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Abstract: Male obesity secondary hypogonadism (MOSH) impairs fertility, sexual
function, bone mineralization, fat metabolism, cognitive function, deteriorates
muscle mass and alters body composition. The aim of this pilot study was to
evaluate the effect of dietary intervention and physical activity on the MOSH
patient’s hormonal profile after a 10% weight loss compared to baseline. Fourteen
male patients were enrolled. Hormonal, lipid, glycemic profiles and body
composition were determined at baseline and after a 10% weight loss. Aging Male
Symptoms Scale (AMS) and Yale Food Addiction Scale (YFAS) were administered
to patients in order to investigate hypogonadal symptoms and food addiction.
Compared to baseline, a significant increase of Total Testosterone (TT) (300.2 + 79.5
ng/dl vs 408.3 + 125.9, p = 0.002, 95% CI 26.8; 167.7) and a reduction of 17-Beta
Estradiol level (48.3 + 14.9 pg/mL vs 39.2 + 15.2, p = 0.049, 95% CI 3.1; 0.0) were
observed. Total Fat Mass (FM) percentage, android and gynoid fat mass percentage
(39.2 +£6.4% vs 36.2 £ 5.8%, p =0.0001, 95% CI 22.5; 62.3; 51.5 + 6.8% vs 47.6 + 6.8%,
p = 0.001, 95% CI 0.6; 1.8, vs 39.2 + 6.2% vs 36.5 + 6.3% p= 0.0001, 95% CI 0.9; 2.0
respectively) were significantly decreased after nutritional intervention. In
addition, total Fat Free Mass (FFM) in kg was significantly reduced after 10%
weight loss (62.3+ 2.8 kg vs 60.3+ 7.7 kg, p = 0.002, 95% CI 45.0; 93.0). Lifestyle
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43 changes, specifically dietotherapy and physical activity, induce positive effects on
44 hypogonadism due to obesity.

45 Keywords: MOSH syndrome, lifestyle change, Food Addiction, Aromatase
46 activity, Testosterone/Estradiol Ratio.
47

48

49 1. Introduction

50 One of the major public health problems in the West is obesity. The toll on
51  quality of life is linked to several metabolic disorders caused by excessive adipose
52  tissue. Obesity causes a chronic low-grade inflammatory state, together with an
53 overflow of free fatty acids into the blood stream and their subsequent ectopic
54  deposition in vital organs [1,2]. According to non-communicable disease (NCD) Risk
55  Factor Collaboration (NCD- RisC) in 2014 about 266 million men and 375 million
56 women were obese worldwide [3]. In the past decades, a dramatic increase in its
57  prevalence has also been observed in children [4].

58 Hypogonadism is defined as a clinical condition characterized by altered
59 gonadal function and androgen deficiency [5]. Male hypogonadism is more
60 prevalent in middle-aged men (prevalence varies from 2.1 to 12.8%) [6]. However,
61  recent studies showed that prevalence of hypogonadism has increased over the last
62 10 years, and this condition is actually underestimated and underdiagnosed.
63  Sexually transmitted diseases, endocrine disruptors and obesity represent potential
64 emerging risk factors for male infertility [7-10]. In obese men, hypogonadism is
65 frequently a co-factor and it is strictly related to excess body fat and high plasma
66 levels of leptin [11]. This pathological condition impairs fertility, sexual function,
67 bone mineralization, fat metabolism, cognitive function, deteriorates muscle mass
68 and alters body composition [12].

69  Several studies demonstrated that a modest weight reduction (approximately 10%)
70 was able to increase longevity and prevent the onset of chronic non-communicable
71  diseases in obese people [13,14]. The expansion of adipose tissue is the basis of
72 obesity and its comorbidities. In particular, male obesity is frequently associated
73 with low Total Testosterone (TT) levels. Hypogonadism is often underdiagnosed,
74 despite its great impact on quality of life. It can cause erectile dysfunction,
75  gynecomastia, low bone mineral density, low libido and sarcopenia. Furthermore,
76 low testosterone levels exacerbate male obesity, facilitating adipose tissue
77  deposition in visceral sites. This crosstalk between adipose tissue-testis creates a
78  vicious cycle with deterioration in health status and life quality.

79 Male obesity secondary hypogonadism (MOSH) pathogenesis seems to be
80 multifactorial and its three major risk factors are hyperestrogenism, metabolic
81 endotoxemia and hyperleptinemia.

82 The first risk factor is constituted by adipose tissue expansion correlated to
83  weight gain, which is linked to an overexpression of the enzyme aromatase. This
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84  enzyme converts Testosterone into Estradiol (Testosterone-Estradiol shunt)[15]. The

85  hyperestrogenism decreases lutein hormone (LH) pituitary secretion through a

86 negative feedback action that impairs the synthesis and production of testosterone

87  from Leydig cells [16].

88 The second risk factor is metabolic endotoxemia. Tremellen et al., in GELDING

89  theory (Gut Endotoxin Leading to a Decline In Gonadal function), hypothesized that

90  hypercaloric and hyperlipidic diet causes the breakdown of the normal leaky gut,

91  thus facilitating the passage of bacterial endotoxin from gut lumen into the blood

92  stream (metabolic endotoxemia). Testosterone has an immunosuppressive action,

93 resulting in a reduced ability of the individual to fight infections. Therefore,

94  according to the GELDING theory, an evolution of the male reproductive axis

95 skewed towards a reduced production of Testosterone in the case of prolonged

96 exposure to bacterial endotoxins, would achieve a consequent decrease of its

97 immunosuppressive action. This innovative theory associates obesity, metabolic

98 endotoxemia and altered testicular function [17].

99 Several animal studies suggest that bacterial endotoxin (Lipopolysaccharides-
100  LPS) could be able to reduce testicular function by binding toll-like receptor 4 (TLR4)
101  on Leydig cells, stimulating the production of inflammatory cytokines [18,19].

102 Finally, the third risk factor is hyperleptinemia. Several studies have
103  demonstrated that an enhanced level of leptin, as observed in obese men, strongly
104  inhibits human chorionic gonadotropin (hCG)-stimulated androstenedione. This
105  evidence seems to relate to the Fat Mass percentage (FM%) and leptin levels. Caprio
106 et al. first highlighted the expression of leptin receptors (OB-R) in murine and
107  human Leydig cells [11].

108  Obesity is often characterized by compulsive intake of food and the inability not to
109  eat rather than the desire to do so. These symptoms are overlapping to those
110  described in Diagnostic and Statistical Manual of Mental Disorders-IV (DSM-1V) for
111  substances and drug dependence. For this reason, obesity may be considered a “food
112 addiction” [20]. Several studies suggest that the endogenous cannabinoid and opioid
113  systems are the main circuits of response to the rewarding value of food [21]. In our
114 pilot study, conducted on obese patients, we considered appropriate to evaluate the
115  possible presence of food addiction.

116~ We hereby refer to our study as a pilot given that the enrolled patients are exiguous
117  in number. The aim of this study was to evaluate the hormonal profile of obese
118 adults before and after nutritional intervention and physical activity, aimed at
119  achieving a weight loss of 10%. Particularly focusing on the activity of the enzyme
120 aromatase determined by the Total Testosterone/17-Beta Estradiol ratio. Moreover,
121 food addiction and hypogonadal signs and/or symptoms were assessed through
122 Aging Male Symptoms Scale (AMS)[22] and Yale Food Addiction Scale (YFAS) [23].
123

124 2. Materials and Methods

125 Twenty patients were screened from January-September 2016, amongst the
126  centers of the Clinical Nutrition Service of “Tor Vergata” University of Rome (Italy)
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127  and in the Unit of Endocrinology and Metabolic Diseases, Department of Systems
128  Medicine, “A. Alesini” Hospital of Rome (Italy). Inclusion criteria were: age 18-65
129  years, FM% > 30% estimated by DXA (dual-energy X-ray absorptiometry)
130  examination, signs and symptoms of hypogonadism and TT < 12.1 nmol/L (349
131  ng/dl). According to guidelines on male hypogonadism, the cut-off is 12.1 nmol/L.
132 It was selected because it allows to discern whether the TT values are normal or
133  associated with deficiency. In this range of values (12.1-8.0 nmol/L), it is necessary
134  in order to make a diagnosis of hypogonadism to evaluate the presence of three
135  sexual symptoms. Namely, decreased sexual thoughts, weakened morning erections
136  and erectile dysfunction [24,25].

137 Exclusion criteria were: major psychiatric diseases, cancers, infections and active
138 autoimmune diseases. Finally, 14 Caucasian, male patients with secondary
139  hypogonadism were recruited.

140 The protocol was written according to the ethical guidelines of Helsinki
141  Declaration and was approved by the ‘Tor Vergata’ University Medical Ethical
142  Committee. All patients enrolled in the study have provided signed consent, before
143 being enrolled in the study.

144 Body composition and laboratory parameters were determined at baseline and
145  after a 10% weight loss obtained by nutritional intervention.
146

147  2.1. Analysis of blood samples

148 Early morning blood samples were taken from each patient at baseline and after
149 a 10% weight loss in order to characterize hormonal (TT, LH, sex hormone binding
150  globulin-SHBG, albumin, prolactin, 17 beta estradiol, 25 OH vitamin D), lipidemic
151  (total cholesterol, low density lipoprotein-LDL, high density lipoprotein-HDL,
152  triglycerides-TG) and glycemic profiles (fasting glucose, fasting insulin).

153 Homeostatic model assessment index (HOMAIi) was calculated in order to
154  evaluate insulin sensitivity.
155 The accredited Biochemistry Laboratory of the University of Rome “Tor

156  Vergata” (Italy) performed the analyses.

157 2.2. Anthropometric measurements

158 After 12-h overnight fasting, anthropometric measurements were performed on
159  subjects in underwear. According to standard methods, the body weight (kg) was
160 measured to the nearest 0.01 kg, using an accurate balance scale (Invernizzi, Rome,
161  Italy) [26].

162 Height (m) was measured using a stadiometry to the nearest 0.1 cm (Invernizzi,
163  Rome, Italy). Body Mass Index (BMI) was calculated according to Quetelet Index
164  (calculated as body weight divided by height squared (kg/m?) [27].

165 Waist circumference has been measured on the horizontal plane between the
166 iliac crest and costal margin of the lower rib; the measure has been taken at the end
167  of expiration. Hip circumference was measured on the horizontal plane at the great
168  trochanter. Both measurements have been repeated [28].
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169

170  2.3. Dual-energy X-ray absorptiometry

171 Lean and fat body mass were studied by DXA (iDXA, G.E. Medical Systems, WI,
172 USA) [29].

173 The average measurement time was 20 min. The effective radiation dose from
174 this procedure was 0.01 mSv.

175 This technique assesses whole and segmental body soft tissue, together with fat,
176  lean mass and bone tissue.

177 The patient laid supine wearing a standard cotton t-shirt, shorts and socks. DXA

178  scan divides the body into six compartments (head, trunk, arms, legs, android and
179 gynoid areas). The software is able to distinguish fat and lean body mass and bone
180 mineral content for each region.

181  2.4. Questionnaires

182 Two questionnaires were administered to the patients: AMS [22] and YFAS [23].
183 The AMS is a standardized scale according to psychometric norms, designed in
184 1999 in order to determine aging symptoms and their severity over the time. The
185  questionnaire, composed of 17 questions each scoring from 1 to 5, identifies three
186 different categories of symptoms: psychological, somato-vegetative and sexual [30].
187  The total AMS score may vary from 17 to 85, and distinguishes five grades of
188  severity, ranging from no/little complaints to severe complaints.

189 The YFAS, on the other hand, investigates addiction symptoms related to the
190 consumption of high fat and high sugar foods. This questionnaire is based on
191  diagnostic criteria from the DSM IV addictive substances. Two different summary
192  scores were used to evaluate the presence of food addiction in our population: a
193  dichotomous diagnosis (yes/no) and a symptom count (A-H) [23]. The version of the
194  YFASused was “YFAS 1.07, translated into Italian language by Innamorati et al. [31].
195 Then we evaluated changes in percentage between pre and post dietotherapy and
196  PA treatment.

197  2.5. Nutritional intervention

198  Nutritional therapy, comprising a customized nutrition plan and personalized
199 dietary counselling, was performed based on body composition and
200 anthropometrical features of single patient. Nutritional intervention in combination
201  with the physical activity (PA) program was aimed at achieving a reduction of 10%
202  body weight compared to baseline body weight of the subjects. The mean time of
203  our combinatorial treatment (nutritional intervention and PA) was of 3 +1 months.
204 The nutritional treatment consisted in a hypocaloric (basal metabolism estimated by
205 De Lorenzo’s formula) [32], high-protein diet (1.5 g/kg ideal body weight/day). Diet
206 energy gap was between 170-250 kcal/day for 10% weight loss [33]. The
207  macronutrient composition was: carbohydrates 45-50% kcal/day; proteins 20-25%
208  kcal/day; total fat 30% kcal/day (saturated fat < 7% kcal/day; polyunsaturated fatty
209  acids, 10-20% kcal/day and monounsaturated fatty acids, 10-20% kcal/day;
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210  cholesterol consumption <300 mg/day). Fiber daily intake was 25-30 g. Sodium daily
211  intake was <5 g. No alcoholic beverages were allowed. The diet prescribed consisted
212  in five meals following a “Mediterranean” style: breakfast, snack, lunch, afternoon
213 snack and dinner. All macronutrients (proteins, carbohydrate, lipids) were present
214 in each meal. The diet set was kind an Italian Mediterranean Diet, characterized by
215  ahigh consumption of fruits, fresh vegetables and extra virgin olive oil. The protein
216  source was mainly represented by vegetables (legumes and cereals) and fish[2]. The
217  patient’s compliance was checked through nutritional counselling made by expert
218  dietitians. All patients have been led to correct food choices. The plan for each
219  subject was obtained from a dietetic software package (Dietosystem, DS Medica,
220 Milan, Italy).

221 All subjects were advised to take probiotics as dietary regimens adjuvants.

222 2.6. Physical activity program

223 All subjects were prescribed PA, 150 min per week of aerobic activity at mild
224  intensity (50-70% of max heart rate-HR) and/or 90 min per week activity at high
225  intensity (>70% max HR).

226 All patients were recommended to practice PA at least three days per week,
227  according to guidelines of the Italian Diabetes Society [34]. For the evaluation of
228  compliance of prescribed PA, we performed counselling sessions. Moreover, a
229  personal trainer who was part of our team followed the enrolled patients.

230 2.7. Statistical Analysis:

231 All data was initially entered into an Excel spreadsheet (Microsoft, Redmond,
232  Washington — United States) and the statistical analysis was performed using the
233  Statistical Social Package for Windows, version 15.0 (SPSS, Chicago, Illinois, USA).
234  The descriptive statistics consisted of the mean + standard deviation for parameters
235  with normal distributions (after confirmation with histograms and the Kolgomorov-
236  Smirnov test), the median and the interval (minimum; maximum) for variables with
237  non-normal distributions. The comparison of the normal variables between pre and
238 post treatment was performed with a paired T-test, also presenting the mean
239  differences and 95% confidence interval (CI). Whilst for non-normal variables the
240  Wilcoxon test for paired data was performed. The McNemar test was performed to
241  compare dichotomous data before and after dietary intervention and PA. Pearson’s
242  correlation analysis was carried out for the evaluation of a possible linear
243  relationship between hormonal profile values and all the other variables examined.
244 Avalue of p <0.05 was considered statistically significant. All graphs were produced
245  with Excel (Microsoft, Redmond, Washington — United States).

246

247 3. Results

248  Twelve (mean age 46.6 + 14 years; min-max 25-63 years) out of the 14 recruited
249  patients completed the study protocol (two of them did not reach the designated
250  10% weight loss).
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251  The enrolled patients were addressed to our clinical center for the following reasons:
252 obesity (50%), erectile dysfunction (22%), gynecomastia (21%) and couple infertility
253 (7%).

254  Patients with gynecomastia were also investigated with breast ultrasound in order
255  to exclude a true gynecomastia and to confirm pseudo-gynecomastia.

256 Table 1 summarizes the baseline demographic, anthropometrical and laboratory
257  parameters of the study population.

258 Table 1. Demographic, anthropometrical and blood parameters at baseline.

1) Demographic and Anthropometrical Parameters:

Age (years) 46.6 + 14 (min 25; max 63)
BMI (kg/m?) 36.2+ 7.6 (min 26.9;max 51.5)
2) Blood parameters:
Total Testosterone (ng/dl) 300.2 +79.5
17- Beta Estradiol (pg/ml) 48.3+14.9
TT/E2 68.6 +32.6
LH (mIU/ml) 6.2+1.2
SHBG (nmol/l) 21.5+8.8
Prolactin (ng/ml) 11.9+2.7
HOMAI 41+23
25-OH vitamin D (ng/ml) 113+74
ColT/HDL 46+1.2
LDL/HDL 31+1.1
TG/HDL 2.7+0.9
259 Data is expressed as mean + standard deviation. The demographic and anthropometrical findings also show
260 minimum and maximum range.

261 BMI: Body Mass Index; TT: Total Testosterone; E2: 17-Beta Estradiol; LH: Lutein Hormone; SHBG: Sex Hormone
262 Binding Globulin, HOMAi: Homeostatic Model Assessment Index; ColT/HDL: total cholesterol/high density
263 lipoprotein; LDL/HDL: low density lipoprotein/high density lipoprotein; TG/HDL: triglycerides/ high density
264 lipoprotein.

265

266 At baseline mean TT value 300.2 + 79.5 ng/dl was observed, resulting in lower
267  than the average normal value for age and sex (> 349 ng/dl or 12.1 nmol/L). Mean
268  17-Beta Estradiol (E2) value was 46.3 + 13.1 pg/ml, slightly higher compared to the
269 normal range for age and sex (normal range < 45 pg/ml). Mean HOMAI value was
270 4.1 +2.3, suggesting an insulin resistance in enrolled patients. In addition, this data
271  correlated with an android fat distribution (android/gynoid ratio 1.29 + 0.08 as
272  reported in Table 2), corroborating the hypothesis that visceral obesity favors insulin
273  resistance, as showed in several previous studies [35-37].

274 In this population hypovitaminosis D (vitamin D levels below 30 ng/ml) has

275  been shown in 93% of patients.
276
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288 Figure 1. Spaghetti plot of hormonal profile at baseline and after 10% weight loss with individual patient
289 trajectories indicated by colored lines. a. TT b. E2 c¢. aromatase enzyme activity, expressed as TT/E2.
290

291 A significant enhancement of TT after nutritional intervention (408.3 + 125.9 ng/dl
292 vs 300.2 +79.5 ng/dl, p=0.002, 95% CI 26.8; 167.7) was observed, accompanied by a
293  significant reduction of 17-Betaestradiol level after a 10% weight loss (48.3 + 14.9
294  pg/mlvs 39.2 +15.2 pg/ml, p=0.049, 95% CI 301; 0.0).

295 Moreover, aromatase enzyme activity, expressed as total testosterone/17-beta
296 estradiol ratio was significantly improved after a 10% weight loss (68.6 +32.6 vs 111.5
297  £51.7, p=0.003, 95% CI 10.1; 66.6).

298 Table 2 reported body composition parameters were observed at baseline and
299  after 10% weight loss. Total FM% was significantly decreased after nutritional
300 intervention (39.2 6.4 % vs 36.2+5.8 %, p=0.0001, 95% CI 22.5; 62.3). Similar results
301  were observed in android and gynoid FM% (51.5 + 6.8% vs 47.6 + 6.8%, p=0.001, 95%
302 CI0.6; 1.8; 39.2 £ 6.2% vs 36.5 + 6.3%, p= 0.0001, 95% CI 0.9; 2.0). FFM (kg) was
303 significantly reduced at the end of the study (62.3 + 8.2 kg vs 60.3 + 7.7 kg, p=0.002,
304  95% CI45.0;93.0).

305 Vitamin D increased significantly after 10% weight loss (11.3 + 7.4 ng/ml vs 22.9
306 +9.9ng/ml, p=0.034, 95% CI1 4.9; -25.4).
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307 Table 2. Body composition parameters at baseline and after 10%weight loss.
Body composition parameters Baseline After 10% weight loss P value 95% CI
Weight (kg) 109.3 +20.5 100.8 +19.6 0.0001 0.6; 8.0
BMI (kg/m? 362+7.6 334+74 0.0001 0.5;1.7
WHR 0.9+0.1 0.9+0.1 0.052 0.01; 0.00
Total FM% 39.2+6.4 36.2+58 0.0001 22.5;62.3
Android FM% 51.5+6.8 476+6.8 0.001 0.6;1.8
Gynoid FM% 39.2+6.2 36.5£6.3 0.0001 0.9;2.0
FM L2-L5 (kg) 7.33+27 6.0£2.4 0.0001 04;1.8
Total FM (kg) 423+11.8 36.8+£9.9 0.0001 0.1;-0.3
Total FEM (kg) 62.3+82 60.3+7.7 0.002 45.0; 93.0
A/G 1.29+0.08 1.31+0.09 0.784 22.1;86.9
BMD (g/cm?) 14205 1404 0.359 0.1;-0.3
308 Data is expressed as mean + standard deviation (SD). p value <0.05 is considered significant. CI: Confidence

309 Interval

310 BMI: Body Mass Index; WHR: Waist-Hip-Ratio; FM%: Fat Mass Percentage; FM: Fat Mass; FFM: Fat Free

311 Mass; A/G: Android/Gynoid; BMD: Bone mineral density.

312

313

314  The patients following both nutritional intervention and PA prescription obtained
315 the best outcomes. Bone mineral density was not modified during the study period.
316 A significant reduction in BMI was shown after 10% weight loss compared to
317  Dbaseline values. No significant reduction in waist-hip ratio and android/gynoid fat
318 distribution was shown, probably as result of a weight loss, which interested all
319  Dbody fat districts and not only android or gynoid ones.

320 AMS score demonstrated that 27.2% of patients had somatovegetative
321 symptoms and 36.4% of patients had psychological symptoms. Whilst 27.3% of
322 patients had all three symptoms: somatovegetative, psychological, and sexual
323 complaints. Finally, 9.1% patients had both somatovegetative and psychological
324  symptoms.

325 YFAS test, as reported in table 3, showed that at baseline 54.5% of enrolled
326  patients were positive for food addiction versus only 9.1% was positive following a
327  10% weight reduction.

328
329
330
331
332
333
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334 Table 3. Comparison of the Yale Food Addiction Scale (YFAS) results at baseline and after 10% weight loss.

Patient group
After 10% weight
Baseline p (McNemar’s test)
loss
(%)
(%)
Prevalence of food addiction 54.5 9.1 0.063
Prevalence of every symptom:
A. Substance taken in larger 36.4 0 0.125
amount and for a longer period
than intended
B. Persistent desire or repeated 36.4 54.5 0.500
unsuccessful attempt to quit
C. Much time/activity required to 18.2 27.3 0.500
obtain, use, and recover
D. Important social, occupational, 54.5 18.2 0.250
or recreational activities given up
or reduced
E. Use continues despite 27.3 9.1 0.063
knowledge of adverse
consequences
F. Tolerance 18.2 0 0.500
G. Withdrawal 9.1 0 1
H. Clinically significant 36.4 9.1 0.250
impairment

335

336 Moreover, it was evaluated whether the single examined variables modified in
337  relationship to the entity of weight loss during the study period. An inverse, but not
338 significant, correlation between the increase in TT levels and weight loss (p=0.608;
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339 =-0.174) was found. For all the other examined variables, no significant correlation
340 was found between their modification during the study period and the observed
341 weight loss. We examined other baseline predictors of changes such as age. This
342  predictor was homogeneous in our study population, since it has been tested against
343  weight, BMI, WHR and BMD without being statistically significant. Pearson
344  correlation analysis was performed for the evaluation of the possible linear
345  relationship between the changes observed at the end of the study in the hormonal
346  profile and all other variables examined (such as age, baseline lipid profile, baseline
347  anthropometric parameters, baseline questionnaire scores and vitamin D levels) but
348 we didn’t find any statistical significance.

349 4. Discussion

350 In the present pilot study, we demonstrated that life-style changes (referred to
351  as nutritional intervention and PA) alone were able to improve body composition,
352  as well as hormonal and metabolic profiles. We observed an increase in TT blood
353 levels. In accordance to this, FM%, android and gynoid FM%, and 17-Beta Estradiol
354  blood levels all reduced. Additionally, aromatase activity was markedly decreased
355  after 10% weight loss. Unexpectedly, in our small sample we observed a significant
356  reduction of FFM (kg), which is possibly correlated to the hydration status of the
357  patients.

358 We hypothesize that the patients have achieved a reduction in overhydration,
359  since nutritional intervention and PA typically induce dehydration which can result
360 in apparent reduction of FFM (kg) [38]. However, having only performed DXA
361 examination to measure body composition [39] we cannot be certain, as this
362 instrument does not quantify hydration status. A further investigation in order to
363  assess hydration status would be required in a randomized controlled trial (RCT).
364 Table 2, 95% CI provides the measurements of the average difference between
365 pre and post dietoterapy and PA intervention of the body composition parameters
366 examined; consequently, the most significant values present a wider range.

367 We also evaluated if the A weight could affect all variables examined; however
368 we found no significant correlation. A TT is inversely but not significantly correlated
369 to A weight. We also examined the age of enrolled patients as a possible baseline
370  predictor of the changes observed, against the variables examined, but it was not
371  statistically significant.

372 Furthermore, we examined, through Pearson's correlation analysis, the possible
373 impact of all the baseline parameters on the change observed on the hormonal
374  profile after the nutritional intervention and physical activity, finding no significant
375  correlation.

376 Surprisingly, vitamin D increased significantly after the 10% weight loss. We
377  hypothesize that its enhancement may be related to the loss of adipose tissue that
378  stores vitamin D. A recent study demonstrated that obese subjects (OS) have more
379  storage sites for vitamin D, suggesting that OS have a greater demand for vitamin D
380 in deposits with a consequent reduction in their serum levels [40].
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381 During the study, two patients dropped out from our 14 patient sample, because
382  of their debilitating level of food addiction that prevented them from following the
383  prescribed dietotherapy protocol.

384 Food addiction did not reduce in a statistically significant manner after the
385 nutritional intervention and probiotic supplementation. About the symptom count,
386  we observed a reduction in the prevalence of most of them with the exception of the
387 symptoms B (persistent desire or repeated unsuccessful attempt to quit) and C
388  (much time/activity required to obtain, use, and recover). All the observed variations
389  are not statistically significant mainly due to the small sample.

390 We hypothesize that the increment of YFAS symptom B (persistent desire or
391 repeated unsuccessful attempt to quit), observed after a 10% weight loss, can be
392  ascribed to possible mood disturbances. In fact, the symptom B induces in the
393 individual an altered mood state with a consequent and persistent anxiety, caused
394 Dby food deprivation. Furthemore, we found a slight increment in C (much
395 time/activity required to obtain, use, and recover) symptomatology after combined
396 therapeutic intervention possibly due to the loss of control induced by the prescribed
397  hypocaloric regime. However given our small sample size, an RCT should be
398 conducted in order to analyze the social, familial and biologic profile of each patient
399  with conseguent greater reliability of the food addiction results.

400 It would be advisable, moreover, to carry out a major clinical trial in order to
401  evaluate the action of life style changes on the gut microbiota composition and the
402  possible therapeutic response of the patients. In fact, OS show a different
403  composition of gut microbiota which is correlated to eating behavior [41].

404 PA also plays a key role in the treatment of obesity secondary hypogonadism.
405 Muscle-derived peptides, called “myokines”, released after physical activity, act on
406  adipose tissue with anti-inflammatory effect [42] . In particular, irisin derived from
407  the cleavage of fibronectin type III domain containing protein 5 (FNDC5) and
408 released after exercise or muscle shivering, causes the transformation of white fat
409  cells (storage adipose tissue) into cells with phenotype similar to that of brown fat
410  cells. Thus regulating thermogenesis, exerting an anti-inflammatory action and
411  reducing macrophage migration to adipose tissue [43,44]. Therefore, we prescribed
412  PA in order to use fat browning as a therapeutic tool for obesity and metabolic
413  disorders.

414 Other studies investigated the impact of lifestyle changes on the endocrine-
415 metabolic profile and body composition.
416 Armamento-Villareal R. et al studied the effect of lifestyle changes on hormone

417  levels in frail obese older men. After 12 months of intervention, weight loss
418  decreased total and free Estradiol, but showed no improvement on total and free
419  Testosterone levels. The most important weakness of this study is that the subjects
420  enrolled are frail, obese, older men. They are not representative of all obese men
421  population. In this type of patients weight loss is not the best approach for raising
422  Testosterone levels because it can worsen age-related muscle and bone loss [45].

423 Another study investigated hormonal profile after a dietary program for 8-20
424  weeks. They studied 24 moderately obese men and they observed that a mean
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425 weight loss of 19 kg caused the normalization of estrone, E2, TT and free
426  Testosterone levels. However, they did not implement a PA regime and their dietary
427  intervention consisted in a supplemented fasting program (320 kcal/day).

428  Compared to this study, our pilot study demonstrated that with a much milder
429  dietary restriction (170-250 kcal/day reduction compared to basal metabolism) the
430 same results can be achieved, thanks to the combination with PA [46].

431  An important meta-analysis by Corona et al. [47], addressed twenty-four studies.
432  Among these, twenty-two evaluated the effects of diet or bariatric surgery and the
433  last two investigated their combined effects on hormonal profile in men with obesity
434  associated hypogonadotropic hypogonadism. The authors concluded that weight
435 loss is associated with an increase on TT and free Testosterone levels and that
436  bariatric surgery is more effective compared to low-calorie diet on the hormonal
437  profile. An important difference between our study and this meta-analysis is that we
438 achieved a normalization of TT, E2 and aromatase levels, exclusively through
439  lifestyle changes without having to resort to bariatric surgery.

440  Our pilot study has implications for human health. We show that lifestyle changes
441  improve body composition and hormonal profile, representing a first choice therapy
442  in the treatment of obesity secondary hypogonadism, without having to recur to
443  Testosterone administration, avoiding cardiovascular and gastro-enteric side effects.
444 For the first time, we examined the effect of lifestyle changes in obese patients whose
445  Testosterone levels alone did not allow the diagnosis of male hypogonadism. In fact,
446  according to the guidelines of male hypogonadism, we selected the cut off of 12.1
447  nmol/ 1 associated with the presence of one of three sexual symptoms (reduction of
448  sexual thinking, weakness of morning erections and erectile dysfunction) to
449  highlight borderline subjects [19,48].

450  Given the positive result that have been obtained, it would be optimal to further this
451  pilot study with a RCT.

452 It would be ideal to perform an RCT on a large sample in order to evaluate if the
453  lifestyle changes in subjects with sub-threshold MOSH could be a first line
454  therapeutic strategy. Moreover, from the analysis of the possible correlations
455  observed, it could be possible to infer which kind of patient would show a better
456  response to this kind of intervention.

457

458 Acknowledgments: We thank Dr Massimiliano Caprio and Prof Andrea Fabbri for the clinical assistance. We
459 thank Dr Georgia Wilson Jones for the language revision of the manuscript. We are indebted to Prof Riccardo
460 Calafiore for his suggestions.

461 Authors Contributions: ADL and NDD conceived and designed the experiments. AN and EM performed the
462 experiments. TR and GM analyzed the data. AN, EM and VR wrote the paper. All authors contributed to revising
463 the manuscript and have approved the final version.

464 Conflicts of Interest: The authors declare no conflict of interest. The founding sponsors had no role in the design
465 of the study; in the collection analyses, or interpretation of data; in the writing of the manuscript, and in the
466 decision to publish the results.

467


http://dx.doi.org/10.20944/preprints201803.0259.v1
http://dx.doi.org/10.3390/nu10040474

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 March 2018 d0i:10.20944/preprints201803.0259.v1

468 References

469 1. De Lorenzo, A.; Soldati, L.; Sarlo, F.; Calvani, M.; Di Lorenzo, N.; Di Renzo, L. New

470 obesity classification criteria as a tool for bariatric surgery indication. World |
471 Gastroenterol 2016, 22, 681-703.

472 2. Di Daniele, N.; Noce, A.; Vidiri, M.F.; Moriconi, E.; Marrone, G.; Annicchiarico-
473 Petruzzelli, M.; D'Urso, G.; Tesauro, M.; Rovella, V.; De Lorenzo, A. Impact of
474 mediterranean diet on metabolic syndrome, cancer and longevity. Oncotarget
475 2017, 8,8947-8979.

476 3. Collaboration, N.C.D.R.F. Trends in adult body-mass index in 200 countries from
477 1975 to 2014: A pooled analysis of 1698 population-based measurement studies
478 with 19.2 million participants. Lancet 2016, 387, 1377-1396.

479 4. Ng, M.; Fleming, T.; Robinson, M.; Thomson, B.; Graetz, N.; Margono, C.; Mullany,
480 E.C.; Biryukov, S.; Abbafati, C.; Abera, S.F,, et al. Global, regional, and national
481 prevalence of overweight and obesity in children and adults during 1980-2013:
482 A systematic analysis for the global burden of disease study 2013. Lancet 2014,
483 384, 766-781.

484 5. Nieschlag E; al., e. Andrology: Male reproductive health and dysfunction. 3rd ed.;
485 Springer-Verlag Berlin Heidelberg 2010.

486 6. Hall, S.A.; Esche, G.R,; Araujo, A.B.; Travison, T.G.; Clark, R.V.; Williams, R.E,;
487 McKinlay, ].B. Correlates of low testosterone and symptomatic androgen
488 deficiency in a population-based sample. J Clin Endocrinol Metab 2008, 93, 3870-
489 3877.

490 7. Gore, A.C.; Chappell, V.A,; Fenton, S.E.; Flaws, J.A.; Nadal, A.; Prins, G.S.; Toppari,
491 J.; Zoeller, R.T. Edc-2: The endocrine society's second scientific statement on
492 endocrine-disrupting chemicals. Endocr Rev 2015, 36, E1-E150.

493 8. Mihalca, R.; Fica, S. The impact of obesity on the male reproductive axis. ] Med
494 Life 2014, 7, 296-300.

495 9, Skakkebaek, N.E.; Rajpert-De Meyts, E.; Buck Louis, G.M.; Toppari, ].; Andersson,
496 AM.; Eisenberg, M.L.; Jensen, T.K,; Jorgensen, N.; Swan, S.H.; Sapra, K.J., et al. Male
497 reproductive disorders and fertility trends: Influences of environment and
498 genetic susceptibility. Physiol Rev 2016, 96, 55-97.

499 10. Canale, M.P.; Manca di Villahermosa, S.; Martino, G.; Rovella, V.; Noce, A.; De
500 Lorenzo, A.; Di Daniele, N. Obesity-related metabolic syndrome: Mechanisms of
501 sympathetic overactivity. Int | Endocrinol 2013, 2013, 865965.

502 11. Caprio, M,; Isidori, A.M.; Carta, A.R.; Moretti, C.; Dufau, M.L.; Fabbri, A. Expression
503 of functional leptin receptors in rodent leydig cells. Endocrinology 1999, 140,
504 4939-4947.

505 12. Nieschlag, E.; Behre, H.M.; Bouchard, P.; Corrales, ].J.; Jones, T.H.; Stalla, G.K;
506 Webb, S.M.; Wu, F.C. Testosterone replacement therapy: Current trends and
507 future directions. Hum Reprod Update 2004, 10, 409-419.

508 13. Goldstein, D.]. Beneficial health effects of modest weight loss. Int | Obes Relat
509 Metab Disord 1992, 16, 397-415.


http://dx.doi.org/10.20944/preprints201803.0259.v1
http://dx.doi.org/10.3390/nu10040474

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 March 2018 d0i:10.20944/preprints201803.0259.v1

510 14. Pasanisi, F.; Contaldo, F.; de Simone, G.; Mancini, M. Benefits of sustained

511 moderate weight loss in obesity. Nutr Metab Cardiovasc Dis 2001, 11, 401-406.
512 15.  Cohen, P.G. The hypogonadal-obesity cycle: Role of aromatase in modulating the
513 testosterone-estradiol shunt--a major factor in the genesis of morbid obesity.
514 Med Hypotheses 1999, 52, 49-51.

515 16. Schulster, M.; Bernie, A.M.; Ramasamy, R. The role of estradiol in male
516 reproductive function. Asian ] Androl 2016, 18, 435-440.

517 17.  Tremellen, K. Gut endotoxin leading to a decline in gonadal function (gelding) -
518 a novel theory for the development of late onset hypogonadism in obese men.
519 Basic Clin Androl 2016, 26, 7.

520 18. Shang, T.; Zhang, X.; Wang, T.; Sun, B.; Deng, T.; Han, D. Toll-like receptor-
521 initiated testicular innate immune responses in mouse leydig cells.
522 Endocrinology 2011, 152, 2827-2836.

523 109. Dohle GR, A.S., Bettocchi C, Jones TH, Kliesch S. Eau guidelines in male
524 hypogonadism. European Association of Urology: 2015.

525  20. Volkow, N.D.; O'Brien, C.P. Issues for dsm-v: Should obesity be included as a
526 brain disorder? Am J Psychiatry 2007, 164, 708-710.

527  21. Cota, D.; Tschop, M.H.; Horvath, T.L.; Levine, A.S. Cannabinoids, opioids and
528 eating behavior: The molecular face of hedonism? Brain Res Rev 2006, 51, 85-
529 107.

530 22. Heinemann, L.; Zimmermann, T.; Vermeulen, A.; Thiel, C. A new “aging male’s
531 symptoms” (ams) rating scale. The Aging Male 1999, 2, 105-114.

532 23. Gearhardt, A.N.; Corbin, W.R.; Brownell, K.D. Preliminary validation of the yale
533 food addiction scale. Appetite 2009, 52, 430-436.

534 24. Dandona, P.; Rosenberg, M.T. A practical guide to male hypogonadism in the
535 primary care setting. Int ] Clin Pract 2010, 64, 682-696.

536  25. Bhasin, S.; Woodhouse, L.; Casaburi, R.; Singh, A.B.; Bhasin, D.; Berman, N.; Chen,
537 X.; Yarasheski, K.E.; Magliano, L.; Dzekov, C., et al. Testosterone dose-response
538 relationships in healthy young men. Am ] Physiol Endocrinol Metab 2001, 281,
539 E1172-1181.

540 26. Lohman, T.; Roche, A.; Martorell, R. Anthropometric standardization reference
541 manual. Human Kinetics Press: Champaing, IL, USA, 1998.

542  27. Nuttall, F.Q. Body mass index: Obesity, bmi, and health: A critical review. Nutr
543 Today 2015, 50,117-128.

544  28. Madden, A.M.; Smith, S. Body composition and morphological assessment of
545 nutritional status in adults: A review of anthropometric variables. | Hum Nutr
546 Diet 2016, 29, 7-25.

547  209. De Lorenzo, A.; Bianchi, A.; Maroni, P.; [annarelli, A.; Di Daniele, N.; lacopino, L.;
548 Di Renzo, L. Adiposity rather than bmi determines metabolic risk. Int ] Cardiol
549 2013, 166,111-117.

550 30. Heinemann, L.A;; Saad, F.; Zimmermann, T.; Novak, A.;; Myon, E.; Badia, X,;
551 Potthoff, P.; T'Sjoen, G.; Pollanen, P.; Goncharow, N.P,, et al. The aging males'


http://dx.doi.org/10.20944/preprints201803.0259.v1
http://dx.doi.org/10.3390/nu10040474

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 March 2018 d0i:10.20944/preprints201803.0259.v1

552 symptoms (ams) scale: Update and compilation of international versions. Health
553 Qual Life Outcomes 2003, 1, 15.

554  31. Innamorati, M.; Imperatori, C.; Manzoni, G.M.; Lamis, D.A.; Castelnuovo, G;
555 Tamburello, A.; Tamburello, S.; Fabbricatore, M. Psychometric properties of the
556 italian yale food addiction scale in overweight and obese patients. Eat Weight
557 Disord 2015, 20, 119-127.

558  32. De Lorenzo, A.; Tagliabue, A.; Andreoli, A.; Testolin, G.; Comelli, M.; Deurenberg,
559 P. Measured and predicted resting metabolic rate in italian males and females,
560 aged 18-59y. Eur ] Clin Nutr 2001, 55, 208-214.

561 33. Hill, ].0.; Wyatt, H.R.; Peters, ].C. Energy balance and obesity. Circulation 2012,
562 126,126-132.

563 34.  Associazione Medici Diabetologi. Standard italiani per la cura del diabete mellito.
564 Societa Italiana di Diabetologia (SID): 2016.

565 35. Kaur, J. A comprehensive review on metabolic syndrome. Cardiol Res Pract
566 2014, 2014, 943162.

567  36. Donohoe, C.L.; Doyle, S.L.; Reynolds, J.V. Visceral adiposity, insulin resistance and
568 cancer risk. Diabetol Metab Syndr 2011, 3, 12.

569  37. Castro, A.V,; Kolka, C.M.; Kim, S.P.; Bergman, R.N. Obesity, insulin resistance and
570 comorbidities? Mechanisms of association. Arq Bras Endocrinol Metabol 2014,
571 58, 600-609.

572  38. Toomey, C.M.; McCormack, W.G.; Jakeman, P. The effect of hydration status on
573 the measurement of lean tissue mass by dual-energy x-ray absorptiometry. Eur
o574 J Appl Physiol 2017, 117, 567-574.

575  39. Noce, A.; Vidiri, M.F.; Marrone, G.; Moriconi, E.; Bocedi, A.; Capria, A.; Rovella, V,;
576 Ricci, G.; De Lorenzo, A.; Di Daniele, N. Is low-protein diet a possible risk factor
577 of malnutrition in chronic kidney disease patients? Cell Death Discov 2016, 2,
578 16026.

579 40. Carrelli, A;; Bucovsky, M.; Horst, R.; Cremers, S.; Zhang, C.; Bessler, M.; Schrope,
580 B.; Evanko, |.; Blanco, |.; Silverberg, S.],, et al. Vitamin d storage in adipose tissue
581 of obese and normal weight women. J/ Bone Miner Res 2017, 32, 237-242.

582  41. Annalisa, N.; Alessio, T.; Claudette, T.D.; Erald, V.; Antonino de, L.; Nicola, D.D. Gut
583 microbioma population: An indicator really sensible to any change in age, diet,
584 metabolic syndrome, and life-style. Mediators Inflamm 2014, 2014, 901308.

585 42.  Pedersen, B.K. Muscle as a secretory organ. Compr Physiol 2013, 3, 1337-1362.
586 43. Mazur-Bialy, A.L; Bilski, J.; Pochec, E.; Brzozowski, T. New insight into the direct

587 anti-inflammatory activity of a myokine irisin against proinflammatory
588 activation of adipocytes. Implication for exercise in obesity. /] Physiol Pharmacol
589 2017, 68, 243-251.

590 44. Jastroch, M.; Oelkrug, R.; Keipert, S. Insights into brown adipose tissue evolution
591 and function from non-model organisms. | Exp Biol 2018, 221.

592 45, Armamento-Villareal, R.; Aguirre, L.E.; Qualls, C.; Villareal, D.T. Effect of lifestyle
593 intervention on the hormonal profile of frail, obese older men. | Nutr Health

594 Aging 2016, 20, 334-340.


http://dx.doi.org/10.20944/preprints201803.0259.v1
http://dx.doi.org/10.3390/nu10040474

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 March 2018 d0i:10.20944/preprints201803.0259.v1

595 4e6. Stanik, S.; Dornfeld, L.P.; Maxwell, M.H.; Viosca, S.P.; Korenman, S.G. The effect of

596 weight loss on reproductive hormones in obese men. J Clin Endocrinol Metab
597 1981, 53, 828-832.

598 47. Corona, G.; Rastrelli, G.; Monami, M.; Saad, F.; Luconi, M.; Lucchese, M.; Facchiano,
599 E.; Sforza, A.; Forti, G.; Mannucci, E, et al. Body weight loss reverts obesity-
600 associated hypogonadotropic hypogonadism: A systematic review and meta-
601 analysis. Eur | Endocrinol 2013, 168, 829-843.

602 48. Woodard, G.; Ahmed, S.; Podelski, V.; Hernandez-Boussard, T.; Presti, J., Jr;
603 Morton, J.M. Effect of roux-en-y gastric bypass on testosterone and prostate-

604 specific antigen. Br ] Surg 2012, 99, 693-698.


http://dx.doi.org/10.20944/preprints201803.0259.v1
http://dx.doi.org/10.3390/nu10040474

