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The goal of this study was to determine whether the plasma leptin, nesfatin-1, cortisol, brain-derived neurotrophic factor (BDNF), and inflammatory cytokines could be used as potential biomarkers for the degree of craving in the alcohol-dependent patients after 1 month of abstinence. A total of 83 patients with alcohol use disorder (AUD) and 61 healthy subjects were assessed. Patients with AUD were selected from Department of Material Dependence, Anhui Mental Health Center, and subjects in the control group were selected from healthy volunteers. The Alcohol Urge questionnaire Scale (AUQ) was used to evaluate the extent of craving for alcohol, and the Michigan Alcoholism Screening Test (MAST), the Fagerstrom Test for Nicotine Dependence (FTND), the Self-Rating Anxiety Scale (SAS), and the Self-Rating Depression Scale (SDS) were also assessed in patients with AUD. Enzyme-Linked Immunosorbent Assay (ELISA) was used for the measurement of plasma leptin, nesfatin-1, cortisol, BDNF, Interleukin-6 (IL-6), C-reactive protein (CRP), and tumor necrosis factor-α (TNF-α) levels. Compare with healthy controls, the average leptin, leptin/BMI, IL-6, CRP, and TNF-α levels in patients with AUD were significantly increased, while the BDNF levels were significantly decreased. Moreover, the partial correlational analysis showed that the AUQ scores of the alcohol-dependent patients were positively correlated with the plasma leptin levels (r = 0.613, P < 0.001), rather than nesfatin-1 (r = 0.066, P = 0.569) after controlling for age as covariate. Furthermore, plasma nesfatin-1 levels were found to be correlated with the SDS scores (r = 0.366, P = 0.001) in the AUD group. In addition, plasma leptin levels were positively associated with the plasma IL-6 (r = 0.257, P = 0.033), CRP (r = 0.305, P = 0.011), and TNF-α (r = 0.311, P = 0.009) levels, and negatively associated with the BDNF levels (r = −0.245, P = 0.042) in patients with AUD. These results suggest that plasma leptin, but not nesfatin-1, might be a potential biomarker for the degree of craving in alcohol-dependent patients after 1 month of abstinence, the mechanism of which might be related to the dysfunction of the inflammatory cytokines and BDNF levels.
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INTRODUCTION

According to the World Health Organization, 3 million people die every year from harmful use of alcohol, accounting for 5.3% of all deaths. Harmful use of alcohol is responsible for more than 200 diseases and injuries. In addition to health consequences, harmful use of alcohol can cause significant social and economic losses to individuals and society as a whole (1). There is evidence that approximately 90% of alcoholics may experience at least one relapse within 4 years after treatment (2), which may be related to the high craving. Craving, the persistent urge or desire to use a substance, has been reintroduced as a standard for defining alcohol use disorders in DSM-5, emphasizing its pivotal role in the treatment of dropouts and relapses (3). Therefore, the description of the determinants of cravings and their treatment is a key goal of alcohol use disorder (AUD) research and may constitute an innovative lever to reduce recurrence rates.

Recent evidence has shown the role of appetite-regulating peptide hormones in AUD, especially in the neurobiology of alcohol craving. A number of studies have demonstrated that serum leptin (4, 5) or ghrelin (6, 7) levels were found to be changed during alcohol craving and in chronic alcohol consumption. Moreover, a power-based analysis showed that serum leptin level was associated with alcohol craving in both sexes (8). Nesfatin-1, another new anorexigenic peptide hormone, plays an important role in the integration of food intake, energy expenditure, and glucose homeostasis (9). In the past decade, nesfatin-1 has been found to be involved in a variety of affective disorders, including anxiety disorder (10), depression (11), and psychosis (12). However, no studies on the relationship between nesfatin-1 in AD and craving have been conducted. Taken together the fact that nesfatin-1 has an appetite-regulating effect similar to that of leptin, it is rational to assume that nesfatin-1 might associate with alcohol craving in patients with AUD after abstinence.

AUD causes changes in the innate and adaptive immune response and often coincides with inflammation (13). Recent clinical study showed that inflammatory cytokines were closely linked to the craving of alcohol-related diseases. It has been reported that blood levels of IL-6 decreased during alcohol withdrawal (14), and IL-6 and TNF-α levels were associated with affective symptoms in patients with AUD. Particularly, the levels of TNF-α and IL-6 in peripheral blood were positively correlated with craving during alcohol withdrawal (15). Moreover, TNF-α release in alcohol-dependent patients was associated with the duration of abstinence (16). Therefore, whether these inflammatory cytokines could serve as objective and reliable biological indicators for the degree of craving in patients with AUD was evaluated in the present study.

Brain-derived neurotrophic factor (BDNF) and cortisol regulation are linked by a variety of mechanisms (17), and levels of each are modified under stress response, which is involved in the neurobiology of alcohol craving (18). Clinical study has shown that low serum BDNF levels are associated with characteristics related to alcohol consumption (19). Conversely, high cortisol levels have largely been associated with high alcohol consumption, which may be due to the imbalance of HPA axis (20). Therefore, whether the plasma concentrations of BDNF and cortisol were correlated with the degree of craving in patients with AUD was investigated.

Because of the dysfunction of appetites, with the important role of inflammatory markers and BDNF in the pathophysiology of AUD, the aim of the present study was to investigate whether plasma nesfatin-1, leptin, inflammatory cytokines, BDNF, and cortisol could be used as novel non-invasive biomarkers the degree of craving in patients with AUD after 1 month of abstinence.



MATERIALS AND METHODS


Subjects

This study was conducted at Hefei Fourth People's Hospital, Anhui Mental Health Center, between August 2017 and October 2018. A total of 673 subjects with AUD were screened by an experienced researcher in accordance with the guidelines of the structured clinical interview according to International Classification of Diseases 10th Revision (ICD-10) criteria, and 83 patients with AUD were selected from the above patients. The criteria for joining the group are as follows: (1) age 18 to 65 years; (2) completion of benzodiazepines substitution for decreasing dependence therapy; (3) Clinical Institute Withdrawal Assessment-Advanced Revised (CIWA-AR) scores < 5; (4) giving written informed consent to participate in the study. The exclusion criteria were as follows: (1) suffer from mental disorders; (2) diagnosed of substance dependent diseases other than tobacco; (3) suffering from a major neurological or medical illness. In terms of control group, 61 healthy volunteers who had not reported ethanol consumption during any period of their life were included. In order to avoid the influence of daily energy and macronutrients intakes on alcohol craving and the plasma levels of appetite-related molecules, both groups took the same food, and they were stated not to drink sugary beverage until drawing blood sample. Meals for both groups of subjects were provided by the cafeteria of Anhui Mental Health Center. Dietary intakes were assessed with a validated quantitative food frequency questionnaire by trained students via a face-to-face interview (21). The food intake of each meal was recorded for 7 consecutive days. The daily intakes of nutrients and energy, macronutrients, cholesterol and fatty acids were calculated according to the Chinese Food Composition Database (22). The recruitment process was summarized in Figure 1. In accordance with the principles of the Declaration of Helsinki, all subjects provided informed written consent prior to participation. The Ethics Committee of Hefei Fourth People's Hospital, Anhui Mental Health Center, approved this study.


[image: Figure 1]
FIGURE 1. Flowchart showing the recruitment of participant.




Clinical Data and Scales Measurements

Alcohol Urge Questionnaire Scale (AUQ) was adopted to assess the extent of craving at abstinence phase. The Michigan Alcoholism Screening Test (MAST) was used to identify current or potential alcohol problems among patients. The Fagerstrom Test for Nicotine Dependence (FTND) was used to evaluate the severity of nicotine dependence. The Self-Rating Anxiety Scale (SAS) and the Self-Rating Depression Scale (SDS) were used to assess the degree of anxiety and depression. A Demographics Questionnaire was used to collect general information about participants, such as years of education and sex, body weight, body-mass-index (BMI), years since first alcohol-related problems and first physical withdrawal symptoms occurred, number of inpatient detoxifications, amount of alcohol consumed daily, family history of alcoholism, and routine laboratory parameters including total bilirubin (TBIL), direct bilirubin (DBIL), alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP), γ-glutamyltranspeptidase (γ-GGT), total bile acid (TBA), total cholesterol (TC), high density lipoprotein (HDL), triglyceride (TG), fasting glucose, free triiodothyronine (fT3), free thyroxine (fT4), and thyroid-stimulating hormone (TSH).



Biochemical Measurements

The blood sample was taken from the participant's vein between 8:00 a.m. and 9:00 a.m. at the end of an overnight fasting period range of 10–11 h. Tubes containing ethylenediaminetetraacetic acid (EDTA) were used for collecting the samples. The blood samples were immediately centrifuged at 3,000 rpm for 5 min at 4°C. Extract supernatant as plasma sample was collected. The extracted plasma was stored at −80°C until detection. Commercially available Enzyme-Linked Immunosorbent Assay (ELISA) kits were used to measure the concentrations of nesfatin-1, leptin, cortisol, BDNF, IL-6, CRP, and TNF-α (Jianglai Bio, Shanghai, China) according to the manufacturer's instructions. The assay sensitivities for leptin, nesfatin-1, IL-6, TNF-α, CRP, cortisol, and BDNF were 0.1 pg/ml, 0.1 pg/ml, 10 pg/ml, 1.0 pg/ml, 0.1 mg/L, 0.1 nmol/L, and 1.0 pg/ml, respectively, with an intra-assay variation of less than 9.0% and an inter-assay variation of <11.0%.



Statistical Analysis

Data were analyzed using SPSS version 17.0 statistical analysis software (SPSS, Chicago, IL). The differences between groups were evaluated by student's t-test or χ2 test. Additional Bonferroni correction for multiple hypothesis testing considered the results statistically at a significance level of 0.05/7 = 0.007 according to the seven proteins or steroids analyzed in Table 2. Due to the large age range (18–65 years) of male tested in the present study, a partial correlational analysis was used to explore the relationship between the plasma leptin or nesfatin-1 concentrations and AUQ scores, SDS scores, inflammatory makers and BDNF levels in patients with AUD, controlling for age as covariate. Quantitative data are reported as means ± standard deviation (SD).




RESULTS


Demographic Values, Alcohol-Related Data, Routine Laboratory Parameters and Scales of the AD Group and the Control Group

As shown in Table 1, there were no significant differences in age, BMI, dietary intakes, or sex between the two groups. The first drinking age of alcohol-dependent patients were average of 17.87 ± 3.24 years old, with a reported daily intake of ethanol ranging from 4 to 33 standard drink (mean 10.54 ± 6.10 standard drink, American standard) over a period of 7.56 ± 6.62 years.


Table 1. Comparison of demographic data, alcohol-related data, routine laboratory parameters, and scales between alcohol-dependent patients and healthy controls.
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The mean ALT, AST, ALP, γ-GGT, and TBA levels were significantly higher in the AUD group when compared with the control group, which suggested that liver function of the AUD patients has not fully recovered after a month of abstinence. Moreover, the mean TC and TG levels of the AUD patients were also increased statistically, indicating that there was still a disorder of lipid metabolism in the patients with AUD receiving a month of abstinence.

The average scores of AUQ, MAST, FTND, SAS, and SDS of alcohol-dependent patients were 19.53 ± 8.39, 30.47 ± 9.44, 5.14 ± 2.01, 43.45 ± 8.51, and 48.17 ± 11.25, respectively (Table 1).



Circulating Inflammatory Cytokines, Leptin, Nesfatin-1, Cortisol, and BDNF Levels of the AUD Group and the Control Group

In order to control for interactions of BMI with leptin or nesfatin-1 levels, the leptin/BMI ratio and nesfatin-1/BMI ratio were also calculated and analyzed between the two groups. As shown in Table 2, the mean leptin levels (t = −9.375, P < 0.001) and leptin/BMI ratio (t = −7.990, P < 0.001) were significantly higher, while the mean BDNF levels (t = 2.929, P = 0.008) were significantly lower in the AUD group than in the control group. In terms of inflammatory cytokines, the plasma concentrations of IL-6 (t = −2.339, P = 0.021), CRP (t = −4.990, P < 0.001), and TNF-α levels (t = −7.969, P < 0.001) in the AUD group were increased significantly than those in the healthy control group. No statistical difference was observed in nesfatin-1 levels (t = 1.256, P = 0.211), nesfatin-1/BMI ratio (t = 1.145, P = 0.255), and cortisol (t = 0.985, P = 0.326) between the two groups. However, only the mean leptin, CRP, and TNF-α levels remained significance after Bonferroni correction.


Table 2. Comparison of leptin, leptin/BMI, nesfatin-1, nesfatin-1/BMI, inflammatory cytokines, cortisol, and BDNF levels between alcohol-dependent patients and healthy controls after 1 month of abstinence.
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Relationship Between Leptin or Nesfatin-1 Levels and Craving in Patients With AUD

The results of the partial correlational analysis showed that the AUQ scores were positively correlated with plasma leptin concentrations (r = 0.613, P < 0.001; Table 3), but not plasma nesfatin-1 concentrations (r = 0.066, P = 0.569; Table 3) in patients with AUD after controlling for age as covariate.


Table 3. Partial correlation between the plasma leptin or nesfatin-1 concentrations and AUQ scores, SDS scores, inflammatory makers and BDNF levels in patients with AUD after controlling for age.
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Relationship Between Leptin or Nesfatin-1 Levels and Degree of Depression in Patients With AUD

As shown in Table 3, plasma nesfatin-1 concentrations were positively correlated with the SDS scores (r = 0.366, P = 0.001) in the alcohol-dependent patients after controlling for age as covariate. However, no correlation between SDS scores and leptin was observed in patients with AUD (r = −0.066, P = 0.564; Table 3).



Relationship Between Leptin or Nesfatin-1 Levels and Inflammatory Makers and BDNF Levels in Patients With AUD

As shown in Table 3, plasma leptin concentrations were positively correlated with the plasma IL-6 (r = 0.257, P = 0.033), CRP (r = 0.305, P = 0.011), and TNF-α (r = 0.311, P = 0.009), whereas negative relationship was found between leptin levels and BDNF levels (r = −0.245, P = 0.042; Table 3) in the AUD group after controlling for age as covariate. Moreover, plasma nesfatin-1 concentrations were not correlated with the plasma IL-6 (r = −0.094, P = 0.412), CRP (r = 0.112, P = 0.329), TNF-α (r = −0.056, P = 0.628), and BDNF levels (r = −0.056, P = 0.625; Table 3) in the alcohol-dependent patients.

Additionally, the plasma leptin concentrations were not correlated with the ALT, AST, ALP, γ-GGT, TBA, TC, and TG levels (P > 0.05) in the alcohol-dependent patients.




DISCUSSION

In the present study, we demonstrated that the average leptin, IL-6, CRP, and TNF-α levels were significantly higher in the AUD patients when compared with healthy controls. Moreover, the partial correlational analysis showed that the AUQ scores were positively correlated with the plasma leptin levels in patients with AUD. Furthermore, the plasma nesfatin-1 levels were found to be correlated with the SDS scores, but not the AUQ scores in alcohol-dependent patients. Additionally, the plasma leptin levels were positively associated with the plasma IL-6, CRP, and TNF-α levels, and negatively associated with the BDNF levels in patients with AUD. These results suggest that the plasma leptin, but not nesfatin-1, might be a potential biomarker for the degree of addiction in alcohol-dependent patients after 1 month of abstinence, and its mechanism may be related to inflammatory dysfunction and BDNF levels.

Patients with AUD in this study underwent alcohol dependence rehabilitation treatment program for 1 month that includes oral administration of benzodiazepines during the abstinence period for protracted alcohol-withdrawal symptoms or behavior control. After that, the patient has basically reached discharge standards. Thus, one month after withdrawal was chosen as a time point to evaluate the degree of craving and find possible biomarkers.

The issue of appetite peptide hormones as putative state markers of alcohol use and its role in craving has been raised in the last few years. Clinical studies have indicated that increased levels of leptin were significantly associated with the amount of alcohol consumed by active drinkers throughout their lives, regardless of nutritional status or the presence of compensated liver disease (23). Preclinical studies showed that chronic ethanol consumption increased circulating levels of leptin with a change in expression of leptin sensing molecules in the hypothalamus and peripheral adipose tissue (24). In line with these results, in the present study, the patients with AUD after alcohol abstinence showed higher plasma leptin levels compared with healthy control subjects. Recently, an association between leptin and craving in females has been observed (25). In this study, patients with AUD were all male. Based on the partial correlational analysis, our results showed that the plasma leptin levels were associated with the AUQ scores in male alcohol-dependent patients after alcohol abstinence. These results indicated that plasma leptin might be a potential biomarker for the degree of addiction in both sexes.

Alcohol-dependent patients often have liver and metabolic disorders. In the present study, the AUD group exhibited significantly increased ALT, AST, ALP, γ-GGT, and TBA levels, and TC and TG levels when compared with healthy controls, which suggested that liver function and lipid metabolism of the AUD patients has not fully recovered after a month of abstinence, respectively. Conflicting results have been reported regarding the association of plasma leptin with metabolic alterations and liver function in several diseases. It has been reported that serum leptin was clearly correlated with markers of metabolism and liver function in critically ill patients (26). By contrast, in another study, no association of routine laboratory parameters, especially liver enzymes (gGT, AST, ALT) and leptin levels was observed in alcohol addicts during an inpatient detoxification (27). Consistently, in the present study, plasma leptin concentrations were not correlated with the markers of lipid metabolism and liver function further suggesting that serum leptin not correlated with the abnormal lipid metabolism and liver function in the alcohol-dependent patients after abstinence.

Ghrelin, the counter hormone of leptin, has been reported to play an important role in the neurobiology of AUD. Clinical studies have shown a correlation between ghrelin levels and alcohol craving in alcoholics (28). Specifically, baseline ghrelin levels (Ghrelin-T0) were significantly and positively correlated with the craving scores in alcohol-dependent subjects, but Ghrelin-T1 (2 weeks after baseline), Ghrelin-T2 (6 weeks) and Ghrelin-T3 (12 weeks) did not correlate with any of the alcohol craving scores (28). These results indicated that ghrelin levels at baseline, not after withdrawal, were associated with alcohol craving in alcoholics. Given the fact that the aim of the present study was to investigate the relationship between plasma biomarkers and the degree of craving in patients with AUD after 1 month of abstinence, the levels of ghrelin were not collected.

Nesfatin-1, another anorexigenic hormone, has a variety of neuroendocrine functions, including emotional regulation, stress response, inflammatory response, cardiovascular system and reproduction (29). Few studies on the correlation between nesfatin-1 and alcohol dependence has been reported. Only one study showed that plasma NUCB2/nesfatin-1 levels were lower in highest craving phase and tended to normalize after abstinence (30). Consistently, no statistical difference was observed in nesfatin-1 levels between the alcohol-dependent patients and healthy controls, and neither was the correlation between craving and nesfatin-1 levels, indicating that nesfatin-1 was not suitable as a marker of severity of addiction in patients with AUD after withdrawal. Recent studies have suggested that there is a close relationship between nesfatin-1 and depression (31). Our previous results (32, 33) together with other studies (34) have demonstrated that the plasma nesfatin-1 level was positively correlated with the severity of depression. In the present study, SDS, a 20-item self-report questionnaire that is widely used as a screening tool, covering affective, psychological, and somatic symptoms associated with depression, was used to evaluate the severity of depression in patients with AUD after withdrawal. The results showed that the plasma nesfatin-1 concentrations were positively correlated with the SDS scores, providing more data linking nesfatin-1 to depression.

Accumulated data support a certain link between AUD and inflammatory response. It has been indicated that regardless of the amount of alcohol consumed, the serum TNF-α concentration in alcoholic patients was higher than that in the general population (35). Moreover, IL-6 serum levels were directly associated with alcohol consumption on the first day of withdrawal (35). In addition, the levels of IL-6, IL-12, and TNF-α synthesis were significantly increased among chronic alcoholics still consuming alcohol (36). Consistently, the present study showed that the plasma levels of IL-6, CRP, and TNF-α were significantly increased in the patients with AUD, which again suggests that inflammatory factors may play an important role in AUD. Leptin, an adipocyte-secreted hormone that centrally regulates weight control, is the cornerstone of regulating immune and inflammatory response (37, 38). Previous studies have indicated that serum TNF-α levels were positively correlated with leptin levels in patients with systemic sclerosis (39). Another study showed that leptin could induce IL-6 expression through the long form (OBRl) leptin receptor (40). Plasma leptin concentrations were positively correlated with the plasma IL-6, CRP, and TNF-α levels in the present study, which suggests that the role of leptin as a marker of addiction in alcohol-dependent patients may be related to the changes in inflammatory cytokines.

Recent studies have hypothesized that prolonged alcohol intake may affect the synthesis of BDNF, which has a significant role in neuronal development, plasticity and learning. It has been reported that serum BDNF levels were significantly lower in alcoholic patients compared with healthy controls (19). Another study found that the level of BDNF in the seventh day of withdrawal was lower than that of alcohol dependent patients before abstinence (41). Recently, a significant association of BDNF with alcohol craving measured by the Obsessive and Compulsive Drinking Scale (OCDS) was been observed (42). In consonance with these data, the levels of BDNF in the AUD group were lower than that in control group in the present study. However, the correlation between BDNF and alcohol dependence was not observed, which might due to the choice of scale or the different withdrawal period. Additionally, a negative relationship between leptin and BDNF levels was observed. Taken together the fact that hypothalamic BDNF down-regulated leptin production in adipocytes via sympathoneural β-adrenergic signaling (43), it is rational to presume that the role of leptin as an addictive marker in alcohol-dependent patients may be related to the levels of BDNF.

Recent study explored the effects of alcohol on cortisol levels. It has been revealed that the cortisol concentrations of alcoholics were three to four times higher than those of alcoholics or non-alcoholics (44). However, abstinent alcoholics and non-alcoholics showed similar low cortisol levels (44), indicating that cortisol levels eventually returned to normal after long-term alcohol withdrawal. In accordance with these results, present study showed that after a month of abstinence, similar cortisol levels were observed in the alcohol-dependent patients and healthy controls, indicating that plasma cortisol might not suitable as a biomarker for alcohol-dependent addiction in alcohol-dependent patients after withdraw.

The basal level of data in alcohol-dependent patients and controls before abstinence should also be included for the reason that we can dynamically observe the correlation between the plasma leptin levels and craving. However, almost all the patients in the present study do not have the ability or refuse to sign informed consent based on their state at the time of admission. Thus, these data at baseline were not collected. Due to fact that ~90% of alcoholics may experience at least one relapse within 4 years after treatment (1), it is of great clinical significance to the description of the determinants of cravings after treatment and discharge in alcohol-dependent patients and to reduce the recurrence rate. Therefore, the data of patients after abstinence and treatment were collected, and the aim of the present study was to find possible biomarkers for the degree of craving in alcohol-dependent patients after alcohol dependence rehabilitation treatment program for 1 month. Based on the current data, we may draw the conclusion that plasma leptin might be a potential biomarker for the degree of craving in alcohol-dependent patients after 1 month of abstinence. Multi-centric and longitudinal studies are clearly required to dynamically investigate whether plasma leptin could be used as novel non-invasive biomarkers the degree of craving in patients with AUD.

This study has several limitations. Firstly, this study is a single-center study with relatively small sample size. Secondly, the patients with AUD in this study were all male, which might be considered as a limitation. Thirdly, only one time point after withdrawal was observed, and the data at baseline were not included. Further studies are needed to dynamically observe and identify biomarkers of AUD and addiction.

At the end of this study, we have reached upon this conclusion that plasma leptin, rather than nesfatin-1, might be a potential biomarker for alcohol-dependent addiction in alcohol-dependent patients after 1 month of abstinence, and its mechanism may be related to abnormalities in inflammatory factors and BDNF levels. The exact mechanism needs further study to explore.
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