sharing some genetic risk loci. However, the genetic overlap between the two traits seemed to be incomplete, as shown by some loci (e.g. cell adhesion molecule 2 CADM2) more robustly associated at one end of the BMI distribution, while others (e.g. melanocortin-4-receptor gene MC4R) had effects along the whole BMI spectrum [START_REF] Geller | Melanocortin-4 receptor gene variant I103 is negatively associated with obesity[END_REF]Hinney et al., 2007;Pigeyre et al., 2016).

To explore the role of variant European BMI associated loci, Fernando Riveros-McKay studied 97 loci from GIANT study [START_REF] Locke | Genetic studies of body mass index yield new insights for obesity biology[END_REF] in persistent thinness vs severe early onset obesity and demonstrated that the percentage of phenotypic variance explained by these loci is less in constitutionally thin individuals (4.33%) compared to obese subjects (10.67%) [START_REF] Riveros-Mckay | Genetic architecture of human thinness compared to severe obesity[END_REF]. Further, the effect of an increase/decrease in the BMI genetic risk score was much Family, twin and adoption studies have revealed that 40-70% of the variation in weight can be caused by heritable factors (Allison et al., 1996). The h 2 for reared apart monozygotic twins (MZAs) is provided by the twin pair correlation. The zero-order correlation of twins' BMIs for the transformed data was 0.85 for the 'archival' twins, 0.79 for all twins, 0.73 for the Japanese twins and 0.63 for the Finnish twins. Upon regression to control for relevant covariates, the h2 value is either 0.50 or 0.70, depending on one's definition. After controlling the covariates, the semipartial r was 0.50, indicating that 50% of the overall variance in BMI seems to the genetic in origin.

The partial r was 0.70, showing that 70% of the difference in BMI that is not explained for by the covariates can be documented to genetic variation. Separation age had a slight positive correlation with absolute intra-pair difference in BMI, demonstrating that these h2 estimates are not biased up due to primary common environment (Riveros-McKay et al., 2019).

Along the line of sequencing, the concept of heritability also comes into play in trying to identify genetic attributes behind obesity and thinness. The magnitude of heritability estimates depends on the genetic population used, the sample size and the method. Common methods include the variance component method and parent-offspring regression.

To address the inheritance of AN (table 3), primary familial studies showed an excess of eating disorders in first-degree relatives of anorexic individuals. Based on the 10 uncontrolled family studies summarized in the table above, the heritability varied between 0.5 and 10%. [START_REF] Gershon | Clinical findings in patients with anorexia nervosa and affective illness in their relatives[END_REF]Grigoroiu-Serbanescu, Magureanu, Milea, Dobrescu, & Marinescu, 2003;[START_REF] Halmi | Comorbidity of psychiatric diagnoses in anorexia nervosa[END_REF]Herpertz-Dahlmann, 1988;Holland, Sicotte, & Treasure, 1988;Jacobs, 1990;[START_REF] Lilenfeld | A controlled family study of anorexia nervosa and bulimia nervosa: psychiatric disorders in first-degree relatives and effects of proband comorbidity[END_REF][START_REF] Stern | Psychoactive substance use disorder in relatives of patients with anorexia nervosa[END_REF]Strober, Freeman, Lampert, Diamond, & Kaye, 2000;Strober, Morrell, Burroughs, Salkin, & Jacobs, 1985;Thornton, Mazzeo, & Bulik, 2011). According to Hoek 1993, those numbers were higher than the ones expected in the general population. It's normally around 0.1% [START_REF] Hoek | A review of exposure assessment methods for epidemiological studies of health effects related to industrially contaminated sites[END_REF]. Six controlled family studies suggested greater heritability of AN in the families of affected proband compared to the families of the controlled one (Table 3),

whether the proband has no psychiatric disorder or has psychiatric morbidity but without eating disorder. Only one negative controlled study had no affected cases in the relatives of 17 anorexic probands, maybe due to the small sample size. Taking these samples together, there is a significantly higher frequency of AN in first-degree relatives of anorexic individuals (3.22%) than in the relatives of controlled subjects (0.02%), (OR = 15.6; 95% CI 4.73-5.13) (Coughlin, Benichou, & Weed, 1994). Even though there is no evidence of genetic variability between relatives, several studies attempted to evaluate the heritability in the narrow sense on the basis of family aggregation studies. Using Falconer's method (Falconer, 1967), heritability in the narrow sense is around 0.72 (standard deviation = 0.06).

Signaling pathways linked to obesity, AN and CT

Studies have addressed many components of the neuroendocrine regulation over body weight dynamics (Barsh & Schwartz, 2002;Friedman & Halaas, 1998;Saper, Chou, & Elmquist, 2002;Spiegelman & Flier, 2001). Leptin and ghrelin serve as major indices and regulators of energy sufficiency [START_REF] Batterham | Gut hormone PYY(3-36) physiologically inhibits food intake[END_REF][START_REF] Levin | Brain glucosensing and the K(ATP) channel[END_REF]) (Figure 1 

Conclusion

To our knowledge, very few genetic studies testing thin and healthy individuals were performed.

To date, there are only two studies conducted on subjects with low BMIs compatible with CT which tried to identify the genetic determinants behind BMI. Many studies showed that CT is similar to obesity as a heritable trait with a polygenic component. Despite the fact that low body mass index plays an important role in a broad range of physiological, psychiatric and metabolic complications, CT pathology remains poorly researched and understood. CT subjects currently still seek medical care in the objective of increasing body weight with practically no success. More studies are needed to elucidate which genes may have an effect on CT inheritance as its etiology remains elusive.

Figure1: Pathways involved in energy balance [START_REF] Gorwood | New Insights in Anorexia Nervosa[END_REF][START_REF] Yagi | The role of ghrelin, salivary secretions, and dental care in eating disorders[END_REF]Zigman & Elmquist, 2003). 
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Background

The World Health Organization (WHO) defined bodyweight stages from severely underweight to morbid obesity (Organization, 1995). This scale was based on the Queletet index postulated by Adolphe Quetelet in 1832 and later termed as body mass index (BMI) in 1972.

Constitutional thinness (CT) is defined as an underweight condition characterized by a low and stable BMI with normal hormonal profile, menstruation and feeding behavior (Germain et al., 2007b;Y. Ling et al., 2016;Tolle et al., 2003). CT is usually confused with anorexia nervosa (AN).

They can be distinguished by different psychiatric, hormonal and energy balance profiles. CT and AN share similar low BMI and low energy expenditure patterns. On the other hand, WHO classifies obesity in terms of fat distribution via the waist-hip ratio (WHR) and total cardiovascular risk factors.

Family and twin studies were among the first lines of evidence documenting that AN runs in families. Family studies showed that first-degree relatives of probants with AN have about tenfold greater risk of having AN than relatives of unaffected people (Lilenfeld et al., 1998;Strober et al., 2000). In addition, Bulik (C. M. Bulik & D. B. Allison, 2001) conducted a large Swedish twin study in 2006 and found that heritability (h 2 ) of AN was around 56% (95% CI: 0.00-0.87), with the remaining variance attributable to shared environment [h 2 = 5% (95% CI: 0.00-0.64)] and unique environment [h 2 = 38% (95% CI: 0.13-0.84)]. On the other hand, family, twin and adoption studies have shown that 40-70% of the variation in body weight can be related to heritable factors (Allison et al., 1996).

Studies on obesity demonstrated that concordance (susceptibility) for obesity decreased in parallel with the degree of similarity (relatedness), indicating a genetic element in obesity predisposition. For example, the susceptibility rate between monozygotic twin pairs was more than twice that of dizygotic pairs (0.68 vs 0.28) (Poulsen, Vaag, Kyvik, & Beck-Nielsen, 2001;Wardle, Carnell, Haworth, & Plomin, 2008). In contrast, in adoptee studies, the BMI of the probant was linked to the biological parents' BMI, this shows the role of the genetic factors over the common familial setting (Moll, Burns, & Lauer, 1991;Stunkard et al., 1986). The high heritability for obesity measures indicated the role of genetics in increasing the risk of obesity, for instance the h 2 for BMI was 40-70 % (P. K. Magnusson & F. Rasmussen, 2002), skinfold thickness was 77% (Selby et al. 1989), waist circumference (WC) was 76% (Rose, Newman, Mayer-Davis, & Selby, 1998;Wardle et al., 2008), and WHR was 45% (Rose et al., 1998).

Few studies have shown that thinness could be a trait that is as constant and genetic as obesity (C. M. Bulik & D. B. Allison, 2001; P. M. Laskarzewski et al., 1983). A UK study of 7,078 children and adolescents, demonstrated that the strongest predictor of thinness in children and adolescents was body weight of parents (K. L. Whitaker et al., 2011). When both parents were thin, the prevalence of thinness was highest (16.2%), whereas with normal bodyweight parents, overweight or obese prevalence decreased gradually (K. L. Whitaker et al., 2011). Growth curve analysis of CT individuals showed that their bodyweights remain in the lower percentiles for gender and ethnicity throughout their lifetime (C. Bossu et al., 2007b). These observations are further strengthened by family trees analysis where significant familial aggregation are noted (C. Bossu et al., 2007b).

Rationale of the study

The etiology of CT is not well understood. Recently, a study conducted on 1471 thin and healthy individuals showed a heritability of 28% for healthy thinness, and identified 15 loci associated to healthy thinness using GWAS, collectively explaining less than 5% of the variance of BMI in CT (Riveros-McKay et al., 2019). Knowing that CT phenotype may be inherited, it is of high importance to study the heritability in CT in order to understand the mechanisms of extreme thinness and to be able to improve health conditions in CT populations.

As gene-environment interaction is possible, it is necessary to identify the genetic variants that may predispose CT individuals to thinness. For this reason, it would be of interest to be the first to assess this association in a sample of French and Lebanese adults for a more precise diagnosis of CT and for understanding the fundamental basis of this resistance to body weight gain. Further research studies are needed to examine the role of genetics in CT development. In this article,

we report the first study on the familial architecture of CT. Based on French and Lebanese families, the objectives of this study are to calculate the heritability of the trait and discuss the possible modes of transmission. We hypothesized that 1) CT traits tend to cluster or aggregate in the same families (parents, siblings or children) through genetic influence, 2) CT is a familial disorder and 3) CT expression is a common transmissible factor.

Materials and Methods

The French population A total of 250 subjects (parents, probants, siblings and children), 202 relatives (without probant)

and 47 relatives affected (without probant) were recruited from CHU Saint Etienne from admitted CT patients showing a very low BMI and consulting for bodyweight gain desire. So, these subjects want to gain weight and often consult in this perspective.

The Lebanese population

A total of 71 subjects (parents, probants, siblings and children), 57 relatives (without probant), 7

relatives affected (without probant) were recruited from the local community via emails, social medias (Facebook and Instagram) or by direct contact with hospitals, clinics and universities.

Inclusion criteria

CT subjects aged between 18-35 years old included in our study, were recruited among outpatients adults consulting for bodyweight gain desire. They met the following criteria: 1) BMI between 13 and 17.5 kg/m 2 for women; BMI between 13 and 18.5 kg/m 2 for men, 2) presence of menses in women and stable bodyweight for post-pubertal period for at least 3 months 3) normal nutritional markers including normal albumin and pre-albumin, and normal thyroid stimulating hormone (TSH), free tri-iodothyronine (FT3), estradiol, cortisol and insulin-like growth factor 1 (IGF-1) and non-blunted leptin 4) absence of AN traits or other eating disorders, features confirmed by psychiatric clinical evaluation and validated psychological scales/questionnaires.

Exclusion criteria

Nine criteria excluded CT subjects from the study: 1) being anorexic, 2) being bulimic, 3) suffering from major depression (patient health questionnaire-9: PHQ-9>10), 4) smoking more than 5 cigarettes a day, 5) doing intense physical activity more than 7 hours/week, 6) taking oral contraceptives and/or medications, 7) suffering from a chronic or a congenital disease, 8) being on a diet, 9) having a pacemaker or metal pieces in the participant's body, and 9) having RMR less than 700 Kcal/day in women and lower than 900 Kcal/day in men. Those who were eligible to participate were asked to sign an informed consent form to both participate in the study and conduct genetic analysis.

Ethical approval

Prior to the initiation of the study, the protocol was approved by the local research and ethics committee of Saint-Etienne -France and the Institutional Review Board of Notre Dame University Louaize -Lebanon. The study was conducted in accordance with the ethical standards laid down in the 1964 Declaration of Helsinki and its later amendments.

Pedigree XP

Pedigree XP (PC PAL, version 2.1) from CHU de Saint Etienne was used to automatically chart family health history of CT, identify familial risks for this trait and reveal important genetic factors for constitutionally thin subjects. More family members could be added later to complete the family history, and CT patients were marked as "Affected", while non-affected (tested normal)

individuals were marked as "Healthy (tested)".

Results

Pedigree analysis of constitutional thinness in the French population

The phenotype of a recessive disorder is usually determined by homozygosity for a recessive allele, and the normal phenotype is determined by a dominant allele. When both male and female phenotypic proportions are equal, an autosomal inheritance and not X-linked inheritance is more likely. When CT is a recessive phenotype; CT is determined by a recessive allele (c), and the normal condition is dominant (N). Therefore, constitutionally thin people are of genotype c/c, and unaffected people are either N/N or N/c. Such inheritance appears in the progeny of unaffected parents and affected progeny include both males and females equally. Pedigrees 3 and 4 illustrate the key point that affected children born to unaffected parents, a pattern consistent with a recessive autosomal trait. Also, both parents must be heterozygotes, N/c. Both must have a 'c' allele because each contributed one to each affected child, and both must have an 'N' allele because the people are phenotypically normal.

Pedigree analysis of constitutional thinness in the Lebanese population

CT trait affects only one individual in the majority of Lebanese families (11/14 families). These are considered as sporadic cases, from whom one cannot establish a valid hypothesis regarding the potential mode of transmission. Complex de novo, autosomal dominant with reduced penetrance and even environmental origins are equally possible.

In other words, the existence of a single individual affected in a family, i.e. an apparently sporadic case, is not enough to suspect a CT trait. Since there is no consanguinity in these families, an autosomal recessive inheritance cannot be confirmed. Concisely, the family trees are not suggestive enough of Mendelian traits. Larger families with more affected individuals would be more suggestive. One could also imagine that in these apparently sporadic CT individuals, there is a de novo genetic variant to be found.

On the other hand, in case of a rare recessive allele, most of these alleles will be found in heterozygotes, not in homozygotes. The reason is a matter of probability: to conceive a recessive homozygote, both parents must have had the c allele, but to conceive a heterozygote all that is necessary is one parent with the allele. The formation of an affected individual usually depends on the chance union of unrelated heterozygotes, and for this reason the pedigrees of autosomal recessives look rather bare, generally with only siblings of one cross affected.

Calculation of heritability

The narrow sense heritability is the proportion of trait variance that is due to additive genetic factors. The most common method in the literature used for determining heritability in categorical trait is Falconer's formula, this model assumes that additive genetic and environmental factors determine the disease liability. h 2 is calculated in this study based on D.S.

Falconer formula for first degree relatives, assuming that the incidence of CT in the general population is 1% (Falconer, 1967). The reported heritability of the French and Lebanese population showed that constitutional thinness is a heritable trait.

Heritability of constitutional thinness in the French population

Discussion

In this study, the calculation is concordant with previous data on heritability of thinness. The 34 to 44% heritability of CT found in this cohort is considered high. This could reflect a complex or oligogenic trait rather than a mendelian trait. However, CT trait transmission could vary between families. As a result, CT could be inherited as a complex trait in some families, while in others it might be transmitted as a mendelian trait.

Starting 2019, the newest and largest GWAS conducted by Riveros-McKay, compared the genetic trait of healthy thin subjects with that of severe early onset obesity (Riveros-McKay et al., 2019).

This latter showed that persistent thinness and severe early onset obesity are both heritable traits (h 2 = 28.07% and h 2 = 32.33%, respectively). They share a number of associated loci, and both are enriched for established BMI associated loci (binomial p= 3.05x10-5 and 9.09x10-13, respectively) (Riveros-McKay et al., 2019). It indicates that some of the genes responsible for persistent thinness are the same as those responsible for extreme obesity, and that some are different. The findings are in favor of an additive effect of multiple genetics factors contributing to the BMI phenotype, suggesting a complex trait rather than a mendelian trait. A major limitation of this study is the limited phenotyping of the affected individuals in the STILTS cohort, compared to the phenotyping of CT individuals in our study.

To shed the light, there is a huge methodological difference between a GWAS population-based study and a family-based sequencing study. In a GWAS, numerous individuals are pooled based on their phenotype, and compared to controls. As a result, one can expect to find frequent genetic variations (like polymorphisms for example) contributing to small variations in the phenotype. For instance, the cumulative effect of the approximately 100 BMI-loci identified in the Japanese GWAS study (Akiyama et al., 2017) showed less than 3% of the variance. And most of the odds ratios for each locus is less than 1. The concept of heritability can be expressed in the form of the following question: "what is the proportion of the variation in a given trait within a population that is not explained by the environment or random chance?" The magnitude of heritability estimates depends on the genetic population used, the sample size and the method. Common methods include the variance component method and parent-offspring regression. But, these two methods are not used in family pedigrees of anorexic probants and obese subjects. For qualitative trait, h 2 has been used.

In the literature, most traits have a heritability somewhere between 20 and 80%. Heritability close to 100 indicates that almost all of the variability comes from genetic factors, with very little contribution from environmental factors. In our research, future studies of genome analysis of constitutionally thin people suggest that genetic factors play an important role in the development of this trait. Given that pedigrees have shown that CT phenotype is highly heritable (34-44%). So, we hypothesize that a large portion of the genetic risk of CT is yet to be discovered and gives rationale for additional genetic studies of CT. This could suggest that CT is caused by a mutation in single gene such as phenylketonuria (high heritability) proposing that its heritability is strongly influenced by genetics. On the other hand, most complex traits in people, such as intelligence and multifactorial diseases and traits like obesity and anorexia nervosa, have heritability somewhere in the middle, suggesting that their variability is due to a combination of genetic and environmental factors.

The family pedigree showed the transmission of CT phenotype from one generation to another and significant ratio of chromosome 16p11.2 region duplications was seen in lean patients with autism or schizophrenia (Jacquemont et al., 2011).

Till now the association between genetics and CT prevalence is not extensively examined in the literature. To our knowledge, there are only two other studies who worked on thin subjects with comparable mean BMIs (Hinney et al., 2007;Scannell Bryan et al., 2014). configuration; age group, mental status and eating patterns and determine whether the current findings vary with culture.

Keywords: DEBQ, psychometrics, eating disorders, eating behavior, psychological questionnaire, validation.
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Background

Predisposition to overweight and obesity can be attributable to genetic, metabolic, physiological, behavioral and psychological factors (Blundell & Finlayson, 2004). At the behavioral and psychological levels, three theories namely psychosomatic theory (Bruch, 1964;Kaplan & Kaplan, 1957), externality theory (Schachter, Goldman, & Gordon, 1968) and restrained theory (Polivy, Herman, Younger, & Erskine, 1979) have been elaborated to explain why people overeat and how this may lead to obesity. Actually, eating behaviors influence individuals' food choices and body weight (Norris et al., 2014;Qi, 2014), and may play a crucial role in the development of obesity.

These theories require a valid and reliable scale to assess and quantify factors associated with eating behaviors. The Dutch Eating Behavior Questionnaire (DEBQ) was developed by Van Strien and Oosterveld (1986) to measure three eating behaviors in adults: emotional eating, restrained eating and external eating (T. Van Strien, Frijters, J. E. R., Bergers, G. P. A., & Defares, P. B. , 1986).

First, emotional eating is explained by the psychosomatic theory of Bruch in 1964 as the tendency of eating in response to stressful feelings, even when not experiencing physiological signs of hunger and satiety (Kaplan & Kaplan, 1957). A growing body of research found that emotional eating is a risk factor for developing anorexia nervosa (AN), bulimia nervosa (BN) (Ricca et al., 2012) and obesity (Striegel-Moore et al., 1999). Adults who are obese are more involved in emotional eating than non-obese persons (Geliebter & Aversa, 2003;Ricca V, 2009;T. van Strien, Herman, & Verheijden, 2009). Second, restrained eating is described by the restraint theory of Herman & Polivy, 1975; it suggests that people who are attempting to lose or maintain their weight restrain or avoid eating by suppressing their internal hunger, defined as the physiological signal associated with an empty stomach that triggers the person to eat. It is known that an eating disorder (ED) can create distorted thoughts about food including: eating type and amount of food eaten. So, internal hunger cues can be misconstrued as being a sign of safety or possibly self-control (Herman & Mack, 1975). Third, external eating is defined by the externality theory of Schachter & Rodin, 1971; it assumes that people with external eating have an increased reactivity when they are exposed to food, which in turn increases the likelihood of overeating in response to external signals, such as sight or smell of food. (Schachter, 1971).

The DEBQ consists of 33 questions with 5 possible answers (never (l), seldom (2), sometimes (3), often ( 4) and very often ( 5)). "Not relevant", is included in all items because some persons never experience a particular feeling or never eat too much. This instrument has been extensively used, and has proven to be a useful and reliable tool (Braet et al., 2008;T. Van Strien, Frijters, J. E. R., Bergers, G. P. A., & Defares, P. B. , 1986;T. van Strien et al., 2009). The emotional eating scale contains 13 items (e.g. "Do you have the desire to eat when you are irritated?"), the restrained scale contains 10 items (e.g. "Do you deliberately eat less in order not to become heavier?") and the external eating scale has 10 items (e.g. "Do you eat more than usual when you see others eating?"). The original DEBQ was validated and translated to 6 languages, including English (T.

Van Strien, Frijters, J. E. R., Bergers, G. P. A., & Defares, P. B. , 1986), French (Lluch et al., 1996),

Portuguese (Viana, 2003), Turkish (Bozan et al., 2011), Spanish (Banos et al., 2011;Cebolla, Barrada, van Strien, Oliver, & Banos, 2014), Italian (Dakanalis et al., 2013), and Chinese (Wu, Cai, & Luo, 2017). All of these versions report a stable factor structure, high internal consistency, good reliability and validity. So far, the DEBQ has not been translated and validated in Arabic language.

The prevalence of ED is increasing worldwide. In a systematic review of 94 studies with accurate ED diagnosis, the means of lifetime ED were 8.4% for women and 2.2% for men and the means of point prevalence were 5.7% for women and 2.2% for men. For instance, the prevalence of ED ranges from 2.2% in Europe to 3.5% and 4.6% in Asia and America, respectively [START_REF] Zeeni | Eating Disorders in Lebanon: Directions for Public Health Action[END_REF]. Over the study period, the weighted mean prevalence of ED increased from 3.5% for the 2000-2006 period to 7.8% for the 2013-2018 period [START_REF] Zeeni | Eating Disorders in Lebanon: Directions for Public Health Action[END_REF].

In Lebanon, a research by Zeeni et al., showed that among 104 patients 46.1% had BN, followed by AN (39.4%) and binge eating (14.4%). The majority of patients seeking treatment were females (88.5 %) aged between 10 and 50 years with a mean age of 27.3 ± 1.2 years. (Zeeni, Safieddine, & Doumit, 2017). Studies performed on Lebanese University students demonstrated a common desire to become thinner; Afifi-Soweid et al. found that 37.7% of participants were trying to lose

weight and what's alarming is the finding that 13% and 36% of underweight and normal weight respectively were trying to lose weight [START_REF] Afifi-Soweid | Preoccupation with weight and disordered eating behaviors of entering students at a university in Lebanon[END_REF]. In addition, Khawaja et al. reported that 52.9% of women and 24.5% of men wanted to lose weight. Among the overweight, most men (62%, 95%CI: 0.53 to 0.71) and almost all women (96%, 95%CI: 0.80 to 0.99) expressed a desire to lose weight [START_REF] Khawaja | Images of body weight among young men and women: evidence from Beirut, Lebanon[END_REF]. Moreover, the proportion of students stating high alertness about caloric content of foods was 26.8% and those who refused some specific foods was 6.9% (Afifi-Soweid, Najem Kteily, & Shediac-Rizkallah, 2002;Khawaja & Afifi-Soweid, 2004). Also, 8% of students reported taking laxatives and 4% reported taking diet pills (Yahia, El-Ghazale, Achkar, & Rizk, 2011). Additionally, a cross-sectional study of 2,013 students aged 21.0 ± 2.37 years, showed that 10.8% used induced vomiting, 12.4% take laxatives and diet pills, 56% followed diet programs and 66% of Lebanese university students get involved in physical activities to lose weight (Tamim et al., 2004). Also Doumit et al. (2017) reported that 21.2% of 949 Lebanese female students of which 59.5% were sophomores, 12.26% were freshman, 15.77% were juniors, and 11.65% were seniors, were susceptible to developing an ED and 11.4% had been detected by a health professional with AN, BN or binge eating (Doumit et al., 2017). Finally, a cross-cultural study among 198 Lebanese students and 200 Cypriot students aged between 17 to 25 years indicated that both Lebanese and Cypriot youth females worried about their weight; however socio-cultural effects on body image, self-perception, emotional and external eating were more common in Lebanese students despite the fact that Cyprus is a European nation and has higher exposure to Westernization (Zeeni, Gharibeh, & Katsounari, 2013). For instance, Lebanese students had higher scores in emotional eating (3.98, p < 0.001) and external eating (3.46, p = 0.001). However, there was no significant difference between the restraint eating scores of the two cultures. Because of the importance of ED assessment in understanding the nature and scope of psychological problems in Lebanon, DEBQ Arabic questionnaire was developed.

DEBQ is the main assessment tool that evaluates and assesses the presence of eating behaviors in a research setting. According to Estour et al. (2017), the receiver operating characteristic (ROC) curves of free triiodothyronine (T3), mean leptin, DEBQ restraint eating and eating disorder examination (EDE) weight concern showed poor sensitivity and specificity in differentiating constitutionally thin (CT) and AN patients, except for the DEBQ restrained eating subscale score.

In other words, DEBQ showed the highest sensitivity and specificity in distinguishing between CT and AN subjects (B. Estour et al., 2017).

The aim of this paper was to validate the Arabic version of DEBQ and to assess factors related to eating behaviors in a sample of Lebanese adults in a private Lebanese institution.

factor analysis using varimax rotation. The association between the AR-DEBQ questionnaire and the different variables considered as risk factors was assessed using Pearson Chi-square and Fisher's exact test for categorical variables. These variables included age, gender, residency, education, smoking status, alcohol consumption, diet, exercise, and BMI.

Results

Participants' selection

Among 600 contacted students, 420 accepted to participate and were screened for eligibility.

Exclusion criteria included presence of chronic medical condition, pregnancy, lactation and failure to complete the questionnaire. Those who were found to be eligible (n=389) were asked to sign an informed consent form and then contacted by the study investigators to arrange for a 30-minute appointment (Figure 1). 

Sample characteristics

A total of 389 students (52.2% male and 48.8% female) with a mean age 20.5 ±2.0 years participated in the study. The sample's characteristics are summarized in Table 1. Almost all participants were single (99.7%), the majority lived in urban areas (75.5%) and 97.2% were undergraduates. The lifestyle variables revealed a majority of non-smokers (71.4%) and a predominance of no special diet (82.5%), 43.7% did not exercise and 59.3% did not drink alcohol.

The majority of the subjects (61.9%) were of normal BMI and all the participants did not suffer from any chronic medical condition.

"Insert Table 1"

DEBQ validation

Exploratory Factor Analysis (EFA) was used to reduce the number of the DEBQ questions and to study its principal components. After varimax orthogonal rotation, questions 9, 14, 15, 20 and 22 were removed for showing a high correlation with other items (ρ>0.7), in addition questions 6, 7, 24, 26, 27, 28, 29, 31, 32 and 33 were removed for showing a not significant correlation with the remaining items (p>0.05).

The AR-DEBQ questionnaire consisted of 18 questions. The Kaiser-Meyer-Olkin (KMO) presented a value close to 1 (0.883) and the Bartlett test was significant (p < 0.001), showing a suitable data for reduction; the overall model was good. All the values in the anti-image correlation matrix were above 0.8. As for the principal component analysis, three components explained 56.5% of the DEBQ variance as shown in the scree plot (Figure 2) and the scatterplot (Figure 3). The rotation component matrix showed three components with loads >0.479; the first factor is formed of 9 items and represents "Emotional eating", the second consists of 7 questions and symbolizes the "Restrained eating", as for the third it stands for "External eating" and is composed of two items.

Finally, Cronbach alpha was measured for the three components Emotional eating, Restrained eating and External eating of the AR-DEBQ questionnaire and showed a high level of internal consistency for our scale (0.907, 0.811 and 0.508 respectively) (Table 2).

"Insert Table 2"

AR-DEBQ description

The mean of the total AR-DEBQ score was 50.5 ± 18.1; emotional eating scored a mean of 24.5 ± 11.8, the restrained eating showed an average of 19.7 ± 8.9, and the mean of the external eating was 6.4 ± 2.3 (Table 3).

"Insert Table 3"

Factors associated with emotional eating

Table 4 summarizes the socio-demographic, lifestyle and anthropometric variables associated with tertiles of emotional eating, retrained eating and external eating. Age, residency, education, smoking status, exercise, and BMI showed no significant association with the three different components.

Females had significantly higher score of emotional eating than males (39.8% and 23.3% respectively, p<0.001). Participants who drank alcohol were less emotional eaters than those who did not drink (29.9% and 38.7% respectively, p=0.041), however, they had higher scores of external eating (36.9% and 23% respectively, p=0.011). In addition, subjects who were following a diet were significantly more restricted eaters than those who are not dieting (63.2% and 25.9% respectively, p <0.001).

"Insert Table 4"

Discussion

The main aim of this study was to assess the internal structure of the Arabic version of the DEBQ and evaluate the instrument's validity and reliability among Lebanese adults. To our knowledge, this was the first study validating the Arabic form of DEBQ. When comparing the Dutch and the Arabic versions of the DEBQ several similarities were found. The face validity, expressed by the acceptability and the overall understanding of the questions, was reasonably good since all participants filled the questionnaire in the presence of the study investigators.

Completion of the DEBQ was self-administered and relatively easy. The presence of three ED factors (emotional, restrained and external eating) displayed a good factorial validity in adults.

Thus, the three eating behaviors scales adapted in the Arabic version of DEBQ were close to the Dutch version. Wardle (1987) also demonstrated the same three factors in her validation of the English version (n=188 students in three higher educational institutions, mean age 22.3 ± 6.3 years) (Wardle, 1987).

The high Cronbach's alpha coefficients found in our study (0.907 for Emotional eating, 0.811 for Restrained eating and 0.508 for External eating) showed an elevated internal consistency (> 0.80 cut off for adequate consistency) (Tabachnick, 2007). Similarly, Cronbach's alpha values in Cobella 2014 study were high for the three subscales (0.94 for Emotional eating, 0.93 for Restraint eating and 0.84 for External eating) (Cebolla et al., 2014). Thus, the Arabic version of the DEBQ grants a good reliability, which is comparable to the original Dutch version of the questionnaire (Cronbach's alpha between 0.80 and 0.95) (T. Van Strien, Frijters, J. E. R., Bergers, G. P. A., & Defares, P. B. , 1986). This shows that the questions in each subscale lead to the subscale's power and that different languages do not change the effectiveness of the items (Bracken, 1991;Brislin, 1985;van de Vijver, 1996). Moreover, the AR-DEBQ questionnaire compromises 18 questions instead of 33 questions when compared with other languages, including English (Wardle, 1987), French (Lluch et al., 1996), Turkish (Bozan et al., 2011), Italian (Dakanalis et al., 2013) and Spanish (Cebolla et al., 2014). This reduction in the number of items was acceptable because the KMO was close to 1 (0.883) and the Bartlett test was significant (p < 0.001).

Besides, the correlational analyses between the DEBQ subscales, gender and dieting support the findings of other studies [START_REF] Nguyen-Rodriguez | Psychological determinants of emotional eating in adolescence[END_REF][START_REF] Alexandrino-Silva | Gender differences in symptomatic profiles of depression: results from the Sao Paulo Megacity Mental Health Survey[END_REF].

The gender differences in emotional eating (39.8% for females and 23.3% for males, p<0.001) could be explained by the possibility that males follow a more diffuse emotion of confused mood, while those associated with emotional eating in females come from a cluster of similar psychological states of stress, worries and tension/anxiety (Nguyen-Rodriguez, Unger, & Spruijt-Metz, 2009). Gender stratified analyses revealed that confused mood (β = 0.3513, p = 0.03) was associated with emotional eating in males, while perceived stress (β = 0.1905, p = 0.0002), worries (β = 0.1384, p = 0.01) and tension/anxiety (Std. β = 0.1843, p = 0.01) were significantly related to emotional eating in females. Furthermore, among 558 men with mean age 41.7 years, 60.1% respond to stress with decreased appetite (Alexandrino-Silva et al., 2013;Marcus et al., 2005), whereas women are more susceptible to engage in emotional eating behavior because of their menstrual cycle and hormonal phase, where emotional eating levels were significantly higher in the mid-luteal as compared to the ovulatory (t(2973) = 4.32, p < .001) and premenstrual (t(2779) = 3.11, p = .002) (Klump et al., 2013) as well as a possible gene-depression interaction present only in adolescent females (T. van Strien, van der Zwaluw, & Engels, 2010).

Furthermore, this study evaluated the DEBQ's predictive value in distinguishing between individuals following a diet and those who were not following any special dietary habits. The findings of this study showed higher scores of emotional and restrained eating for subjects who are dieting (63.2% vs 25.9%, p <0.001). These results reinforce the theory of restraint eating behavior (Herman C. P., 1980). In other words, people who follow a diet may encounter two different episodes involving restrained eating and emotional eating (Elfhag & Rossner, 2005).

Eating in response to emotions and mood is considered as a possible explanatory factor for the weight problems of many dieters. That is to say, emotions may weaken the self-control of people on diet in regard to their self-imposed restriction of food intake (Herman C. P., 1980;T. Van Strien, Frijters, J. E. R., Bergers, G. P. A., & Defares, P. B. , 1986). Upon dieting, the body enters in the starvation mode: the metabolic rate slows decreases while hunger and appetite increase. As a result, when dieters develop intense feelings of deprivation, they will be very vulnerable to abandoning their diet (Herman, van Strien, & Polivy, 2008).

This study has some limitations which should be addressed. This study focused on a healthy homogeneous sample; participants were recruited from a private university. This is a crosssectional study that might not be representative of the whole population, adding to this, that our sample of students may not be representative of the general population as well. Furthermore, the psychological status of the participants was not assessed, which would affect the eating behaviors. Though, DEBQ does not require any specific intervention because it is an easy tool to administer, it is likely to be used among high risk individuals suffering from ED. However, one of the strengths of this study is that this validation is done among both genders males and females.

Additionally, BMI was not self-reported, all anthropometric measurements were administered in the nutrition laboratory.

Conclusions

This study extended the literature on the dimensional validity of the DEBQ by reproducing its Arabic version among Lebanese adults and highlighted the critical role of emotional and restrained eating in dieting. Thus, it deserves to be used in risk populations. The DEBQ could be a convenient tool to categorize behavioral factors related to individual eating patterns, including those implicated in ED. Briefly, the Arabic version of the DEBQ was found to be an effective instrument for measuring eating behaviors in a sample of Lebanese adults. However, due to the limited number of studies on ED in Arab countries, it is difficult to estimate the real prevalence of ED in the Middle East and North Africa region (MENA). Further research should be taken into consideration in order to establish the structure of DEBQ in different samples and determine whether the current findings can be ascribed to dissimilarities in culture. 
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Introduction

Constitutional thinness (CT) is a rare entity with no clinical or biological signs of undernutrition despite a very low BMI (< 16 kg/m²) (Bruno Estour et al., 2017). Most often presented as a differential diagnosis of anorexia nervosa, CT present with clear features of resistance to weight gain (Y. Ling et al., 2020b) and some others indicating its potential high degree of inheritability.

However, the association of a very low BMI with a normal nutritional status rise most often skepticism on the behalf of the nutritionists and other practitioners.

Most of the studies evaluating CT phenotype was conducted in European countries with a potential bias issued from the occidental lifestyle. These studies did not approach the social status of these subjects. Moreover, still few data are available on the dietary profile in constitutional thinness. For example, no data are available on their daily intake of micronutrients. Overall an intriguing and unexpected paradoxical gap with a significant higher food intake than total energy expenditure seem to characterize these subjects (N. Germain et al., 2014a).

Data issued from different countries and nutritional cultures are needed in order to give credit to the validation of this particular phenotype. Therefore, the current study aimed to depict de anthropometric, biological, energetic and nutritional profile in a Lebanese population of constitutional thinness selected to some clinical criteria previously described (Bruno Estour et al., 2017), by comparison with normal weighted healthy volunteers. Indirect comparison with data issued from a French cohort will be discussed.

Methods

This A sample of 50 men and women aged 18-35 years were drawn randomly from Lebanon. Study (25 CT and 25 C). This number was calculated on the estimated statistical formula on prevalence of CT in France (0.5% of the population), since there is no study on CT prevalence in Lebanon.

Inclusion criteria

Subjects included in our study met the following criteria: 1) BMI (kg/m²) <17.3 for CT women, BMI<18.3 for CT men and BMI between 20 and 25 for the control group, 2) presence of menses in women, 3) normal nutritional markers including normal albumin and pre-albumin, and normal TSH, T3 and IGF-1, and non-blunted leptin.

Exclusion criteria

Nine criteria can exclude CT and C subjects from the study: 1) having anorexia nervosa (DSM-V criteria were used) 2) having bulimia (DSM-V criteria were used) 3) suffering from major depression (PHQ-9>10), 4) smoking more than 5 cigarettes a day, 5) doing intense physical 2-Nutritional assessment (includes 24 hours food recall)

Food intake was assessed using 24-hour food recall for 5 days (4 weekdays and 1 weekend).

It comprised: food items, serving size, when the food was consumed and the location where the food was consumed. For each food item, participants were asked to mark their frequency of intake of a designated serving/portion size per day (Schakel, Sievert, & Buzzard, 1988). The dietary data was taken via the phone, collecting food recall data lasted between 10-25 minutes per day. Estimates of dietary intake of each participant were generated using the Nutritionist-Pro-Diet Analysis software version 31.0 (Axxya Systems, Woodinville, WA, USA). Lebanese dishes and recipes were composed and entered using this software according to the Middle-East Food Composition Tables and the Canadian Nutrient File.

3-Depression assessment

PHQ-9 stands for Patient Health Questionnaire-9. It is multipurpose instrument for screening, diagnosing, monitoring and measuring the severity of depression. The PHQ-9 scores each of the 9 DSM-IV criteria as "0" (not at all) to "3" (nearly every day). A depression score more than 10 was considered as exclusion criteria.

4-Psychological assessment

Psychological assessment consisted of DEBQ. 3.2 presented the results of micronutrients consumed by participants. There were no significant differences between the 2 groups for all vitamins and minerals. for lysine and tyrosine. However, there were no significant differences between the 2 groups for all amino acids. 

Psychological Profile

Table 4 presented the DEBQ scores of participants that demonstrated their psychological profile.

Restrained eating and emotional eating scores were significantly higher in C with p value <0.001.

However, there was no significant difference in external eating values between the 2 groups. All participants included in the study did not have any psychological problem. to gain weight and not having a history of dieting, which might not be true in C that want to maintain their weight or even would like to lose some weight.

Caloric intake of CT was 1853.8 (SD=544.3) and was similar to that of C that wad 1816.2 (SD=471.9). The same results were observed by previous studies (Bailly, Boscaro, Pereira, Feasson, et al., 2021;C. Bossu et al., 2007a). Also macronutient distribution (carbohydrates, proteins, and fats) were normal in CT and C, these results were similar in a 2014 study (N. Germain et al., 2014b).

Moreover, macronutrient distribution for protein, carbohydrate and fat were similar in CT and C as shown in Table 3.1. Our results are in line with the few published data literature, a previous clinical trial showing similar results regarding macronutrients distribution (N. Germain et al., 2014b). Only the cholesterol intake was found to be lower in CTs. This does not seem to influence the circulating levels as recently showed by Saint Etienne team (unpublished data). Detailed evaluation of polyunsaturated free fatty acids (PFA) intake showed trends to lower intakes for PFA 20:5, EPA and PFA 22:6, DHA. Since these PFA represent a minority, further studies are needed to confirm these data.

However, despite the lack of cognitive restriction facing food intake, some signs of lower lipid intake were suggested by the current results. This might be due to an increase of relative protein intake (g/kg) in CTs and its potential satietogenic effect.

In addition, data on micronutrients intake in CTs were no available into the literature. We showed for the first time no deficiency in dietary intake for any of microelements or vitamins, results that strengths the idea of a normal nutrition status in these patients. 

I

  am a licensed dietician in Lebanon since July 2015. Since receiving my double Bachelor degree in biology and in nutrition and dietetics, I have completed a 6-month internship in a hospital in Lebanon. I gained experience in organizing specialized nutritional diets to patients in different departments. My interest in research began when I started my master`s degree in Human Nutrition. My thesis focused on the relation between vitamin D levels and metabolic syndrome. My PhD thesis was carried at the faculty of Nursing and Health Sciences at Notre Dame University -Lebanon and EA 7423 TAPE team in Saint-Etienne. They are professionals specialized in multimodal phenotyping eating disorders and constitutional thinness. My thesis focused on the familial heritability of CT, assessed the hormonal profile, nutritional intake, psychological status of CT and compare it to that of a Control group in a sample of Lebanese adults and validating the Dutch Eating Behavior questionnaire in Arabic language. By completing my doctoral training, I gained the skills and experience I need to become an independent researcher. My goal is to become a faculty member at a leading university and to investigate the improvements that can be done on the nutritional level.
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 1 The history of weight (figure1)
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 12 Figure 1: Growth curve of the two populations of the study (B. Estour et al., 2017).
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 3 Figure 3: ROC curve for FreeT3 plasma level (B.Estour et al., 2017) 
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 4 Figure 4 : ROC curve for Estradiol plasma level (B. Estour et al., 2017).
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 5 Figure 5: Hormonal markers differentiating AN from CT (B. Estour et al., 2017).
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 11 Figure 11: Visual analogic score of hunger in CT and control (poster SFE)
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 12 Figure 12: Bone quality in AN compared to CT and Controls[START_REF] Galusca | Agerelated differences in hormonal and nutritional impact on lean anorexia nervosa bone turnover uncoupling[END_REF][START_REF] Galusca | Constitutional thinness: unusual human phenotype of low bone quality[END_REF] 
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 14 Figure 14: Dietary record summary of constitutionally thin (CT) and control (C) at Day 5 and
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 16 Figure 16 : Overfeeding study, body weight evolution (N Germain et al., 2014)

Figure 17 :

 17 Figure 17 : Psychological profile (B. Estour et al., 2017).
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 18 Figure 18 : ROC curve for DEBQ restrained eating score (B. Estour et al., 2017).

(

  of underweight without food restriction cannot be compared to AN.

  larger, on average, for obese individuals than for thin individuals which is consistent with the difference in BMI units amongst categories(Riveros-McKay et al., 2019).In contrast, a family-based study based on extreme phenotypes with strong phenotype-genotype associations aim to identify very rare and pure Mendelian genetic variations to justify individual variances. Examples of successful family-based studies include those conducted on obesity(Riveros-McKay et al., 2019). On a further note, it is interesting to view CT in light of recent epigenetic research which report the transmission of inter/transgenerational epigenetic predispositions to future generations shaped by parental exposure to certain lifestyle and environmental influences.

  ). A combination of increased food intake, decreased energy expenditure and altered neuroendocrine output lead to an increase in adipose reserve stores in obese individuals. As a result, white adipose-tissue secrete further leptin which travels to the hypothalamic arcuate nucleus (ARC), where it inhibits Neuropeptide Y/ Agouti-related gene product (NPY/AgRP) neurons and stimulates propio melanocortin/ cocaine-andamphetamine regulated transcript (POMC/CART) neurons by interacting with their functional long leptin (Ob-Rb) receptor. This neuronal action releases α-melanocortin receptor antagonist (α-MSH) and CART at key behavioral, autonomic, and neuroendocrine regulatory regions which can also interact with leptin directly. α-MSH, CART, and leptin regulate the release of various neuropeptides and neurotransmitters from these regulatory regions to induce reduction in food intake/appetite, increase energy expenditure, and alter neuroendocrine output which leads to a relative decrease in energy stores. In response, the gastrointestinal (GI) tract releases ghrelin which travels to the ARC and acts in reverse of leptin by activating NPY/AgRP neurons and inhibiting POMC/CART neurons through its interaction with their GH secretagogue receptor (GHSR) receptor. NPY and AgRP are released instead in the same regulatory regions which can also interact directly with ghrelin. NPY, AgRP, and ghrelin influence the release of various neuropeptides and neurotransmitters from these regulatory regions to induce the opposite effects of the leptin pathway, thus continuing the cycle. Dysregulated regulation of ghrelin or leptin-stimulated pathways can cause the development of either anorexia or obesity, while CT lies somewhere in between by having increased energy expenditure, increased food intake and normal endocrine output.

  -G expressed in terms of quantities by A -G b= (xg -xr)/ag=0.223 b = regression coefficient of relatives on proposition,

2 .

 2 In contrast, a family-based study or a study based on extreme phenotypes aims to hopefully identify very rare mendelian genetics variations, explaining a large amount of the variance -if not all-. There are some examples of successful family-based studies in obesity (Riveros-McKay et al., 2019). Both approaches are interesting and very different in many aspects.

  Hinney et al. aimed to identify and confirm the 15 single-nucleotide polymorphisms (SNPs) (minor allele frequency ≥10%) with the lowest p-values of the GWAS by four genetic models: additive, recessive, dominant and allelic. On the other hand, Scannell Bryan et al. evaluated the genetic determinants of body mass index related phenotypes for the first time in South Asians (Scannell Bryan et al., 2014).
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  a rare condition, still unknown, more common among women between 15 and 30 years old and often misdiagnosed as anorexia nervosa. It is a relatively new topic and most studies were conducted on CT young women in Saint Etienne -France. It is of high importance to conduct more research on CT for the following reasons: 1) to avoid misdiagnosing CT as AN since both have a very low body weight; 2) to understand the mechanisms and heritability of extreme thinness and finding the explanation behind this phenomenon might be a step in the treatment of obesity; 3) to improve health conditions in CT populations since they have a low bone density which can alter their life; and 4) to meet the CT's demand and satisfy their desire to gain weight. CT individuals do not appreciate their thinness and have failed to gain weight after overfeeding trials.Although few studies on CT were done worldwide, no data is currently available on clinical and biological aspects of constitutional thinness in Lebanon or the Middle East region. For this reason, the current PhD thesis purpose was 1) to calculate the heritability and identify the mode of transmission of genes implicated in CT in a sample of Lebanese adults and compare the results to those pertaining to the French population; 2) to assess the clinical, hormonal, psychological and nutritional status of a sample of Lebanese CT; 3) to validate the Dutch Eating Eehavior questionnaire (DEBQ) in Arabic and assess factors related to eating behaviors and 4) to conduct a literature review in order to understand and compare constitutional thinness, anorexia nervosa and obesity in terms of their heritability and inheritance using biological, anthropometric, and psychological markers. This first study evaluating the heritability of CT and conducted in two cohorts of French and Lebanese CT families demonstrated that constitutional thinness run in families and has substantial hereditary basis. The genetic transmission of this trait seem to be most often autosomal recessive. Hence, CT is a heritable trait and its familial inheritance is high in both French and Lebanese populations. These high heritability values indicate a need for future studies identifying the specific genes contributing to CT inheritance. DNA sampling was performed in the current cohort and a genome wide sequencing study is planned in collaboration with Saint Etienne team.The second study aimed to characterize several metabolic and nutritional features in a Lebanese cohort of CT subjects. The study is the first of its kind in the Middle East region and can be considered as a base for a multinational comparison of this underweight state. It provided data (hormonal, nutritional, psychological) from a large CT sample. The results highlighted the lack of undernutrition in these population, a free food intake with lower restriction scores than in controls suggesting the need of these persons to gain weight. The cohort will be further follow up and contacted to participate to interventional studied aiming to help these people to gain weight. Sociological studies will be also developed in order to understand the social and professional dimensions in people suffering from constitutional thinness.The third study was much more a technical one aiming to translate and validate an Arabic version of a very efficient test for eating behavior, the DEBQ. This was a particular experience since it involved an important recruitment of persons, representative for the young population which is the most exposed to Eating disorders. As the first study to assess the psychological nature of eating behavior through DEBQ within the Lebanese community, this research extended the literature on the dimensional validity of the DEBQ by reproducing its factor structure and
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  Table

	Hormones		T3 a		IGF-1 b	Leptin		Ghrelin		PYY c		GLP-1 d
		CT	AN	CT	AN	CT	AN	CT	AN	CT	AN CT	AN
	Tolle et al. (2003)	Normal -	Normal Low	Intermediate Low	High	High -	-	-	-
	Germain et al (2007)	-	-	-	-	Low to	-	Low	High High Low Normal High
						Normal							
	Germain et al (2009)	-	-	Normal -	Normal	Low	Low	High -	-	-	-
	Germain et al (2012)	-	-	-	-	-	-	Low	-	High	-	High	-
								Increased		Post		Post	
								Post		Meal		Meal	
								Meal					
	Germain et al (2014)	-	-	-	-	Low	Low to	Low	-	-	-	High	-
							Normal	Increased					
								Post					
								Meal					
	Estour et al (2017)	Low	Normal Normal Low	Intermediate Low	-	-	-	-	-	-
	Galusca et al (2018)	Normal Normal Normal Normal -	-	-	-	-	-	-	-
	1. T3: Triiodothyronine										
	2. IGF-1: Insulin-like growth factor 1									
	3. PYY: Peptide YY											
	4. GLP-1: Glucagon-like peptide-1									

Table 2 :

 2 Psychiatric, hormonal, and energy balance differences between CT and AN.

		Anorexia nervosa	Constitutional thinness Reference
	BMI		≤ 17.5 kg/m 2	(WHO, 1995)
	Eating disorders	Present	None	
	Under-nutrition	Observed	de-restriction; no signs	(Tolle et al., 2003)
	Psychological disorders Physiological menses	Present Amenorrhea	None Normal	(N. Germain et al., 2014b)
	Hormonal abnormalities			
	Total tri-iodothyronine	↓ 1		(Chopra & Smith, 1975; Kiyohara et al., 1989)
	Leptin	↓		(J. Hebebrand et al., 1995)
	Insulin-like growth factor 1 Growth hormone	↓ ↑	No hormonal abnormalities	(Cabranes et al., 1988)
	SHBG	↑	(no sign of	(Estour et al., 1986)
	Cortisol	↑	undernutrition)	(Estour et al., 2010)
	17β-estradiol	↓		
	Luteinizing hormone	↓		(Tolle et al., 2003)
	Follicle-stimulating hormone	↓		
	Fat mass	Blunted	Diminished	(J. Hebebrand et al., 1995)
	Energy balance	Negative	Equilibrated / positive	(C. Bossu et al., 2007b)
	Weight Growth curve	Loss Broken weight Lower percentile Stable weight within	(N. Germain et al., 2014b)
	Abbreviations: BMI: Body Mass Index; WHO: World Health Organization; SHBG: Sex Hormone Binding Globulin.
	1 Chopra			
	The hormones listed above below are classified in table 3 based on orexigenic and anorexigenic hormones. below

.

Table 3 :

 3 Assess the nutritional status in CT subjects (Saint-Etienne, France)

	Authors	Title	Objective	Methods	Results
	(Germain	CT and lean	To test the	Energy intake:	
	et al.,	AN display	hypothesis that		
	2007b)	opposite	concentrations of		
		concentrations	leptin, ghrelin,		
		of peptide YY,	PYY and GLP-1 in		
		glucagon-like	persons with AN		
		peptide 1,	are significantly		
		ghrelin, and	different from		
		leptin.	those in persons		
			with CT		

Table 4 :

 4 Psychological status in CT subjects in Saint Etienne

	Authors	Title	Objective	Methods	Results
	(C. Bossu et	Energy	To understand	The food-related behavioral problems were
	al., 2007b)	expenditure	the weight	evaluated by 4 psychiatric reference
		adjusted for	steadiness,	questionnaires in all 3 groups of subjects (7 CT, 6
		body	evaluate the	AN, 7 C) Matched by age (18-26 years):
		composition	energy	1) "silhouette" questionnaire of Jaeger et al.
		differentiates	metabolism,	2)	Dutch Eating Behavior Questionnaire
		CT from both	(assessment of		validated by Van Strien et al.
		normal	food intake	3)	Eating Disorder Inventory
		subjects and	energy and TEE	4)	Eating Disorders Examination of Cooper and
		AN	in very-low-		Fairburn
			weight CT	The psychological questionnaires measured
			subjects.)	complementary behavioral or psychiatric
				dimensions.

  [START_REF] Striegel-Moore | Emotion-induced eating and sucrose intake in children: the NHLBI Growth and Health Study[END_REF].67%)[START_REF] Riveros-Mckay | Genetic architecture of human thinness compared to severe obesity[END_REF]. Further, the effect of an increase/decrease in the BMI genetic risk score was much larger, on average, for obese individuals than for thin individuals which is consistent with the difference in BMI units amongst categories(Riveros-McKay et al., 2019).

	In contrast, a family-based study based on extreme phenotypes with strong phenotype-genotype
	associations aim to identify very rare and pure Mendelian genetic variations to justify individual
	variances. Examples of successful family-based studies include those conducted on obesity
	Methods	Results	h 2 (%)	References
	-379 probands	 Familial leanness:	1.4 -3.8	(P. M.
	-125 whites and 52 blacks from a	-ranged from 1.4 to 2.4 % in		Laskarzewski
	random recall group	white group		et al., 1983)
	-147 whites and 55 blacks from a	-3.8 % blacks group		
	hyperlipidemic recall group			
	Literature review on the genetic	 CT is a stable and heritable	-	(C. M. Bulik &
	epidemiology of thinness	trait		D. B. Allison,
				2001)
	-Cross-sectional study	 Both parents		
	-4423 families	-CT (16.2%)		
	-7078 children and adolescents	-normal (7.8%)		
	(aged 2 to 15 years)	-overweight (5.3%)		
		-obese (2.5%)		
		with no differences in the		
		magnitude of maternal and		
		paternal influences.		

(Riveros-McKay et al., 2019)

. On a further note, it is interesting to view CT in light of recent epigenetic research which report the transmission of inter/transgenerational epigenetic predispositions to future generations shaped by parental exposure to certain lifestyle and environmental influences.

Table 6 :

 6 Studies made on CT worldwide.ObjectivesCT is definitely not AN both clinically, psychologically and biologically. However it remains difficult to differentiate those two entities. Psychological questionnaires are one the most useful help. However, they have been validated in several language but not in Lebanon. Besides, more and more evidences emerge in literature that suggest strongly that CT is genetically determined.

	Location	Number of articles	References
	France	10 Saint Etienne (TAPE)	Bossu et al (2007)
			Estour et al (2014)
			Estour et al (2017)
			Galusca et al (2008)
			Galusca et al (2018)
			Germain et al (2007)
			Germain et al (2009)
			Germain et al (2010)
			Germain et al (2012)
			Germain et al (2014)
	France	1 Paris	Tolle et al (2003)
	Spain	1	Fernández-García et al (2009)
	Italy	1	Pasanisi et al. (2013)

However CT's heritability and inheritance remain still unknown. To date there is no specific description of CT in Lebanese population.

Table 1 :

 1 Psychiatric, hormonal, and energy balance differences between CT and AN.

		Anorexia nervosa	Constitutional thinness	Reference
	BMI		≤ 17.5 kg/m 2	(WHO, 1995)
	Eating disorders	Present	None	
	Under-nutrition	Observed	de-restriction; no signs	(Tolle et al., 2003)
	Psychological disorders	Present	None	(N. Germain et al.,
	Physiological menses	Amenorrhea Normal	2014b)
	Hormonal abnormalities			
	Total tri-iodothyronine	↓		(Chopra & Smith, 1975; Kiyohara et al., 1989)
	Leptin Insulin-like growth factor 1 Growth hormone SHBG	↓ ↓ ↑ ↑	No hormonal abnormalities (no sign of undernutrition)	(J. Hebebrand et al., 1995) (Cabranes et al., 1988) (Estour et al., 1986)
	Cortisol	↑		(Estour et al., 2010)
	17β-estradiol	↓		(Tolle et al., 2003)

: AgRp: Agouti-related gene product; CART: cocaine-andamphetamine-regulated transcript; GHSR: GH secretagogue receptor; MSH: melanocortin receptor antagonist; NPY: neuropeptide Y; Ob-Rb: functional long leptin receptor; POMC: propio melanocortin Tables

Table 2 :

 2 Heritability of Obesity

	Study Subjects	#	Results	Heritability	References
				(%)	
	 Twin study,	262	 Fat measures significantly	-66 % for BMI	(Cardon et al.,
	elderly white		correlated with BMI:	-25 % for SSTR	1994)
	males		-r WHR, BMI = 0.52	-46 % for WHR	
	 59 to 70 years		-r SSTR, BMI = 0.18		
			-rWHR,SSTR = 0.27		
			 The common genetic		
			component accounted for		
			54%		
	 Sibships, each	61	 HPT siblings more obese than	-40 to 70 % in	(Pausova et
	having at least 2		non-HPT siblings, with central	HPT siblings	al., 2001)
	HPT siblings		distribution of body fat	-0 to 32 % in	
			 genetic factors play a greater	non-HPT	
			role in HPT than in non-HPT	siblings	
			sib-pairs in determining		
			obesity measures		
	 50 large and	372	 Significant heritable	-25 to 68 % for	(Poveda et al.,
	highly		components	obesity	2012)
	consanguineous		 h 2 WHR surpasses the estimates	phenotypes	
	pedigrees		on family-based studies (30%)	-60 % for WHR	
	 TLGS families at	769	 Heritability for all obesity-related	-21 % for hip	(Farhad et al.,
	least two		variables were significant	-51 % for body	2014 )
	overweight or			size	
	obese members				
	 young male and	875	 Positive associations between	-73% for BMI	(Weise et al.,
	female adults	(168	BMI and GMV	-21% to 71%	2017)
	 28.8 ± 3.7 years	twin	 Negative associations within	for regional	
	 BMI 26.6 ± 5.3	pairs)	the prefrontal cortex,	GMV	
	kg*m -2		cerebellum, temporal lobes		
			and distinct subcortical		
			structures		
			 Varying degrees of heritability		
			were found for BMI-		
			associated brain regions		

Table 3 :

 3 Heritability of Anorexia Nervosa

	Methods	Results	h 2	References
			(%)	
	Morbid risk in all relatives in a category  13 patients with AN met the criteria for	2	(Gershon et
		major affective disorder		al., 1984)
	Diagnosis using DSM-III	 disorders are familial	10	(Strober et
	Familial clustering of ED measured in			al., 1985)
	first-degree relatives of AN			
	Family history information about	 More depression and eating	4	(Herpertz-
	first-, second-and third-degree	disorders in the families of the		Dahlmann,
	relatives of 45 anorectic patients	anorectic group		1988)
	and 38 control subjects	 Same prevalence of psychiatric		
		disorders in general for both		
		groups		
	57 twin pairs	 45 pairs of twins with an ED, had at least	5	(Holland et
		one twin who had had AN		al., 1988)
		 Nearly 5% of other female first degree		
		relatives also had a history of AN		
	62 women, 10-year follow-up	 comorbidity (P<0.05) of the	1.2 (Halmi et
	study	affective and anxiety disorders with		al., 1991)
		AN.		
	Diagnoses of relatives: blind to	 9% prevalence of SUD in both AN	1.3 (Stern et al.,
	probands' diagnoses.	and control relatives.		1992)
		 Familial resemblance for AN	2.1 (Jacobs,
				1990)
	Direct interviews	 Increased risk of clinically sub	1.1 (Lilenfeld et
	Blind best-estimate diagnostic	threshold forms of an eating		al., 1998)
	with diagnostically "pure" groups	disorder in relatives of AN and BN		
	of probands with eating disorders	probands		
	and a matched control group	 Mode of familial transmission not		
		clear		
	1,831 relatives of 504 probands	 relative risks of AN:	3.4 (Strober et
	on the basis of personal	-11.3 in female relatives of AN		al., 2000)
	structured clinical interviews and	probands		
	family history	-12.3 in female relatives of BN		
		probands		
	-283 first degree relatives of 68	 Lifetime rate of clinical AN: 1%	1	(Grigoroiu-
	restrictive AN patients with	 ED rate: 2% in female proband		Serbanescu
	adolescent onset or control women	relatives VS 0% in control relatives		et al., 2003)
	-followed 5 to 18 years	 No BN in proband relatives		
	-DSM-III-R criteria	 AN heritability 18-36%		

Table 4 :

 4 Heritability of Constitutional Thinness

	Methods	Results	h 2 (%)	References
	-379 probands	 Familial leanness:	1.4 -3.8	(P. M.
	-125 whites and 52 blacks from a	-ranged from 1.4 to 2.4 % in		Laskarzewski
	random recall group	white group		et al., 1983)
	-147 whites and 55 blacks from a	-3.8 % blacks group		
	hyperlipidemic recall group			
	Literature review on the genetic	 CT is a stable and heritable	-	(C. M. Bulik &
	epidemiology of thinness	trait		D. B. Allison,
				2001)
	-Cross-sectional study	 Both parents	2.5 -16.2 (K. L.
	-4423 families	-CT (16.2%)		Whitaker et
	-7078 children and adolescents	-normal (7.8%)		al., 2011)
	(aged 2 to 15 years)	-overweight (5.3%)		
		-obese (2.5%)		
		with no differences in the		
		magnitude of maternal and		
		paternal influences.		
	Abbreviations: h			

2 

: Heritability; CT: Constitutional Thinness.

Table 2 :

 2 Sample characteristics

		N or mean	Valid % or SD 1
	Age	20.5	2.0
	Gender		
	Male	203	52.2
	Female	186	47.8
	Marital status		
	Single	388	99.7
	Married	1	0.3
	Residency		
	Urban	293	75.5
	Rural	95	24.5
	Education		
	Undergraduate	376	97.2
	Graduate	11	2.8
	Smoking		
	No	277	71.4
	Yes	97	25.0
	Previous	14	3.6
	Exercise		
	No	169	43.7
	Yes	218	56.3
	Alcohol		
	No	230	59.3

Table 2 :

 2 Questions, factors, and their internal consistency

	Question	Load	Factor	Cronbach
				alpha
	Do you have a desire to eat when you are cross?	.836		
	Do you have a desire to eat when you are depressed or discouraged?	.826		
	Do you have a desire to eat when things are going against you or when things have gone wrong?	.812		
	Do you get the desire to eat when you are anxious, worried or tense?	.787	Emotional Eating	0.907
	Do you have a desire to eat when you are disappointed?	.750		
	Do you have a desire to eat when you are approaching something unpleasant to happen?	.729		
	Do you have the desire to eat when you are irritated?	.668		

Table 3 :

 3 Arabic_DEBQ description

	Mean	SD 1

Table 4 :

 4 Socio-demographic, lifestyle and anthropometric variables associated with tertiles of emotional eating, retrained eating and external eating

			Emotional eating			Restrained eating		External eating
		Low	Moderat	High	p-value	Low	Moderat	High	p-value Low	Moderat	High	p-
		<=18	e	>=29		<=1	e	>=2		<=5	e	>=8	value
			19-28			6	17-22	3			6-7	
	Age											
	<=20									35.		
		35	31.8	33.2	0.572	37.2	31.2	31.7	0.93	9	37.3	27	0.610
	>21											
		36.1	35.5	28.4		37.3	29.6	33.1		32	37.3 30.7
	Gender											
	Male				<0.001					32.		
		43.6	33.2	23.3	*	38.9	31	30	0.507	2	5.1 32.7	0.182
	Female											
		26.3	33.9	39.8		34.9	29.6	35.5		36	39.8 24.2
	Residency											
	Urban									34.		
		34.1	34.1	31.8	0.649	36.2	30	33.1	0.888	5	37.5	28	0.937
	Rural											
		39.4	31.9	28.7		38.9	29.5	31.6		33	37.2 29.8
	Education											
	Undergraduate									34.		
		35.5	33.6	30.9	0.864	37.5	30.6	31.9	0.691	1	37.3 28.6	0.864
	Graduate									27.		
		27.3	36.4	36.4		27.3	27.3	45.5		3	36.4 36.3
	Smoking											
	No									37.		
		36.1	31.8	32.1	0.066	38.6	29.2	32.1	0.698	9	35 27.1	0.090
	Yes									22.		
		30.9	36.1	33		35	32	33		7	44.3	33
	Previous									30.		
		46.2	53.8	0		21.4	42.9	35.7		8	38.5 30.7
	Exercise											
	No									34.		
		30.2	36.7	33.1	0.178	41.4	32	26.6	0.079	9	42.6 22.5	0.052
	Yes									33.		
		39.2	30.9	30		33.5	29.4	37.2		2	33.6 33.2
	Alcohol											
	No									37.		
		38.7	28.7	32.6	0.041*	36.5	31.7	31.7	0.789	4	39.6	23 0.011*
	Yes									28.		
		299	40.8	29.3		38	28.5	33.5		7	34.4 36.9
	BMI 1											
	Underweight/Norm									31.		
	al	32.9	36.2	30.9	0.199	42.3	30.9	26.8	0.088	5	39.6 28.9	0.382
	Overweight/Obese									35.		
		34.1	25.6	40.2		28	35.4	36.6		4	30.5 34.1
	Special diet											

  study was conducted at Notre Dame University-Louaize (NDU) in collaboration with the research group TAPE (Troubles du comportement alimentaire, Addictions & Poids Extremes), EA 7423, Université Jean Monnet, Saint Etienne, and the Department of Endocrinology at Center Hospitalier Universitaire (CHU) de Saint Etienne, France. Study Design and Recruitment methods (Profile of the research subjects) A case-control study was carried out on a sample of Lebanese population. Prior to the initiation of the study, the protocol was approved by the Institutional Review Board of NDU and the study was conducted in accordance with the ethical standards laid down in the 1964 Declaration of Helsinki and its later amendments. CT and Control subjects were invited to participate in our study by emails, social Medias (Facebook and Instagram) or by direct contact with hospitals, clinics, Lebanese markets and universities.

Table 1 :

 1 Sample characteristics (socio-demographic, behavioral, clinical and lifestyle factors) of the study population were shown in Table1. A total of 52 participants(25 CT of which 20 females (80%) and 5 males (20%), and 27 C of which 16 females (59.3%) and 11 males (40.7%)) were included in the analyses. The age range of participants was between 19 and 25 years with the mean age 22 (SD=3) years. A high percentage of participants were single and non-smoker, had a bachelor degree, lived in Mount Lebanon and drank alcohol less than once per week. Participants were from different social classes with varied family income. The number of participants who exercised were almost equal to participants who don't. None of the participants was following a specific diet and had a binging behavior. PHQ-9 Total Score was similar for CT and C, they were both not Baseline Characteristics of Study Participants

	a-DEBQ stands for Dutch Eating Behavior Questionnaire, for assessment of restrained,
	emotional, and external eating behavior. DEBQ is a 33-item self-report questionnaire
	developed Van Strien (T. Van Strien, Frijters, J. E. R., Bergers, G. P. A., & Defares, P. B.
	, 1986), to evaluate three different eating behaviors in adults: (1) emotional eating, (2)

Table 2

 2 presented the hormonal profile of study participants. Values of both groups were normal when compared to reference values. There were no significant differences between the mean values of both CT and C.

Table 2 :

 2 Hormonal Profile of the study Participants

	Variable	Total (N=52)	P**	Reference
		CT	C		
		N=25	N=27		
	IGF-1 (Mean ±	388.4(105.1)	332.2(124.3)	0.086	115-304
	SD)				
	Leptin (Mean ±	3.9(2.1)	4.2(2.1)	0.586	0.5-14.6
	SD)				
	T3(MD, IQR)	1.8(0.05)	1.8(0.04)	0.267	0.7-2.1
	TSH (Mean ±	1.9(0.8)	2.1(0.9)	0.358	0.3-5
	SD)				
	*significant association at α=0.05			
	**Calculated using Mann Whitney U test or Student-test for numerical	
	variables				
	a. IGF-1: Insulin like Growth Factor-1		
	b. T3: Triiodothyronine			
	c. TSH: Thyroid-Stimulating Hormone		
	Nutrition Profile				

Table 3 .

 3 1 presented the results of macronutrients consumed by participants. Mean intake of all nutrients for both group were normal when compared to reference values, except for polyunsaturated fat, dietary fibers and sugar. Both groups had a low intake of polyunsaturated fat and fibers when compared to references. However, they had a high intake of sugar. No significant

	differences were found between both groups for kilocalories, proteins, carbohydrates, fat, alcohol,
	saturated fat, monounsaturated fat, polyunsaturated fat, dietary fibers and sugar, except for
	cholesterol intake which was lower in CT when compared to C (182.2 (SD=103.0) vs 254.7
	(SD=115.2) mg).

Table 3 :

 3 Nutritional Profile of the study Participants

Table 3 .

 3 

	1: Macronutrients			
	Variable	Total (N=52)	P**	Reference
		CT	C		
		N=25	N=27		
	Kilocalories	1853.8(544.3)	1816.2(471.9)	0.790	
	(kcal) (Mean ±				
	SD)				
	Protein (g) (Mean	75.1(20.2)	85.5(29.0)	0.144	90
	± SD)				
	Carbohydrates (g)	202.0(65.5)	195.7(61.0)	0.723	225
	(Mean ± SD)				
	Fat, Total (g)	83.9(27.7)	77.9(24.3)	0.415	60
	(Mean ± SD)				
	Alcohol	0.02(2.8)	0.0(2.5)	0.499	
	(g)(MD,IQR)				

**Calculated using Mann Whitney U test or Student-test for numerical variables Table

Table 3 .

 3 

	2: Micronutrients			
	Variable	Total (N=52)	P**	Reference
		CT	C		
		N=25	N=27		
	Vitamin A	581.5(450.3)	701.6(812.0)	0.292	700-800
	(RE)(MD,IQR)				
	Beta-Carotene	1026.6(1288.9)	846.4(3456.4)	0.791	6000-15000
	(ug) (MD,IQR)				
	Vitamin C (mg)	59.4(59.9)	76.7(67.1)	0.245	65-90
	(MD,IQR)				

Table 3 .

 3 3 presented the results of amino acids consumed by participants. Intake was normal except

Table 3 .

 3 

	3: Amino Acids			
	Variable	Total (N=52)	P**	Reference
		CT	C		
		N=25	N=27		
	Tryptophan	530.7(344.6)	651.9(422.7)	0.237	250-425
	(mg)(MD,IQR)				
	Threonine (mg)	1933.9(1208.1)	2240.3(1536.3)	0.09	500-1000
	(MD,IQR)				
	Isoleucine (mg)	2633.3(1384.8)	2737.5(1575.7)	0.172	19 mg/BW
	(MD,IQR)				
	Leucine (mg)	4009.7(2338.1)	4442.9(2992.4)	0.216	42 mg/BW
	(MD,IQR)				
	Lysine(mg)	3365.0(1915.9)	4077.9(2348.2)	0.094	1000
	(MD,IQR)				
	Methionine (mg)	1155.0(727.1)	1386.4(509.4)	0.109	Methionine +
	(MD,IQR)				Cystine: 19
	Cystine (mg)	673.9(349.7)	757.8(480.3)	0.131	mg/kg
	(MD,IQR)				
	Phenylalanine(mg	2272.8(1352.9)	2471.6(1067.5)	0.223	150-5000
	) (MD,IQR)				
	Tyrosine (mg)	1800.2(1038.3)	1976.5(896.5)	0.260	150
	(MD,IQR)				

Table 3 .

 3 4 presented the results of food groups consumed by participants. There were no significant differences between the 2 groups for bread/starch, fat, fruit, meat (high fat, medium fat), milkwhole other carbohydrates, and vegetables. Significant differences were found on meat-lean, meatvery lean and milk-skim with p values of 0.02, <0.001, and 0.028 respectively.

	Table 3.4: Food Groups		
	Variable	Total (N=52)	P**
		CT	C	
		N=25	N=27	
	Bread/Starch	6.5(2.0)	5.5(3.5)	0.308
	(MD,IQR)			
	Fat(MD,IQR)	6.0(3.9)	6.5(2.5)	0.563
	Fruit(MD,IQR)	1.3(1.5)	1.0(2.0)	0.788
	Meat-High	0.5(1.4)	1.0(0.5)	0.672
	Fat(MD,IQR)			
	Meat-	2.0(1.5)	1.5(2.0)	0.02*
	Lean(MD,IQR)			
	Meat-Medium	1.3(1.8)	2.0(2.0)	0.065
	Fat(MD,IQR)			
	Meat-Very	0.5(1.5)	2.0(3.0)	<0.001*
	Lean(MD,IQR)			

Table 4 :

 4 DEBQ Scores (Psychological) 

	Variable	Total (N=52)	P
	CT	C	
	N=25	N=27	

Table 5

 5 

presented supplementary information such as number of cigarettes, kg lost, MFA 18:1 (Oleic), PFA 18:2 (Linoleic), PFA 18:3 (Linolenic), PFA 20:5 (EPA), and PFA 22:6 (DHA). All the participants were non-smokers and did not lose any kg recently. Regarding fatty acids intake, there were no significant differences between CT and C.

Table 5

 5 

	: Supplementary table				
	Variable	Total (N=52)	P**	Reference
		CT	C		
		N=25	N=27		
	Number of cigarettes	0(1.0)	0(0.0)	-	
	Kg lost	0(0.0)	0(0.0)	-	
	MFA 18:1, Oleic (g)	24.0(20.6)	22.4(15.1)	0.819	<10
	PFA 18:2, Linoleic (g)	8.3(7.1)	9.5(6.7)	0.891	12.6-16
	PFA 18:3, Linolenic (g)	0.9(0.7)	0.9(0.5)	0.660	1-1.6
	PFA 20:5, EPA (g)	0.008(0.011)	0.018(0.04)	0.083	EPA +
	PFA 22:6, DHA (g)	0.02(0.03)	0.05(0.09)	0.077	DHA= 0.25-
					0.5

  032لون؟ أ ا أشخاص م ت رؤ لدى العادة من ثر أ لون تأ هل .

					Psychological Profile Psychological Profile
	LEB-|__|__|__|__| LEB-|__|__|__|__| 012 م لد كون ﻻ حين الطعام ناول ب ترغبون هل . O 030 ل؟ اﻷ في ة برغ شعرون هل لون، أ ن اﻵخ ترون حين . تقوم ما ون O 012 ا أمر م مع حدث حين الطعام ناول ب ترغبون هل . غير O	O O O	O O O	O O O	Questionnaire Questionnaire O O O	O O O
	010. Do you take into account your weight with what you eat? 023. Do you have a desire to eat when you are ه؟ 031 سار؟ ذة؟ اللذ اﻷطعمة مقاومة م مكن هل . سين؟ ا ن؟ متوت أو bored or restless? 013 أو طين مح تكونون حين الطعام ناول ب ترغبون هل . 013 مهمومين أو قلقين تكونون حين الطعام ناول ب ترغبون هل .	O O O O O O	O O O O O O	O O O O O O	O O O O O O	O O O O O O	O O O O O O
	011. Do you have the desire to eat when you are irritated? 012. Do you have a desire to eat when you have nothing to do? 024. If food tastes good to you, do you eat 014 الوحدة؟ شعرون حين الطعام ناول ب ترغبون هل . 033 ما؟ شيء ناول ب ترغبون هل الطعام، رون ّ تحض حين . 014 هل . م لد الطعام تناول في ة الرغ عندما تكون اﻷمور more than usual? 025. If food smells and looks good, do you eat more than usual? 015 م ضد أو عندما سوء اﻷمور ؟ هل . م لد ة رغ الطعام ناول ب عندما م خذل أحد ؟ 016 غاضبين؟ تكونون حين الطعام ناول ب ترغبون هل . 015 الطعام ناول ب ترغبون هل . عند ة خي اﻷمل؟	O O O O O O O O O O	O O O O O O O O O O	O O O O O O O O O O	O O O O O O O O O O	O O O O O O O O O O	O O O O O O O O O O
	013. Do you have a desire to eat when you are do you have a desire to eat? سار؟ depressed or discouraged? 026. If you see or smell something delicious, 017 غير ون؟ ّ تتحر ا أمر م مع حدث حين الطعام ناول ب ترغبون هل . 016 ﻻ حين أو الضجر شعرون حين الطعام ناول ب ترغبون هل .	O O O O	O O O O	O O O O	O O O O	O O O O	O O O O
	014. Do you have a desire to cot when you are 027. If you have something delicious to eat, 018 017 ثر أ منه لون تأ هل شهي، الطبق ومنظر ائحة ر انت إذا . مهمومين أو قلقين تكونون حين الطعام ناول ب ترغبون هل . المعتاد؟ من feeling lonely? 015. Do you have a desire to eat when somebody lets you down? ن؟ متوت أو do you eat it straight away? 028. If you walk past the baker do you have the desire to buy something delicious? العادة؟ من أقل لون تأ هل الوزن، عض سبون تك حين . م ضد أو عندما سوء اﻷمور العادة؟ من أقل لون تأ هل الوزن، عض سبون تك حين . ؟ 019 م لد الطعام تناول في ة الرغ عندما تكون اﻷمور هل . 018 شعرون هل لون، أ ن اﻵخ ترون حين . ل؟ اﻷ في ة برغ	O O O O O O O O O O	O O O O O O O O O O	O O O O O O O O O O	O O O O O O O O O O	O O O O O O O O O O	O O O O O O O O O O
	003. How often do you refuse food or drink offered because you are concerned about your weight? 016. Do you have a desire to eat when you are sad? 017. Do you have a desire to eat when you are approaching something unpleasant to 029. If you walk past a snack bar or a cafe, do 002 التي من أقل ة م الطعام تناول تحاولون هل لون، تأ حين . 020 تكونون حين الطعام ناول ب ترغبون هل . قلقين ؟ 002 التي من أقل ة م الطعام تناول تحاولون هل لون، تأ حين . ناولها؟ ب ترغبون 021 الطعام ناول ب ترغبون هل . عند ة خي اﻷمل؟ ناولها؟ ب ترغبون you have the desire to buy something delicious? 030. If you see others eating, do you also have 003 . م ة ّ مر م ل مه تقد يتم الذي اب الشر أو الطعام ترفضون 022 الطعام ناول ب ترغبون هل . عند الشعور اء اﻹس 003 . م ة ّ مر م ل مه تقد يتم الذي اب الشر أو الطعام ترفضون م؟ وزن على اه اﻻن دون ت م ﻷن ة والعص ؟ م؟ وزن على اه اﻻن دون ت م ﻷن happen? 018. Do you get the desire to eat when you are the desire to eat? 004 لونه؟ تأ ما ا تمام اقبون تر هل . 023 شعرون حين الطعام ناول ب ترغبون هل . حين أو الضجر ﻻ 004 لونه؟ تأ ما ا تمام اقبون تر هل .	O O O O O O O O O O O O O O O O O	O O O O O O O O O O O O O O O O O	O O O O O O O O O O O O O O O O O	O O O O O O O O O O O O O O O O O	O O O O O O O O O O O O O O O O O	O O O O O O O O O O O O O O O O O
	004. Do you watch exactly what you eat? anxious, nervous or tense? 031. Can you resist eating delicious foods? ا؟ طوع ة ار الحر الوحدات ل القل الطعام ناولون ت هل . ون؟ ّ 005 تتحر 005 هل . ا؟ طوع ة ار الحر الوحدات ل القل الطعام ناولون ت	O O O O	O O O O	O O O O	O O O O	O O O O	O O O O
	005. Do you deliberately eat food that are slimming? 006. When you have eaten too much, do you cat less than usual the following days? 019. Do you have a desire to eat when things are going against you or when things have 032. Do you eat more than usual, when you see others eating? 006 في المعتاد من أقل ة م ناولون ت هل ا، كثير لون تأ حين . ام اﻷ التال ة 024 المعتاد؟ من ثر أ منه لون تأ هل ذ، لذ طبق هناك ان إذا . 006 . م مرة م ﻷن ات الوج بين الطعام تناول عدم تحاولون ؟ 025 ثر أ منه لون تأ هل شهي، الطبق ومنظر ائحة ر انت إذا . تبهون ت ل م؟ ن وز gone wrong? 020. Do you have a desire to eat when you are frightened? 033. When preparing a meal are you inclined 007 الوزن؟ سبوا تك ﻻ لكي ا طوع أقل طعام ة م ناولون ت هل . المعتاد؟ من 007 ار؟ اﻻعت عين م وزن تأخذون هل لون، تأ حين . to eat something? 008 . م مرة م ﻷن ات الوج بين الطعام تناول عدم تحاولون تبهون ت ل م؟ ن وز 026 . حين ترون أو في ة برغ شعرون هل ا، ذ لذ ا ق ط شمون 008 ناول ب ترغبون هل اﻻنزعاج، شعرون حين . الطعام؟ ل؟ اﻷ 007. Do you deliberately eat less in order not to become heavier? 008. How often do you try not to eat between meals because you are watching your weight? 021. Do you have a desire to eat when you are disappointed? 022. Do you have a desire to eat when you are emotionally upset? 009 . م مرة في المساء بين الطعام تناول عدم تحاولون 027 ان إذا . م لد شيء هل لتناوله، ذ لذ لونه تأ على الف ور ؟ 009 تقومون ما م لد كون ﻻ حين الطعام ناول ب ترغبون هل . ه؟ م؟ لوزن تبهون ت م ﻷن ات الوج 010 ار؟ اﻻعت عين م وزن تأخذون هل لون، تأ حين . 028 إذا . مررتم جانب از الخ هل ، م لد ال اء شر في ة رغ شي ء سين؟ ا ذ؟ لذ 010 أو طين مح تكونون حين الطعام ناول ب ترغبون هل .	O O O O O O O O O O O O O O O O O O O O O O O O O	O O O O O O O O O O O O O O O O O O O O O O O O O	O O O O O O O O O O O O O O O O O O O O O O O O O	O O O O O O O O O O O O O O O O O O O O O O O O O	O O O O O O O O O O O O O O O O O O O O O O O O O	O O O O O O O O O O O O O O O O O O O O O O O O O
	009. How often in the evening do you try not to eat because you are watching your weight? 011 الطعام؟ ناول ب ترغبون هل اﻻنزعاج، شعرون حين . 029 ترغبون هل مقهى، أو عة سر ات وج مطعم أمام مررتم إذا . ذ؟ لذ شيء وتناول الدخول 011 غاضبين؟ تكونون حين الطعام ناول ب ترغبون هل .	O O O O	O O O O	O O O O	O O O O	O O O O	O O O O
								174 175 180

*significant association at α=0.05 **Calculated using Mann Whitney U test or Student-test for numerical variables a. MFA: Monounsaturated Fatty Acids b. PFA: Polyunsaturated Fatty Acids
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Results: A total of 389 students with a mean age 20.5 ±2.0 years participated in the study. The Arabic DEBQ questionnaire consisted of 18 questions. The rotation component matrix showed three components with loads >0.479; "Emotional eating", "Restrained eating" and "External eating". Cronbach alpha was measured for the three components of the AR-DEBQ and showed a good level of internal consistency for our scale (0.907, 0.811 and 0.508 respectively). Gender, alcohol and diet were significantly associated with different DEBQ components (p < 0.001, 0.041 and < 0.001, respectively).

Conclusions:

The Arabic DEBQ is an effective tool for measuring behavioral factors related to individual eating patterns including eating disorders. Further research should be taken into consideration in order to develop the structure of DEBQ looking at samples of different

Methods

Translation

The aim of this study was to validate the Arabic version of the Dutch eating behavior questionnaire (DEBQ) and assess factors related to eating behaviors in a sample of Lebanese adults. For this purpose, the DEBQ was translated from French into Arabic language by two sworn translators then, examined by four professional faculty members who master both languages.

They proofread the two documents against the original French version to ensure the accuracy of the translation and to check for contextual mistakes and the proper use of the right terminology. This process was accompanied by recommended corrections. The questionnaire was pre-tested on 6 control subjects. Pilot testing was performed to measure how much time it takes to complete the questionnaire, and clarify question wording, or response categories when necessary. This sample was not included in the data analysis.

Study design, setting and population

In order to validate the AR-DEBQ, a cross-sectional study was carried out at Notre Dame University-Lebanon (NDU) in the main campus (Zouk Mosbeh). Students aged between 18 to 25 years old were selected randomly. Exclusion criteria included presence of chronic medical condition, pregnancy and lactation. The sample size was estimated by the rule of thumb 10:1 (10 subjects per each item), accordingly the minimal sample size required was 330 subjects (Osborne, 2005). Individuals suffering from any medical condition were excluded from the study.

Data collection and measurements

Starting January 2019, two graduates in Nutrition were visiting classes to explain to the students the purpose of the study. Those who were interested to participate signed an informed consent.

Participants were asked to fill the AR-DEBQ, and a background questionnaire by themselves in their classrooms or nutrition laboratory.

Moreover, study participants were invited to the nutrition laboratory to collect anthropometric measurements which included body weight, height and body composition. Weight was measured to the nearest 0.1 kg using a mechanical weigh beam scale with subjects dressed in minimal clothing and without shoes. Height was measured to the nearest 0.1 cm according to the following protocol: no shoes, heels together, and head touching the ruler with line of aligned horizontally (Organization, 2008).

Body mass index (BMI) was calculated based on the measured height and weight as:

Underweight was defined as BMI <18.5, normal weight 18.5-24.9 kg/m 2 , overweight 25-29.9 kg/m 2 , and obese ≥ 30 kg/m 2 .

Body composition was assessed using the bioelectrical impedance analysis (BIA) machine InBody 720 (Biospace, Seoul, Korea).

All information were kept confidential by assigning a numeric code to each participant at the onset.

Statistical analysis

Qualitative and quantitative variables were summarized as N, valid % and mean, standard deviation respectively. The validation of Arabic DEBQ (AR-DEBQ) was performed by exploratory
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Abstract

Background: Constitutional thinness is a low BMI entity characterized by no signs of undernutrition but still often misdiagnosed as anorexia nervosa. This rare entity was most often described in European countries. Data are missing in other populations or cultures, especially concerning their food intake profile.

Methods: A cross-sectional study was carried out including a total of 52 participants (25 CT of which 20 females (80%) and 5 males (20%), and 27 C of which 16 females (59.3%) and 11 males (40.7%)). Food intake diary, energy metabolism, nutritional profile but also social status were evaluated and compared.

Results: No significant differences were found between both groups for all absolute values of vitamins, minerals, kilocalories, proteins, carbohydrates, fat, alcohol, saturated fat, monounsaturated fat, polyunsaturated fat, fatty acids intake, dietary fibers and sugar, except for cholesterol intake which was lower in CT when compared to C (182.2 (SD=103.0) vs 254.7 (SD=115.2) mg). Intake of amino acids was normal except for lysine and tyrosine. Significant differences were found on meat-lean, meat-very lean and milk-skim with p values of 0.02, <0.001, and 0.028 respectively. Constitutionally thin subjects eat high protein per kilogram body weight.

Both groups had a low intake of polyunsaturated fat and fibers when compared to references. Some PFA trend to be lower in CT. Family income trend to be higher in CT.

Conclusions: Overall Lebanese CTs present with no undernutrition signs, and no food intake deficiencies. Low intake in cholesterol and some PFA may suggest some avoidance. However psychological scores confirmed a lack of food restriction. The link between a higher family income and CT phenotype need further sociological approach.

Keywords: constitutional thinness, food intake, macronutrients, microelements, vitamins activity more than 7 hours/week, 6) taking oral contraceptives and/or any medication, 7) suffering from any chronic or a congenital disease, 8) being on diet, 9) having a pacemaker or metal pieces in the participant's body that can interfere with BIA (bioelectrical impedance analysis) results, and 9) having a low RMR (resting metabolic rate) based on the RMR formula (Wadden, Brownell, & Foster, 2002).

Those who are eligible to participate were asked to sign an informed consent form and were contacted by the study investigators to arrange for an appointment. 

The questionnaire

The questionnaire included a 1) background questionnaire, 2) nutritional assessment including 24 hours food recall for 5 days to be done over the phone, 3) patient health questionnaire-9 (PHQ-9)

to assess depression, 4) psychological assessment using the dutch eating behavior questionnaire (DEBQ). external eating, and (3) restrained eating. Items on the DEBQ range from 1 (never) to 5

(very often), with higher scores indicating greater presence of the eating disorder behavior.

Clinical Assessment

Study participants were asked to pass by the Nutrition Laboratory at Notre Dame University-Louaize (NDU) for anthropometric assessment and blood draw after an overnight fast "Nil per os"

(NPO: nothing by mouth after 12 midnight).

1-Anthropometric measurements a-Height: Height was measured to the nearest 0.1 cm according to the following protocol:

no shoes, heels together and head touching the stadiometer's ruler aligned horizontally.

b-BIA: Weight and body composition were measured using the bioelectrical impedance analysis (BIA) machine InBody 720 (Biospace, Seoul, Korea). BIA is widely used in research since it is quick, safe, and inexpensive. By impedance, BIA measures body water, then estimates fat mass and fat-free mass. The BIA machine was calibrated prior to its use.

Participants were asked to arrive on an empty bladder and stomach. Before each trial, subjects were asked to wipe the palm of their hands and soles using a specific Biospace Electrolyte tissue to enhance electrical conductivity. The participants were asked to stand on the machine barefooted, without wearing any metal/jewelry. c-BMI: BMI was calculated based on the measured weight and height as: Weight (kg)/ Height (m 2 ). Underweight is defined as BMI <18.5 kg/m 2 , normal weight: 18.5-24.9 kg/m 

2-Blood sampling:

A registered nurse collected a samples of blood in two plastic tubes (5 ml each) containing clot activator gel for assessment of albumin, pre-albumin, TSH, FT3, IGF1 and leptin. One tube for each participant, containing EDTA was taken for DNA extraction. Samples were stored at -80 °C until analysis. Samples collected from parents' gome were transported to the Zouk Mosbeh campus on ice on daily basis. Details of venous blood sampling is shown in Figure 1 IGF-1 and leptin were measured using Enzyme-linked immunosorbent assay (ELISA) kits from Demeditec, Germany. TSH and T3 were be measured using ELISA kits from human diagnostics, Germany.

The time needed for data collection for each participant will range between 45 to 60 minutes including questionnaire, anthropometric measurements, blood sampling and without taking into consideration the 5 days 24 hour dietary recall that was taken over the phones.

Results

Baseline Characteristics

Discussion

This study compared the socio-demographic, behavioral, clinical, lifestyle, hormonal, nutritional and psychological status of Lebanese C and CT. The findings generally showed that characteristics of CT were similar to characteristics of C.

This study found that 80% of Lebanese CT were women. All variables were common in men and women.

The SMM and BFM values of CT were significantly lower when compared to C's SMM and BFM Similar results regarding SMM were reported among French women (Bailly, Boscaro, Pereira, Feasson, et al., 2021;Bailly, Germain, Galusca, et al., 2020;Galusca et al., 2018). However, a

2003 study by Tolle et al. showed a similar BFM in CT women and controls (Bailly, Boscaro, Pereira, Feasson, et al., 2021;Tolle et al., 2003). The difference can be due to the low sample size (7 women) in Tolle et al study and the different BIA machine used in our study after 16 years.

Tolle et al used the ANALICOR 2 (Eugedia, Chambly, France) while we used InBody 720 (Biospace, Seoul, Korea).

The RMR of CT was significantly lower when compared to the RMR of C but normal when compared with calculated RMR. Similar results were reported previously on the French population (C. Bossu et al., 2007a;Germain et al., 2012;N. Germain et al., 2014b). No reduction in basal metabolic rate indicate the absence of undernutrition along with normal values of IGF1, free T3 and total protein.

CT and C had normal DEBQ scores as also proved by the previous literature (C. Bossu et al., 2007a;B. Estour et al., 2017). However, C scores for restrained and emotional eating were significantly higher in CT when compared to C. In our opinion this might be due to CTs wanting Interestingly, social evaluation indicated a higher familial income in CT group. First of all this result should be indicated as a marker of similar life conditions to that controls. Further sociological approaches are needed in order to better give sense to this association.

Overall, this first cohort of Lebanese CT persons showed no signs of deficits and confirmed the major nutrition features previously described in French cohorts. Their dietary evaluation was relatively easy and reproducible. Current biological and psychological tool are able to distinguish them from anorexia nervosa.

ascertaining its reliability in a cross-sectional study of Lebanese adults. DEBQ is also a very useful instrument to differentiate constitutional thinness from anorexia nervosa and we intend to deploy it at a larger scale in order to improve our clinical practice.

The literature review manuscript was constructed and structured as a complement to the manuscript evaluating the inheritability in constitutional thinness. We intended to detail the literature data describing the inheritability in the extreme bodyweight populations including obesity, constitutional thinness and anorexia nervosa. This review underlined the heterogeneity of the results, the lack of phenotyping and suggest that further studies should be based on better described populations in terms of clinical, biological and metabolic markers.

Overall, this work allowed me to develop, to improve or to manage several tools: study design, participant's recruitment, metabolic assessment, biological assessment, statistical analysis, inheritability analysis, data base management, referencing, manuscript writing. Further on I intend to take benefit of the acquired skills and to continue to take part of this research on extreme body weights. 
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