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Abstract

:

Currently, adipose tissue is considered an endocrine organ, however, there are still many questions regarding the roles of adipokines—leptin and ghrelin being two adipokines. The purpose of the study was to assess the relationship between the adipokines and their ratio with obesity and diabetes. Methods: Sixty patients (mean age 61.88 ± 10.08) were evaluated. Cardiovascular risk factors, leptin, ghrelin, and insulin resistance score values were assessed. The patients were classified according to their body mass index (BMI) as normal weight, overweight, and obese. Results: 20% normal weight, 51.7% overweight, 28.3% obese, and 23.3% diabetic. Obese patients had higher leptin values (in obese 34,360 pg/mL vs. overweight 18,000 pg/mL vs. normal weight 14,350 pg/mL, p = 0.0049) and leptin/ghrelin ratio (1055 ± 641 vs. 771.36 ± 921 vs. 370.7 ± 257, p = 0.0228). Stratifying the analyses according to the presence of obesity and patients’ gender, differences were found for leptin (p = 0.0020 in women, p = 0.0055 in men) and leptin/ghrelin ratio (p = 0.048 in women, p = 0.004 in men). Mean leptin/BMI and leptin/ghrelin/BMI ratios were significantly higher, and the ghrelin/BMI ratio was significantly lower in obese and diabetic patients. In conclusion, obesity and diabetes are associated with changes not only in the total amount but also in the level of adipokines/kg/m2. Changes appear even in overweight subjects, offering a basis for early intervention in diabetic and obese patients.
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1. Introduction


It is well known that in last 50 years diet (with an excessive supply of energy delivered with food), lower energy expenditure and lifestyle changes are responsible for increasing prevalence of obesity (2.5 billion adults being reported as overweight or obese in 2016 [1]) and diabetes mellitus (more than 400 million adults diagnosed in 2019) [2,3,4]. Obesity and diabetes are both considered at this time public health issues [5,6,7,8,9]. Hundreds of millions of people, all over the world [4,10,11], are confronting their effects, literature suggesting a strong association between them [12].



Currently, obesity is considered a heterogeneous syndrome [13], the same fat mass excess being associated with various types of metabolic profile and risk [3,14]. Various types of intervention for obesity prevention and treatment have been proposed (diets, pharmacological interventions, or bariatric surgery). It is very important to make an accurate selection of obese patients gaining the most benefits, but also identify those with developing high-risk complications.



Taking into consideration the previously mentioned data, in recent years, the focus has shifted from adipose tissue as a fat storage organ [15] to an endocrine and immune organ [7,10,16,17,18,19,20,21,22,23], secreting various types of molecules [7,11,15,22]. The last decade has witnessed an increase in the number of discovered adipokines, with more than 600 adipokines being secreted by adipose tissue, and with an increasing need to identify their roles and clinical relevance [18]. Adipokines are involved in appetite regulation [22], energy balance, glucose homeostasis, lipid metabolism, in the pathogenesis of insulin resistance [18,20], diabetes mellitus, atherosclerosis, hypertension, metabolic syndrome, cardiovascular disease, and cancer [21,24,25,26,27]. Currently, inadequate adipokines’ secretion can emphasize adipose tissue dysfunction [15,18,21], linking obesity to other comorbidities (including diabetes) [15,18,19,20,22,23,28,29].



Despite this great interest in the implied mechanism in obesity and diabetes, there are still many questions in the debate on the role of adipokines. Most research on this topic has focused on the individual adipokines’ roles and values in diabetes or obesity. To the best of our knowledge, their relationship and the influence of body mass index over them have rarely been evaluated.



Knowledge of the possible interactions and pathological implications is needed for personalized prevention [18], early diagnosis, estimation of the risk of complications, and early intervention to reduce morbidity and mortality.



Leptin and ghrelin appear to be involved in glucose and lipid metabolism, eating behavior [7,11,22,30] and energy balance [1,23], playing important roles in hormonal regulation of food intake [17,30], being potent appetite influencers in the opposite direction [1,7,26]. Due to their interaction, they are considered in a “ghrelin-leptin tango” [17].



The aim of this work is to extend our knowledge on the relationship between adipokine (leptin, ghrelin) and their ratio enforced by body mass index, obesity, diabetes, and metabolic syndrome. Moreover, we have intended to evaluate a possible subtle relationship between adipokines and body mass index (their ratio)—a possible substrate for framing the same BMI patient category in different risk classes.




2. Materials and Methods


The current study was conducted in the Department of Cardiology of the Rehabilitation Hospital in Cluj-Napoca, a total number of 60 consecutively recruited hospital-admitted patients (44 women) were enrolled in this study. The mean age was 61.88 ± 10.08 years. Subjects who did not consent in writing to participate were excluded from the present study; also, those who present systemic or inflammatory diseases. At the same time, taking into account recently published papers with controversial data on the interaction between lipid-lowering therapy (depending on dose, duration, and type of treatment) and adipokines levels [31,32,33,34,35,36,37], patients with no data related to this topic have also been excluded.



A complete clinical examination was performed by a physician (according to the current European Society of Cardiology guidelines). Bodyweight, height, body mass index (BMI, calculated as weight divided by squared height, expressed as kg/m2), waist circumference (in centimeters), present or past smoking, obesity, presence of dyslipidemia (total cholesterol ≥ 200 mg/dL or serum triglycerides ≥ 150 mg/dL), hypertension (blood pressure ≥ 140/90 mmHg or under hypotensive treatment), and diabetes were recorded.



For each patient, a blood sample was collected in the morning (between 7:00 a.m. and 9:00 a.m.); lipid fractions, glycemia were determined. The insulin resistance score was assessed as homeostatic model assessment (HOMA index) = insulin (μU/mL) × glycemia (mg/dL)/405.



Using the commercially available ELISA kits method (enzyme-linked immunosorbent assay, R&D Systems Inc., Minneapolis, MN, USA) serum total ghrelin (pg/mL) and serum leptin (pg/mL) levels were determined for each patient.



Patients were classified according to their body mass index in normal weight (body mass index BMI 18.5–24.9 kg/m2), overweight (BMI 25–29.9 kg/m2), and obese (BMI ≥ 30 kg/m2). The classification of metabolic syndrome (MetS) was based on International Diabetes Federation (IDF) guidelines (central obesity plus any two of the following: triglycerides ≥ 150 mg/dL, low HDL-cholesterol, increased blood pressure, elevated fasting plasma glucose, or diabetes) [38].



The local University Ethics Committee (following the Declaration of Helsinki) approved the study protocol.



The statistical packages MedCalc version 10.3.0.0 (MedCalc Software, Ostend, Belgium) and SPSS for Windows version 16.0 (IBM Corporation, Armonk, New York, NY, USA) were used for processing statistical analysis. For all quantitative variables, distribution’s normality was tested using the Kolmogorov–Smirnov and D’Agostino–Pearson tests; quantitative data were presented as the mean ± standard deviation, median values, respectively; qualitative data as numbers and percentages. Independent sample t-test, Mann–Whitney, χ2 test, ANOVA (analysis of variance), or Kruskal–Wallis test were used to analyze differences between variables or groups; relationships were assessed using Spearman and Pearson correlation coefficients. Univariate and multivariate regression were used to identify independent prognostic factors. A p-value < 0.05 was considered statistically significant.




3. Results


Twelve (20%) patients presented as normal weight, 31 (51.7%) overweight and 17 (28.3%) were obese; 23.3% were diabetics (type 2 DM—all of them), 47 (78.3%) hypertensive, 11 (18.3%) current smokers, 41 (68.3%) with dyslipidemia, and 71.7% with MetS. Moreover, 53.3% were diagnosed with cardiovascular disease (ischemic heart disease, heart failure, peripheral artery disease, previous stroke).



The mean age of the evaluated patients was 61.88 ± 10.08; no noteworthy differences (regarding age) were found between the groups (normal weight vs. overweight vs. obese ones). The tests revealed significant differences between the three groups in relationship with abdominal circumference (p < 0.001), body mass index (p < 0.001), glycemia (p = 0.016), presence of diabetes (p = 0.0099).



The overall mean ± SD (median) values were for ghrelin—39.55 ± 18.90 (34.25) pg/mL, for HOMA-index—2.07 ± 1.19 (1.72), and for leptin/ghrelin ratio—771.68 ± 791.43 (508.61). The characteristics of the studied group are presented extensively in Table 1.



When absolute values were compared, obese patients presented higher values of leptin (p trend = 0.0049), leptin/ghrelin ratio (p trend = 0.0228) and HOMA index (p trend = 0.003)—complete data are presented in Figure 1. Significant differences were found between obese patients and overweight (for leptin p < 0.05, for leptin/ghrelin ratio p < 0.05) and between obese and normal weight patients (for leptin p < 0.05, for leptin/ghrelin ratio p < 0.05). No relationship was found between ghrelin level and ponderal status (p = NS).



Stratifying the analyzes according to the presence of obesity and patients’ gender, significant differences were found for leptin in both sexes. Obese female presented greater values (16,930 pg/mL in normal weight vs. 32,227 pg/mL in overweight vs. 39,270 pg/mL in obese, p trend = 0.0020); same results were found for men (1560 pg/mL in normal weight vs. 3480 pg/mL in overweight vs. 20,240 pg/mL in obese, p trend = 0.0055).



For the leptin/ghrelin ratio, significant differences were found between groups for both sexes—for women (437.93 ± 225.87 vs. 1019.48 ± 992.11 vs. 1295.81 ± 669, p trend = 0.048) and for men (34.55 ± 4.29 vs. 164.84 ± 140.84 vs. 478.11 ± 189.65, p trend = 0.004).



HOMA index was significantly higher in obese women (p trend = 0.008), but not in obese men (p trend = 0.11).



Globally, significant correlations were found between leptin and BMI (rho = 0.402, p = 0.001), insulin (rho = 0.271, p = 0.036), ponderal status (rho = 0.420, p = 0.0012) and patients’ sex (rho = −0.57, p < 0.001). Significant relationships were found between ghrelin and age (rho = −0.344, p = 0.007), diabetes presence (rho = −0.266, p = 0.04). The leptin/ghrelin ratio correlated with BMI (r = 0.304, p = 0.018), ponderal status (r = 0.29, p = 0.021), diabetes presence (r = 0.318, p = 0.013), insulin (r = 0.287, p = 0.026), and patients’ sex (r = −0.404, p = 0.001). Data are presented in Figure 2. No associations were found between leptin, ghrelin, or leptin/ghrelin ratio and glycemia, HOMA index, lipid fractions, abdominal circumference, systolic or diastolic blood pressure.



In women, leptin correlates with weight (rho = 0.496, p = 0.001), BMI (rho = 0.577, p < 0.001), abdominal circumference (rho = 0.505, p < 0.001), diabetes (rho = 0.408, p = 0.006) and ponderal status (rho = 0.537, p < 0.001) ghrelin with age (rho = −0.434, p = 0.003), weight (rho = 0.304 p = 0.004), and the leptin/ghrelin ratio with age (r = 0.363, p = 0.015), BMI (r = 0.387, p = 0.009), abdominal circumference (r = 0.338, p = 0.018), diabetes (r = 0.477, p = 0.001), and ponderal status (r = 0.359, p = 0.017). In men, leptin correlates with age (rho = −0.510, p = 0.043), weight (rho = 0.576, p = 0.02), BMI (rho = 0.697, p = 0.025), ponderal status (rho = 0.819, p < 0.001), and the leptin/ghrelin ratio with BMI (r = 0.603, p = 0.013) and ponderal status (r = 0.735, p = 0.001)



The predictors of leptin, ghrelin, and the leptin/ghrelin ratio were studied using univariate and multivariate analysis. For leptin in the univariate analysis, independent predictors were body mass index (R2 = 0.125, p = 0.003), insulin (R2 = 0.128, p = 0.005), ponderal status (R2 = 0.150, p = 0.002), and patient sex (R2 = 0.210, p < 0.001). In the multivariate analysis (stepwise method), independent factors were ponderal status and patient sex.



In the univariate analysis, for ghrelin age (R2 = 0.166, p = 0.001) and for the leptin/ghrelin ratio BMI (R2 = 0.093, p = 0.018), ponderal status (R2 = 0.088, p = 0.021), diabetes (R2 = 0.101, p = 0.013), insulin (R2 = 0.082, p = 0.026), and patient sex (R2 = 0.163, p = 0.001) were independent predictive factors. In the multivariate analysis, for the leptin/ghrelin ratio, patients ‘gender, diabetes, and body mass index were independent factors.



No significant differences were found in the values of leptin and ghrelin between patients with MetS vs. those without MetS. Patients with MetS presented higher values of leptin/ghrelin (869.19 ± 845 vs. 525.03 ± 584, p = 0.07) and the HOMA index (1.83 vs. 1.57, p = 0.004).



Considering diabetic patients, as highlighted in Table 2, globally significant differences were found regarding insulin, HOMA index, ghrelin (p = 0.0409), and the leptin/ghrelin ratio (p = 0.0131). Differences were also present in women, in men registered p being non-significant.



Diabetic and obese patients (vs diabetic and nonobese patients) presented greater leptin values (32,810 pg/mL vs. 14,505 pg/mL), lower ghrelin levels (25.75 pg/mL vs. 29 pg/mL); no difference in relationship with the leptin/ghrelin ratio (1242.42 ± 663 pg/mL vs. 1201.10 ± 1616 pg/mL, p = NS) was found. Detailed data regarding the relationship between BMI category and diabetes are presented in Figure 3.



After calculating the adipokines/BMI ratio (data presented in Table 3), we should mention that no statistical significance was achieved, mean ghrelin/BMI was the lowest in obese subjects (1.59 ± 0.35 in normal weight vs. 1.41 ± 0.8 in overweight vs. 1.26 ± 0.58 in obese). The mean leptin/BMI ratio and leptin/ghrelin/BMI ratio were highest in obese patients (data in Table 3 and graphic representation in Figure 4).



In metabolic syndrome, respectively, in diabetic patients, a lower ghrelin/BMI ratio and a higher leptin/ghrelin/BMI ratio were also found.



Globally, the determined area under the ROC curve for MetS identification was 0.687 (Se = 44.2%, Sp = 82.4%, criterion > 600.54) for the leptin/ghrelin ratio. For the HOMA index, the AUROC was 0.740 (Se = 48.8%, Sp = 100%, criterion > 1.83).



In men, the leptin/ghrelin ratio had a better capacity to identify patients with metabolic syndrome (AUROC = 0.923, Se = 76.9%, Sp = 100%) compared to leptin (AUROC = 0.821), ghrelin (AUROC = 0.718), or the HOMA index (AUROC = 0.654); p = 0.09 between the leptin/ghrelin ratio AUROC vs. AUROC-HOMA.



In women, no significant differences were found between AUROCs (AUROC-HOMA = 0.752 vs. AUROC-leptin = 0.706 vs. AUROC-ghrelin = 0.536 vs. AUROC-leptin/ghrelin ratio = 0.690). Data are presented in Table 4.



The presence of diabetes was better identified by the HOMA index (AUROC leptin/ghrelin ratio = 0.658, AUROC leptin = 0.632, AUROC ghrelin = 0.682, AUROC HOMA index = 0.831); the results were similar in both sexes.




4. Discussion


The increase in obesity and diabetes prevalence has important consequences on population health, the financial burden on the health system [18], and the impact on all body systems [3,7,8,39,40,41,42,43].



The body mass index (BMI) represents the most used tool to assess the degree of obesity. Although early studies believed that it is all about increasing in size and number of adipocytes, recent studies pointed to metabolism dysregulation, insulin resistance, systemic inflammation [18,44], responsible being the adipokines, cytokines, extracellular matrix proteins, vasoactive substances, and the release of hormone-like action proteins [7,45,46,47]. New data have suggested the idea that this variability in adipose tissue composition, distribution, and substance release is a substrate for people in the same BMI category being framed in various risk levels [3,7,13,21], and a key factor in obesity-related metabolic disorders [12]. Substances secreted by dysfunctional adiposity have pro-inflammatory, pro-thrombotic, and pro-atherogenic effects, but also affect vascular tone and motricity, endothelial function [7], promoting cardiac fibrosis appearance [7].



On the other hand, it is well known that a large proportion of type 2 diabetics are obese and, inversely, type 2 diabetes is more frequently met in obese people [21,48], a clear connection between those being already established. Over the last 10 years, the focus has shifted from two separate entities (obesity and diabetes) to an interwoven perspective.



Despite great interest in a complex relationship between adipokines–obesity–diabetics, many aspects are still unclear. Today, many theories and techniques have evolved to understand and prevent, to highlight the already appeared related complication of type 2 diabetes and obesity [49,50,51,52], to create estimative risk models [53].



On the other hand, the underlined mechanisms are not, at this moment, fully explained, and adipokines secretion dysregulation is considered as a possible missing chain between two entities.



Leptin and ghrelin are the main hormones that, working together, but in an opposite manner [26,27], regulating reciprocally [54], influence appetite and hunger sensations [17,26].



Leptin (from the Greek word leptos, which means thin [11]) is secreted by adipose tissue (in proportion with fat stores [29,55]), but also by the stomach and mammary gland [29]. It influences dietary intake, regulates food intake [7,15,17,22,23,29,55], energy consumption [15,29], induces the satiety sensation—“a satiety hormone” [21,22,23,26,47], and, consequently, determines the number of adipose deposits [25,56]. At the same time, it is considered a pro-inflammatory adipokine [15], being involved in low inflammation associated with an increased amount of fat tissue [22]. Most forms of obesity are associated even with leptin resistance [15,23]. Different mechanisms are responsible, including the fact that chronic high leptin level leads to leptin insensitivity [57]. Our results are in line with previous ones [11,17,18,22,28,55,58,59,60,61,62], showing higher levels in obese or diabetic patients and a positive correlation with body mass index (as reported in [15,28]).



Ghrelin, a stomach-derived hormone [30] secreted by P/D1 cells [17,63] also has an important role in short-term appetite regulation [11,17,30,64,65] and stimulation [11,26,27,60,63,66,67], but also involved in lipogenesis [67], insulin sensitivity, having anti-inflammatory properties [65], blocking the renin-angiotensin system [7,67], decreasing sympathetic activity [67,68], influencing blood pressure and heart rate [67,68], and finally being involved in cardiovascular disease development (low values being associated with increase global cardiovascular risk [54,69,70]). Previously reported data suggested the idea that a low ghrelin level could be one of the pathogenetic pathways of type 2 diabetes development [70,71].



The results presented in the current study are not in line with those previously published by [17,64,72,73,74,75], who found low ghrelin levels in obese patients, but in accordance with a 2021 published study finding no significant differences between obese and normal-weight patients regarding ghrelin levels [1]. We do not have a clear explanation for these discrepancies; probably, ghrelin levels are elevated due to 12 h fasting or food restriction [11,26,63], starvation [63]—knowing that its concentration increases before meal intake [17,66] and is influenced by low meal frequency, diet composition, exercise, and lifestyle [66]. There have also been published studies reporting the nocturnal increase in ghrelin levels [76,77]. At the same time, the literature describes the “obesity paradox”—obese subjects appear to have heterogeneous phenotypes [13]—from Metabolically UnHealthy Obesity (MuHOB) to Metabolically Obese Normal Weight (MONW or metabolically unhealthy normal BMI—normal BMI associated with obesity-related metabolic complications—more than 20% in US adults [3]) and Metabolically Healthy Obesity (MHOB—10–30% in European obese, more frequently met in women [13], 10% of US adults [3]). Just the simple use of the body mass index does not allow us to accurately discriminate between lean and fat mass, between MuHOB-MONW-MHOB [3,13].



However, our results support other published theories [65,70,71,78], theories founding lower ghrelin levels in diabetic patients.



Due to the discrepancy between the previous results, new parameters have been evaluated such as the leptin/ghrelin ratio, leptin/BMI ratio, ghrelin/BMI ratio, and leptin/ghrelin/BMI ratio.



The leptin/ghrelin ratio appears to be a hunger regulator [17], a higher ratio being associated with hunger and decreased appetite [17]. The previous hypothesis enunciated suggested the fact that leptin/ghrelin ratio can be used to identify subjects with an unfavorable evolution after obesity weight-loss therapeutic treatment [54,79], with weight regain after successful weight loss [54]. To our best knowledge, only a few studies have explored its relationship with obesity—metabolic syndrome—diabetes. Our results reinforce the data reported by [17,26,54], the leptin/ghrelin ratio being significantly higher in overweight/obese patients or diabetic or metabolic syndrome patients.



Furthermore, we should mention the fact that, in men, the leptin/ghrelin ratio had a very good discriminatory capacity for metabolic syndrome (AUROC = 0.923). Compared to previous studies that evaluated other parameters (such as the leptin/adiponectin ratio, HOMA index, QUICKI index, McAuley index, triglycerides/HDL-cholesterol ratio, cholesterol/HDL-cholesterol ratio, different measurement in abdominal CT—[80,81,82,83]) for the prediction of metabolic syndrome, leptin/ghrelin appears to have at least as good, if not a better (in men) prediction capacity.



Early findings suggest a different influence of fat amount on health status—the classification (according to BMI) in normal-weight vs. overweight vs. obese being too large, masking the differences in relationship with body mass index [3]. Metabolically obese normal-weight patients present hyperinsulinemia, insulin resistance, dyslipidemia, and an increased risk of cardiovascular diseases [3]. Therefore, we need more accurate instruments to differentiate between MuHOB-MONW-MHOB, such as the adipokines/BMI ratio.



The most striking observation that emerged from the analysis was the relationship between obesity, diabetes, and the adipokines/BMI ratio. The leptin/BMI ratio increased with the degree of obesity, the presence of metabolic syndrome, or diabetes. Although we did not find a decrease in the ghrelin level in obese subjects when we took into consideration the ghrelin/BMI ratio, a decrescendo trend was obvious. A positive parallel trend with the ponderal status of the leptin/ghrelin/BMI ratio was also revealed. Not achieving statistical significance was probably due to the small number of evaluated subjects. The results are consistent with (to our best knowledge) the only published study [27] that evaluated the adipokines/BMI ratio.



From this point of view, it seems important that not only the total adipokines’ levels but also the idea that obesity and diabetes mellitus are associated with changes in adipokines’ level/kg/m2 (bringing a detailed look, a finesse one about a new possible involved mechanism).



Considering the small number of participants and discrepancy between the numbers of men/women due to consecutively admitted hospital patients (both of them being important limitations of the study), further research is needed to fully assess the relationship between adipokines, obesity, diabetes, and their pathophysiological involvement. Another serious limitation of the study is the incapacity to deepen the analysis according to the obesity degree. However, we should mention the fact that, even in a small sample, significant and interesting relationships involving leptin/ghrelin, leptin/BMI, ghrelin/BMI, and leptin/ghrelin/BMI ratios have been found.



This work provides new insights into the relationship between adipokines, diabetes, and obesity, opening new research directions to identify the changes responsible for the appearance and unfavorable disease evolution.




5. Conclusions


In conclusion, this study provides the backbone for future studies. There are still many unanswered questions surrounding the release, role, and prognostic value of adipokines. The results of this study suggest that obese and diabetic patients present both an alteration of total adipokines’ level, but also changes in the relationship with body mass index. These changes seem to appear even in overweight subjects offering a base for early intervention in diabetic and obese patients.
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	BMI
	Body mass index



	WC
	Waist circumference



	IDF
	International Diabetes Federation



	HOMA index
	Homeostatic model assessment index



	MetS
	Metabolic syndrome



	HDL-cholesterol
	HDL-C = high-density lipoprotein cholesterol



	LDL-cholesterol
	LDL-C = low-density lipoprotein cholesterol



	Total-C
	Total cholesterol



	DM
	Diabetes mellitus



	AUROC
	Area under the receiver operating characteristic



	MuHOB
	Metabolically UnHealthy Obesity



	MONW
	Metabolically Obese Normal Weight (MONW



	MHOB
	Metabolically Healthy Obesity



	SD
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Figure 1. Relationship between adipokines, insulin resistance score and ponderal status. Panel (a)—relationship between leptin and ponderal status; panel (b)—relationship between leptin/ghrelin ratio and ponderal status; panel (c)—relationship between HOMA index and ponderal status. 
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[image: Biomedicines 09 01657 g001]







[image: Biomedicines 09 01657 g002 550] 





Figure 2. Correlation between leptin, leptin/ghrelin ratio, and body mass index. Panel (a)—correlation between leptin value and body mass index; panel (b)—correlation between leptin/ghrelin ratio and body mass index. 
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Figure 3. Relationship between adipokines—obesity—diabetes. Panel (a)—relationship between ghrelin—diabetes—ponderal status; panel (b)—relationship between leptin—diabetes—ponderal status; panel (c)—relationship between leptin/ghrelin ratio—diabetes—ponderal status; panel (d)—relationship between HOMA index—diabetes—ponderal status. 
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Figure 4. Relationship between leptin/BMI ratio, leptin/ghrelin/BMI ratio, Ghrelin/BMI ratio, HOMA index/BMI ratio and ponderal status. Panel (a)—relationship between leptin/BMI ratio—ponderal status; panel (b)—relationship between leptin/ghrelin/BMI ratio—ponderal status; panel (c)—relationship between HOMA index/BMI ratio—ponderal status; panel (d)—relationship between ghrelin/BMI ratio—ponderal status. 
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Table 1. Subjects’ characteristics.
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Normal Weight

	
Overweight

	
Obese

	
p-Value

	
MetS−

	
MetS+

	
p*-Value






	
Patients

	

	
12 (20)

	
31 (51.7)

	
17 (28.3)

	

	
17 (28.3)

	
43 (71.7)

	




	
Age

	

	
64.58 ± 8.09

	
63.29 ± 10.79

	
57.41 ± 9.01

	
p = 0.08

	
59.88 ± 9.17

	
62.67 ± 10.42

	
p = 0.33




	
Gender

	
Female

	
10 (83.33)

	
22 (70.96)

	
12 (70.58)

	
p = 0.48

	
14 (82.35)

	
30 (69.76)

	
p = 0.50




	

	
Male

	
2 (16.66)

	
9 (29.03)

	
5 (29.41)

	
3 (17.64)

	
13 (30.23)




	
WC

	

	
85.16 ± 9.59

	
97.48 ± 7.16

	
107.70 ± 6.88

	
p < 0.001

	
91.76 ± 11.73

	
100.34 ± 9.5

	
p = 0.0046




	
BMI (kg/m2)

	

	
23.22 ± 1.89

	
27.68 ± 1.52

	
33.59 ± 2.35

	
p < 0.001

	
25.98 ± 3.99

	
29.44 ± 3.75

	
p = 0.0025




	
Systolic blood pressure

	

	
126.25 ± 17.46 (120)

	
133.22 ± 16.66 (130)

	
134.41 ± 17.84 130)

	
p = 0.40

	
120.58 ± 14.45

	
136.74 ± 16.03

	
p = 0.0006




	
Diastolic blood pressure *

	

	
75.41 ± 5.82

(80)

	
86.45 ± 20.46

(80)

	
84.41 ± 13.67

(80)

	
p = 0.049

	
77.94 ± 10.16

(80)

	
85.93 ± 18.62

(80)

	
p = 0.072




	
Diabetes

	
Yes

	
1(8.33)

	
5 (16.12)

	
8 (47.05)

	
p = 0.0099

	
0 (0)

	
14 (32.55)

	
p = 0.0189




	

	
No

	
11 (91.66)

	
26 (83.87)

	
9(52.94)

	
17 (100)

	
29 (67.44)




	
Hypertension

	
Yes

	
7 (58.33)

	
25 (80.64)

	
15 (88.23)

	
p = 0.06

	
8 (47.05)

	
39 (90.69)

	
p = 0.0008




	

	
No

	
5(41.66)

	
6 (19.35)

	
2 (11.76)

	
9 (52.94)

	
4 (9.3)




	
Current smokers

	
Yes

	
2 (16.66)

	
5 (16.12)

	
4 (23.52)

	
p = 0.60

	
3 (17.64)

	
8 (18.60)

	
p = 0.77




	

	
No

	
10 (83.33)

	
26 (83.87)

	
13 (76.47)

	
14 (82.35)

	
35 (81.39)




	
Glycemia * (mg/dL)

	

	
86.50 ± 6.54

(86)

	
101.12 ± 45.77

(91)

	
110.76 ± 30.31

(105)

	
p = 0.016

	
85.94 ± 8.09 (86)

	
106.86 ± 42.48 (97)

	
p = 0.005




	
Dyslipidemia

	
Yes

	
9 (75)

	
20 (64.51)

	
12 (70.58)

	
p = 0.86

	
12 (70.58)

	
29 (67.44)

	
p = 0.94




	

	
No

	
3 (25)

	
11 (35.48)

	
5 (29.41)

	
5 (29.41)

	
14 (32.55)




	
Total-C (mg/dL)

	

	
224.5 ± 51.60

	
207.83 ± 40.86

	
210.82 ± 61

	
p = 0.60

	
220.94 ± 41.63

	
208.48 ± 51.58

	
p = 0.37




	
LDL-C (mg/dL)

	

	
146 ± 42.13

	
134.67 ± 30.87

	
129.58 ± 47.03

	
p = 0.52

	
143.76 ± 35.84

	
132.23 ± 38.81

	
p = 0.29




	
Triglycerides (mg/dL)

	

	
165.08 ± 68.23

	
149.77 ± 67.05

	
171.70 ± 89.11

	
p = 0.59

	
122.76 ± 47.64

	
173.39 ± 77.37

	
p = 0.003




	
HDL-C (mg/dL)

	

	
45.50 ± 8.67

	
43.22 ± 10.42

	
40.82 ± 9.37

	
p = 0.44

	
52.70 ± 8.32

	
39.16 ± 7.41

	
p < 0.0001




	
Leptin * (pg/mL)

	

	
13,004 ± 8955 (14,350)

	
24,134 ± 23,769 (18,000)

	
39,284 ± 26,063 (34,360)

	
p = 0.0049

	
19,132 ± 19,904

(13,640)

	
28,995 ± 25,027

(21,500)

	
p = 0.11




	
Insulin (μU/mL) *

	

	
7.19 ± 0.28 (7.05)

	
7.97 ± 1.35 (7.4)

	
9.02 ± 3.43

(7.5)

	
p = 0.008

	
7.35 ± 0.41

(7.3)

	
8.41 ± 2.45

(7.4)

	
p = 0.08




	
HOMA index *

	

	
1.53 ± 0.15 (1.51)

	
2.06 ± 1.41 (1.73)

	
2.46 ± 1.07 (2.18)

	
p = 0.003

	
1.56 ± 0.19 (1.57)

	
2.27 ± 1.36

(1.83)

	
p = 0.0040




	
Ghrelin * (pg/mL)

	

	
37.16 ± 9.49

(36)

	
39.11 ± 21.81

(33)

	
42.02 ± 18.76

(36)

	
p = 0.70

	
42.91 ± 25.07

(36)

	
38.22 ± 15.99

(33)

	
p = 0.37




	
Leptin/ghrelin ratio

	

	
370.70 ± 257

(448)

	
771.36 ± 921

(396.46)

	
1055.31 ± 681.64

(985)

	
p = 0.0228

	
525.03 ± 584.30

(368)

	
869.19 ± 845

(564)

	
p = 0.0797








BMI = body mass index; Total-C = total cholesterol; LDL-C = LDL cholesterol = low-density lipoprotein; HDL-C = HDL cholesterol = high-density lipoprotein cholesterol; WC = waist circumference; HOMA index = homeostatic model assessment; * does not respect the normal distribution; data are presented as mean ± standard deviation (median value); for categorical data as number (percentage); p was calculated with Student’s test, Mann–Whitney test, or χ2 test; for p trend ANOVA (analysis of variance) or Kruskal–Wallis test were used; p = p trend normal weight vs. overweight vs. obese; p* = p between MetS+ vs. Mets−; NS (not statistically significant) p > 0.05.
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Table 2. Relationship between adipokines and diabetes’ presence.






Table 2. Relationship between adipokines and diabetes’ presence.





	

	
DM +

	
DM−

	
p Global

	
p Women

	
p Men






	

	
Global

	
Women

	
Men

	
Global

	
Women

	
Men

	

	

	




	

	
14 (23.3%) patients

	
9

	
5

	
46 (76.7%) patients

	
35

	
11

	

	

	




	
Leptin * (pg/mL)

	
36,309 ± 30,848

(27,190)

	
51,488 ± 28,168

(36,650)

	
8986 ± 7366

(8500)

	
23,124 ± 20,867

(18,270)

	
27,942 ± 21,395 (22,200)

	
7797.27 ± 7971

(5150)

	
p = 0.13

	
p = 0.0074

	
p = 0.58




	
Insulin (μU/mL) *

	
9.2 ± 3.28 (7.75)

	
10.17 ± 3.79 (9.3)

	
7.44 ± 0.35 (7.5)

	
7.78 ± 1.55 (7.4)

	
7.93 ± 1.75 (7.4)

	
7.32 ± 0.40 (7.2)

	
p = 0.0253

	
p = 0.0118

	
p = 0.58




	
HOMA index *

	
3.06 ± 2.04 (2.39)

	
3.62 ± 2.36

(2.69)

	
2.04 ± 0.58

(2.12)

	
1.77 ± 0.53

(1.64)

	
1.79 ± 0.59 (1.64)

	
1.71 ± 0.29 (1.67)

	
p = 0.0002

	
p = 0.0002

	
p = 0.26




	
Ghrelin * (pg/mL)

	
34.14 ± 16.54

(25.7)

	
34.16 ± 16.92

(26)

	
34.10 ± 17.79

(25)

	
41.19 ± 19.42 (35.5)

	
42.67 ± 21.35

(36)

	
36.50 ± 10.79

(33)

	
p = 0.0409

	
p = 0.0626

	
p = 0.44




	
Leptin/ghrelin ratio

	
1224.71 ± 1114

(1035)

	
1742.93 ± 1072

(1409)

	
291.93 ± 213

(326.45)

	
633.80 ± 615.7

(450.99)

	
762.04 ± 644

(564)

	
225.79 ± 228

(110)

	
p = 0.0131

	
p = 0.0055

	
p = 0.58








HOMA index = homeostatic model assessment; DM = diabetes mellitus; * does not respect the normal distribution; data are presented as the mean ± standard deviation (median value); p was calculated with Student’s test, Mann–Whitney test; p global—p between diabetic vs. non-diabetic patients; p women = p between diabetic women vs. non-diabetic women; p men = p between diabetic men vs. non-diabetic men.
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Table 3. The relationship between adipokines/BMI ratio and ponderal status, metabolic syndrome, and diabetes.
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	Global
	Normal Weight
	Overweight
	Obese
	p
	MetS−
	MetS+
	p*
	DM−
	DM+
	p+





	L/BMI

ratio *
	894.15 ± 781 (710)
	564.48 ± 381 (660.24)
	868.03 ± 845 (618.61)
	1174.49 ± 803 (1039.12)
	p = 0.0717
	687.47 ± 589 (570.82)
	975.86 ± 837 (741.97)
	p = 0.25
	808.3 ± 661 (680)
	1176 ± 1070 (818.96)
	p=0.33



	G/BMI

ratio
	1.41 ± 0.68
	1.59 ± 0.35
	1.41 ± 0.8
	1.26 ± 0.58
	p = 0.44
	1.66 ± 0.92
	1.31 ± 0.53
	p = 0.07
	1.49 ± 0.68
	1.12 ± 0.57
	p = 0.06



	L/G/BMI ratio
	26.47 ± 26.83
	16.28 ± 11.48
	27.82 ± 33.3
	31.20 ± 19.47
	p = 0.31
	18.98 ± 17.84
	29.43 ± 29.29
	p = 0.09
	22.47 ± 20.5
	39.62 ± 39.58
	p = 0.03







BMI = body mass index; L/BMI ratio = leptin/BMI ratio; G/BMI ratio = ghrelin/BMI ratio; L/G/BMI ratio = leptin/ghrelin/BMI ratio; DM = diabetes mellitus; * does not respect the normal distribution; data are presented as the mean ± standard deviation (median value); p was calculated with Student’s test, Mann–Whitney test; for p trend ANOVA (analysis of variance) or Kruskal–Wallis test were used; p = p trend normal weight vs. overweight vs. obese; p* = p between MetS+ vs. Mets−; p+ = p between DM+ vs. DM−. 
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Table 4. AUROCs for adipokines and the HOMA index—for metabolic syndrome identification.
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	Women
	
	
	
	Men
	
	
	





	
	AUROC
	Se
	Sp
	Criterion
	AUROC
	Se
	Sp
	Criterion



	L/G ratio
	0.690
	60
	78.6
	>600.54
	0.923
	76.9
	100
	>101.98



	L
	0.706
	83.3
	57.1
	>17,910
	0.821
	53.8
	100
	>5150



	G
	0.536
	53.3
	71.4
	≤33
	0.718
	84.6
	66.7
	≤43



	HOMA
	0.752
	53.33
	100
	1.83
	0.654
	38.46
	100
	1.83







L/G = leptin/ghrelin ratio, L = leptin, G = ghrelin, HOMA index = homeostatic model assessment, AUROC = area under the ROC curve; Se = sensibility, Sp = specificity.
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