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Background: Previous studies suggest that alcohol dependence is

associated with depression, however, the e�ect of alcohol dependence

varies from individual to individual, which may be due to di�erent genetic

backgrounds. The interactions between alcohol dependence and di�erent

gene polymorphisms may finally shape the onset of depression. Neuropeptide

Y (NPY), which can maintain homeostasis from high-stress stimulation, may

protect individuals from the onset of depression. Here, we explored whether

the NPY rs16147:T>C has an association with depression in individuals with

alcohol dependence during the period of alcohol dependence withdrawal.

Methods: A total of 455 males with alcohol dependence were recruited. The

scale of Michigan Alcoholism Screening Test (MAST) and Self-Depression Scale

(SDS) were respectively used to analyze the condition of alcohol dependence

and depression. GenomicDNAwas extracted fromeach blood sample andNPY

polymorphisms were genotyped. The interaction between NPY rs16147:T>C

and alcohol dependence on depression was first analyzed. Then, region of

significance analysis was used to confirmwhichmodel provided the best fit for

the interaction (diathesis-stress or di�erential susceptibility). Finally, by using

internal replication analyses, the accuracy and robustness of the interaction

results were improved.

Results: Alcohol dependence was positively correlated with depression. CC

homozygotes of NPY rs16147:T>C exhibited less depression when exposed to

low alcohol dependence, but more depression when exposed to high alcohol

dependence. Individuals with the T allele showed the opposite result.
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Conclusion: NPY rs16147:T>C might be correlated with susceptibility for

depression in males during alcohol dependence withdrawal. The findings

support the di�erential susceptibility model.
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Introduction

Alcohol use is an established facet of diverse cultural

contexts and religions, providing perceived pleasure to many

users and facilitating social interaction. However, excessive

alcohol use is also a principal causal factor in a number of

mental health conditions, including alcohol dependence and

other alcohol use disorders (1). According to the WHO global

status report on alcohol and health in 2018, alcohol dependence

(identified as an impairment of self-control over his or her

drinking) is often associated with mental health problems such

as depression (2). Further studies have shown that alcohol

dependence significantly increases the risk of suffering from

depression (3, 4). Alcohol use disorder is characterized by

repeated withdrawals, followed by relapses, resumption of

drinking. Alcohol dependent withdrawal (ADW) is caused by a

cessation of long-term ethanol consumption and is characterized

by symptoms of hyperactivity of the central nervous system,

hyperactivity of the autonomic nervous system, causing physical

and emotional disorders (5). ADW-related mood disorders,

including depression, anxiety, irritability, are a significant cause

of alcohol dependence relapse (6–8). However, reports on the

effect of ADW and the onset and emergence of depression varies

greatly across individuals (9).

The literature on alcohol dependence withdrawal indicates

that not all individuals experience symptoms of depression

in the context of ADW. Several depression studies indicate

that more than 50% of depression patients have experienced

severe adversity before the onset of the illness, while some

people facing severe stress never have symptoms of depression

(10, 11). For example, Caspi et al. found subjects with short

allele of 5-HTTLPR (homozygotes or heterozygotes) exhibited

more depressive symptoms and hadmore possibility to diagnose

as depression than individuals with long allele homozygotes

of 5-HTTLPR when exposed to life stress (12). To further

investigate factors that lead to differences in the development

of depression on an individual level, depression and alcoholism

studies began to investigate the association of polymorphisms

Abbreviations: NPY, neuropeptide Y; ADW, alcohol dependence

withdrawal; cAMP, AMP; CRF, corticotropin-releasing factor; GxE,

gene-by-environment; MAST, Michigan Alcoholism Screening Test; SDS

Self-Depression Scale; RoS region of significance.

in various genetic regions of alcohol dependent subjects (13–

15). Amongst cyclic AMP (cAMP), protein kinase A, cAMP

responsive element-binding, and neuropeptide Y (NPY), the

role of NPY in the development of depression within the

context of alcohol dependence is well-established (13, 15–17).

NPY, a highly conserved 36-residue peptide, is reported to be

densely distributed in amygdala, hippocampus, neocortex and

other areas related to psychopathology, playing a pivotal role

in regulating emotion response (18). Many studies have shown

that the expression level of NPY in the brain is closely related

to the occurrence of depression. For example, people with low

levels of NPY in the brain have a higher risk of depression (19).

Conversely, administration of NPY have anti-stress effects, and

thereby can reduce emotional responses on depression (20).

Single nucleotide polymorphisms (SNPs) are genetic

variants of one nucleotide and these changes could have

functional implications. On the one hand, SNPs can influence

rates of transcription causing changes in the production of

encoded protein when present in regulatory sites of a gene. On

the other hand, in the coding regions, SNPs can alter protein

structure and hence function, resulting in the development

of disease or change in response to a drug or environmental

toxin (21). Thus, researchers have used SNPs as biomarkers in

many disease genetics and pharmacogenomic studies. Located

on chromosome 7p15.3, the human NPY gene has four exons,

of which rs16147 is the main genetic variant described in this

gene and it is located within the promoter region upstream

of the NPY gene (22). Previous studies have identified NPY

rs16147:T>C, a single promoter variant, responsible for the

expression of NPY (15). Furthermore, it reported that NPY

rs16147:T>C genotypes were associated with stress experiences,

which can predict stress-related outcomes. In animal models,

NPY reduces stress effects (20, 23) and alcohol consumption

(24), and opposes the actions of corticotropin-releasing

factor (CRF) (25) as well as responsible for the anxiogenic and

stress-like consequences of alcohol dependence withdrawal (16).

Yet to date, few studies have examined the exact form of

the interaction between the environment and NPY rs16147:T>C

gene polymorphism. According to the literature on gene-by-

environment (G × E) interactions, the interaction between

environment and gene polymorphism can be fitted into two

model. The diathesis-stress model of environmental action (26)

suggests individuals with a risk gene are affected negatively by
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poor environments, whereas individuals with a different version

of the same gene are relatively unaffected by environments.

Where given the best environments, individuals with differing

polymorphisms may exhibit similar levels of behavior, but

behavior of the groups diverges with worsening environmental

conditions. The differential-susceptibility model (27) on the

other hand, suggests that individuals carrying “risk alleles”

may simply be more malleable to changes in the environment.

Wherein, individuals with a putative high-risk allele should

exhibit poorer outcomes in poor environments and similar

outcomes to individuals with a low-risk allele in average

environments. However, in very good environments, individuals

with a putative high-risk allele will show outcomes that are

superior to individuals with the low-risk allele. In other words,

individuals with “risk alleles” are malleable to environment

conditions, benefitting from supportive environments but

exhibiting poorer outcomes in poor environments.

The present study aims to understand the role of NPY

rs16147:T>C on depression in patients with acute alcohol

dependence withdrawal. According to the literature on alcohol

dependence and depression, NPY rs16147:T>C is key to

understanding the development of depression in alcohol

dependence withdrawal population (28). Yet to date, the exact

form of the interaction between the environment and NPY

rs16147:T>C gene polymorphism remains unclear. To further

understand the role of NPY rs16147:T>C, blood samples and

scores of Michigan Alcoholism Screening Test (MAST), self-

depression scale (SDS) were obtained from alcohol dependence

patients from seven psychiatric hospitals. Confirmatory analytic

approaches commonly used in previous studies were then

conducted to identify the form of G× E interaction. Specifically

to identify whether the role of NPY rs16147:T>C conforms to

the diathesis-stressmodel or the differential-susceptibilitymodel.

Based on the current literature suggesting that T alleles of

rs16147:T>C are protective under high stress conditions (15). It

could be hypothesized that NPY rs16147:T>C may accord with

the differential-susceptibility model, wherein NPY rs16147:T>C

under very good environment conditions may show outcomes

that are superior to individuals with the low-risk allele; but

poorer outcomes in poor environments and similar outcomes

in average environments compared to low-risk allele.

Materials and methods

Participants

A total of 455 males were recruited from seven psychiatric

hospitals in northern China: Beijing Hui Long Guan Hospital,

Shandong Mental Health Center, the Sixth Hospital in

Changchun, ShenyangMental Health Center, the Third Hospital

in Inner Mongolia Autonomous Region, Hulunbuir Mental

Health Center, and Tongliao Mental Health Center. All the

patients recruited in the study met the criteria for alcohol

dependence based on the Structured Clinical Interview for

DSM-IV Axis I disorders.

The inclusion criteria were as follows: (1) diagnosis of

alcohol dependence according to the DSM-IV; (2) male gender;

(3) Han ethnicity; (4) provided written informed consent. The

exclusion criteria were as follows: (1) presence of other substance

abuse or dependence; (2) presence of severe cardiovascular

disease, liver disease, or kidney disease; (3) participant, or a first-

degree relative of the participant, has a serious mental illness; (4)

individual declined to participate.

The participants were asked to complete a series of

questionnaires and provide a blood sample for DNA extraction.

All staff involved in this study were trained before the

study commenced.

Measures

Alcohol dependence

Alcohol dependence was assessed using MAST (13). The

MAST is a self-report questionnaire comprising 25 items rated

on a scale from 1 to 4, with a higher number corresponding

to greater alcohol dependence. The scale has high internal

consistency reliability, with an alpha value of 0.90 (15).

Depression

SDS was used to assess each participant’s level of depression.

The SDS contains 20 items that are rated on a scale from 1

to 4, with higher numbers corresponding to more frequent

symptoms. The higher the total score, the more severe the

depressive symptoms (17). Considering that the ADW patients

are able to cooperate in answering the questionnaire about 20

days later, SDS is used to measure the severity of depressive

symptoms 3 weeks after hospitalization.

Genotyping

Genomic DNA was extracted from each blood sample using

standard techniques. The NPY rs16147:T>C was conducted

using the TaqMan SNP genotyping assay (cat number: 4351374;

ABI: Applied Biosystems Inc., Foster City, CA, USA). The

probes of SNPs were analyzed from ABI assay on demand kit.

Statistical analysis

First, the Hardy–Weinberg equilibrium for genotype

distributions of NPY rs16147:T>C was tested using the c2

test for goodness of fit. Then, Pearson correlations were

examined between genetic polymorphisms, age, years of
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education, alcohol dependence, and depression. Consistent

with other research, CT and TT genotypes were collapsed into

a T-allele group and coded as 1; the CC genotype was coded

as 0. Then, traditional linear regression was used to test the

interaction between alcohol dependence and the rs16147:T>C

polymorphism. When a significant interaction was found,

region of significance (RoS) analysis was used to examine the

form of the interaction (29).

Finally, a re-parameterized regression model was fitted to

examine the specific pattern of gene× environment pattern (30),

which had the form:

Y =

{

Group: D = 0 B0 + B1 (X− C)+ B3X2 + B4X3 + E

Group: D = 1 B0 + B2 (X− C)+ B3X2 + B4X3 + E

where Group is the allelic group, X is alcohol dependence,

X2 and X3 are the demographic covariates age and years of

education, Y is the dependent variable of depression, and C is the

crossover point where the slopes of the different groups cross.

What distinguishes the diathesis-stress model and differential

susceptibility model is the estimate and interval estimate of

crossover point C. If the estimate and interval estimate of

crossover point C fall within the range of alcohol dependence,

the model is consistent with the differential susceptibility model.

Otherwise, if crossover point C is over the maximum of

alcohol dependence, the model is consistent with the diathesis-

stress model.

The diathesis-stress model and differential susceptibility

model can be further subdivided into “strong” and “weak”

versions. Strong versions assume that “non-risk/non-plasticity

allele” carriers are not susceptible to the environment. Weak

versions assume that both allele carriers are susceptible to the

environment but “non-risk/non-plasticity allele” carriers are

less susceptible to the environment than “risk/plasticity allele”

carriers. These models are nested within each other. Thus, the

F test was used to compare the models and identify a difference

in the parameter estimates. For non-nested models, the Akaike

information criterion (AIC) and Bayesian Information Criterion

(BIC) were compared to evaluate which model was a better fit.

All p-value of <0.05 were considered as statistically

significant. IBM SPSS Statistics 22.0 (IBM SPSS, Inc.) and

R-language (R Foundation for Statistical Computing, Vienna,

Austria) were used for the statistical analyses.

Results

Descriptive statistics

Table 1 showed the demographic and clinical characteristics

of the participants. The mean age of the participants was 44.31

years (SD = 9.29). Regarding their education, the average

number of years in formal schooling was 10.69 (SD= 2.84). And

TABLE 1 Demographic and clinical characteristics of the study

subjects (N = 455).

Factors Mean (SD) or N (%)

Age (years) 44.31 (9.29)

Education years (years) 10.69 (2.84)

Marital status (n)

Married 328 (72.1%)

Not married 51 (11.2%)

Divorced 70 (15.4%)

Widowed 6 (1.3%)

Living patterns (n)

Live with family 361 (79.3%)

Living with non-family 94 (20.7%)

MAST (scores) 9.28 (5.47)

SDS (scores) 56.06 (11.39)

MAST, the Michigan Alcoholism Screening Test; SDS, the Self-rating Depression Scale.

the mean scores of MAST was 9.28 (SD = 5.47) and SDS was

56.06 (SD = 11.39). The condition of marital status and living

patterns were also listed in the table. Besides, of the 455 male

inpatients, 60 (13.19%) were CC homozygotes, 213 (46.81%)

were CT heterozygotes, and 182 (40.00%) were TT homozygotes.

The genotype distribution of NPY rs16147:T>C was consistent

with the Hardy–Weinberg equilibrium (χ2 = 0.04, p > 0.05,

Supplementary Table 1). A series of t-tests were then conducted

to examine whether male inpatients with and without alcohol

dependence and depressive symptoms differed in terms of

the polymorphism NPY rs16147:T>C. The results revealed no

significant differences (alcohol dependence: t= 1.13; depression:

t = 0.11, both p > 0.05, Supplementary Table 2).

Correlation of MAST and SDS scores

The descriptive statistics for each research variable are

shown in Table 2. Male inpatients’ MAST scores were positively

correlated with SDS scores (r = 0.24, p < 0.01). Whilst MAST

scores were negatively correlated with the educational years

(r = −0.2, p < 0.01). No significant correlation between

polymorphisms of NPY rs16147:T>C and MAST (p > 0.05), as

well as SDS scores (p > 0.05) were observed.

E�ect of interactions between NPY
genotyping and alcohol dependence on
depression

Next, hierarchical regression models were used to predict

depression from alcohol dependence for different allelic

groups, with age and years of education as covariates.
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TABLE 2 Descriptive statistics and correlations among study variables.

NPY rs16147:T>C Age Educational years Alcohol dependence Depression

NPY rs16147:T>C 1

Age 0.01 1

Educational years −0.02 −0.38** 1

Alcohol dependence −0.05 0.15** −0.20*** 1

Depression −0.01 −0.01 −0.03 0.24*** 1

M (–) 44.31 10.69 9.28 56.06

SD (–) 9.29 2.84 5.47 11.39

NPY, neuropeptide Y; M, mean; SD, standard deviation. **p < 0.01; ***p < 0.001.

TABLE 3 Interaction between NPY rs16147:T>C and alcohol dependence on depression during acute alcohol dependence withdrawal.

Variables Depression

1R2 B (SE) β t p 95% confidence interval

Age 0.01 0.01 (0.01) 0.05 0.92 0.36 −0.01to 0.02

Educational years −0.00 (0.02) −0.01 −0.11 0.91 −0.04 to 0.03

Alcohol dependence 0.05 0.52 (0.12) 0.52 4.29 <0.001*** 0.28 to 0.76

NPY rs16147:T>C −0.06 (0.14) −0.02 −0.45 0.65 −0.33 to 0.21

Alcohol dependence× NPYrs16147:T>C 0.01 −0.32 (0.13) −0.29 −2.41 0.02* −0.57 to−0.06

NPY, neuropeptide Y; SE, standard error. *p < 0.05; ***p < 0.001.

FIGURE 1

Region of significance test on depression from alcohol

dependence in NPY rs16147:T>C allelic groups. Gray shaded

area represents 95% CI of the crossover point C of the

interaction on the alcohol dependence axis. 95% CI of C ranged

from −0.29 to 0.15. T allele carriers: CT or TT.

With regard to the main effects, Table 3 shows that alcohol

dependence was positively related to depressive symptoms

(β = 0.52, p < 0.05), but that there was no main

effect of genotype (β = −0.02, p = 0.65). Furthermore,

the interaction between NPY rs16147:T>C and alcohol

dependence was significant (β = −0.29, p < 0.05). Then,

the RoS test was used to examine the interaction effect.

As shown in Figure 1, the slopes for alcohol dependence

on depression were as follows: CC homozygotes, β = 0.25,

t = 16.44, p < 0.01; T allele carriers, β = 0.23, t = 4.90,

p < 0.01. Relative to T allele carriers, CC homozygotes

were more likely to be affected by alcohol dependence

causing depression.

Internal replication analyses

In order to improve the accuracy and robustness of the

interaction results, re-parameterized regression model was fitted

to examine the specific pattern of gene × environment. The

fit of the weak differential susceptibility model, Model B,

yielded a significant R2 = 0.07, p < 0.001 (Table 4), explained

a significant amount of variance in depression, in which

the slope for T allele group was significant (B2 = 0.52,

p < 0.001). The estimated crossover point C and 95% CI

of C both fell within the range of alcohol dependence,

C = −0.19 (SE = 0.43), 95% CI = [−1.03, 0.65]. Thus,

Model B provides strong support for the weak differential

susceptibility model, indicating that the T allele carriers with

alcohol dependence is less susceptible to depression than

CC homozygotes.
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TABLE 4 Results for re-parameterized regression model for depression.

Differential susceptibility Diathesis-stress

Parameter Strong: Weak: Strong: Weak:

Model A Model B Mode C Mode D

B0 −0.21 (0.36) −0.24 (0.37) −0.22 (0.36) 0.15 (0.36)

B1 0.00 (–) 0.21***(0.05) 0.00 (–) 0.24***(0.05)

C −0.10 (0.27) −0.19 (0.43) 1.51 (–) 1.51 (–)

95%CI of C [−0.63, 0.43] [−1.03, 0.65] (–) (–)

B2 0.51*** (0.12) 0.52*** (0.12) 0.17*** (0.07) 0.32*** (0.07)

B3 0.01 (0.01) 0.01 (0.01) 0.01 (0.01) 0.01 (0.01)

B4 0.01 (0.02) −0.01 (0.02) 0.01 (0.02) −0.00 (0.02)

R² 0.04 0.07 0.01 0.06

F (df ) 4.48*** (4,450) 8.90*** (5,449) 2.11 (3,451) 7.68*** (4,450)

F vs. A(df) (–) 16.98*** 11.41*** (–)

F vs.B(df) 16.98*** (–) 14.40*** 4.56*

AIC 1284.47 1269.58 1293.87 1272.19

BIC 1309.19 1298.42 1314.47 1296.91

AIC, Akaike information criterion; BIC, Bayesian information criterion. *p < 0.05; ***p < 0.001.

Discussion

Alcohol dependence withdrawal can be regarded as an

acute stressor, and NPY is conducive to coping with stress-

related psychological disorders. Thus, the purpose of this study

was to explore the interaction between alcohol dependence

and NPY rs16147:T>C and its potential additional meaning

in the occurrence of depression during the period of ADW.

The results revealed that during the period of ADW, when the

degree of alcohol dependence was low, NPY rs16147:T>C CC

homozygotes showed a lower degree of depression compared

with those who carried the NPY rs16147:T>C T allele. When

the degree of alcohol dependence was high, the result was

reversed. Further, the model conformed to the differential

susceptibility model.

We firstly identified the relevance between the NPY

rs16147:T>C × alcohol dependence and depression, then

competitive model-testing analysis was employed to evaluate

which gene and disease interaction model was the best fit

for the data. The results revealed that the weak differential

susceptibility model was the best fit. This indicates that CC

homozygotes react differently to depression in the adverse or

positive condition of alcohol dependence during the period of

ADW. Individual genetic variation and the interactions between

genes and external factors may characterize neural circuits and

neurochemical functions, which represent the psychological

strength of adaptable individuals. Stress-related events (such

as ADW) can increase an individual’s susceptibility to serious

psychiatric problems such as depression. Considering that

genetic factors contribute to recovery, it is necessary to identify

candidate genetic variations to explain genetic patterns.

Alcohol dependence withdrawal can give rise to increased

CRF synthesis and release (31). CRF is a stress-promoting

neuropeptide which is dysregulated by long-term high-dose

alcohol exposure. It can induce anxiogenic behaviors or other

stress-related symptoms (25). Interestingly, NPY and CRF

show high neuroanatomical overlap but opposite function (32).

The current researches have consistently pointed out that

NPY mainly counteracts alcoholism anxiety and stress-related

symptoms caused by CRF in alcohol dependence (25), which

suggests the effect of NPY on emotional homeostasis. And

there is evidence that NPY may, through the GABAA receptor,

significantly counteract the central CRF and attenuate the

biological actions of CRF, in turn weaken stress responses (33).

The expression of NPY is related to the polymorphism of

the NPY gene as well as change in NPY expression. For the

NPY gene, one of the main genetic variations is rs16147:T>C,

which is located in the promoter region upstream of the NPY

gene (34). The results of this study suggest that rs16147:T>C

may have a connection in the regulation of emotions, especially

in terms of an interaction with alcohol dependence. In relation

to the underlying internal mechanisms, there are still some

unknowns. Even though, existing researches show that CC

homozygotes is associated with stress-related psychopathology

(35); thus, the current findings may be explained by the fact

that individuals with genetic variation respond differently to

different degrees of alcohol dependence. Zhou et al. found

that healthy individuals with low NPY expression genotypes

and CC homozygotes had increased amygdala activity during

the stress response (36). Neuroimaging studies of depression

have suggested a diverse array of brain regions, including the

amygdala, ventral striatum, thalamus, and cingulate. Among the
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regions associated with depression, the amygdala has received

some of the most intense empirical scrutiny. Meanwhile, studies

have led many to conclude that amygdala hyper-reactivity

increases the risk for depression and other, often co-occurring

internalizing illnesses (37). Therefore, we can presume that

depression is associated with an increased response to negative

stimuli in the amygdala. When the degree of alcohol dependence

is increased, the amygdala activity in CC homozygotes may be

enhanced. This may explain why CC homozygotes are more

likely to be depressed in an adverse environment. Additionally,

the current results indicated that individuals with the T allele

exhibited about the same amount of depression in the case

of severe alcohol dependence and in the condition of mild

alcohol dependence. This finding aroused our interest. It has

been reported that NPY rs16147:T>C can interact with chronic

stress and affect autonomic control, of which the T genotype is

associated with vagal activity. Under high chronic stress, vagus

nerve activity was found to be increased in patients with the T

genotype (38). Thus, it may be that with an increased degree of

alcohol dependence, T allele carriers can increase their capacity

to cope with depression by regulating the levels of vagal activity.

These findings shed light on the potential mechanism of

NPY rs16147:T>C in depression during ADW. According to

the mechanism of genetic susceptibility, individuals of different

genotypes showed different characteristics under stress. The

early adverse environment may change the concentration of

NPY, which can further induce stress-related psychopathology

for some genotypes. Moreover, for some individuals, genetic

resilience may enable the generation of more psychological

resources in the face of adverse environmental stressors. In the

current study, T allele carriers were able to adjust their state of

emotion when dealing with adverse alcohol dependence, while

CC homozygotes may have trouble dealing with a bad mood

when experiencing severe alcohol dependence.

These findings contribute to the existing literature by

providing valuable information about the latent etiology of

alcohol dependence and depression, which also have some

practical significance. The SNP (NPY rs16147:T>C) might be

one candidate biomarker for screening individuals with a higher

risk of developing depression in ADW. For ADW patients

with CC homozygotes, public-health workers are supposed to

heighten their vigilance in whether they are accompanied by

higher depressive tendency during acute withdraw in hospital.

Improving the disease detection rate is helpful for early

prevention and treatment.

Several limitations of this study should be addressed. First,

this study focused on male Chinese individuals, which may not

be generalizable to the Chinese population. Second, as a cross-

sectional study, the emotion and alcohol dependence status of

the participants were only measured once; thus, the long-term

association between depression and alcohol dependence among

participants with different genotypes could not be detected.

Third, the data were collected using self-rating scales, so there

may be reporting bias.

In conclusion, there was an interaction between NPY

rs16147:T>C and alcohol dependence indicating that

rs16147:T>C might correlate with susceptibility for depressive

symptoms among male adults with alcohol dependence during

the period of ADW. These findings provide support for the

differential susceptibility model, in which the CC homozygote

of rs16147:T>C was a plasticity factor rather than a factor that

only increased the depression symptoms of individuals during

ADW. These empirical findings have important implications for

understanding the genetic moderation of alcohol dependence

and its effect on individual differences in depression symptoms

during the period of ADW. Further work is required to explore

the underlying mechanisms of depression modulation at the

molecular level, especially in relation to functional studies of

neural systems.
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coping styles and alcohol dependence among homeless people. PLoS ONE. (2016)
11:e0162381. doi: 10.1371/journal.pone.0162381

14. Procopio DO, Saba LM, Walter H, Lesch O, Skala K, Schlaff G, et al. Genetic
markers of comorbid depression and alcoholism in women. Alcohol Clin Exp Res.
(2013) 37:896–904. doi: 10.1111/acer.12060

15. Skinner HA, Sheu WJ. Reliability of alcohol use indices.
The lifetime drinking history and the mast. J Stud Alcohol. (1982)
43:1157–70. doi: 10.15288/jsa.1982.43.1157

16. Pucci M, Micioni Di Bonaventura MV, Wille-Bille A, Fernández MS,
Maccarrone M, Pautassi RM, et al. Environmental stressors and alcoholism
development: focus on molecular targets and their epigenetic regulation.

Neurosci Biobehav Rev. (2019) 106:165–81. doi: 10.1016/j.neubiorev.2018.
07.004

17. Zung WW, Richards CB, Short MJ. Self-Rating Depression Scale in an
outpatient clinic. Further validation of the Sds. Arch Gen Psych. (1965) 13:508–
15. doi: 10.1001/archpsyc.1965.01730060026004

18. Eaton K, Sallee FR, Sah R. Relevance of neuropeptide Y(Npy) in psychiatry.
Curr Top Med Chem. (2007) 7:1645–59. doi: 10.2174/156802607782341037

19. Mickey BJ, Zhou Z, Heitzeg MM, Heinz E, Hodgkinson CA,
Hsu DT, et al. Emotion processing, major depression, and functional
genetic variation of neuropeptide Y. Arch Gen Psychiatry. (2011)
68:158–66. doi: 10.1001/archgenpsychiatry.2010.197

20. Heilig M. The Npy system in stress, anxiety and depression. Neuropeptides.
(2004) 38:213–24. doi: 10.1016/j.npep.2004.05.002

21. Kim S, Misra A. Snp Genotyping: technologies and
biomedical applications. Annu Rev Biomed Eng. (2007) 9:289–
320. doi: 10.1146/annurev.bioeng.9.060906.152037

22. Witt SH, Buchmann AF, Blomeyer D, Nieratschker V, Treutlein J, Esser G,
et al. An interaction between a neuropeptide Y gene polymorphism and early
adversity modulates endocrine stress responses. Psychoneuroendocrinology. (2011)
36:1010–20. doi: 10.1016/j.psyneuen.2010.12.015

23. Heilig M, Wahlestedt C, Widerlöv E. Neuropeptide Y (Npy)-Induced
suppression of activity in the rat: evidence for npy receptor heterogeneity and
for interaction with alpha-adrenoceptors. Eur J Pharmacol. (1988) 157:205–
13. doi: 10.1016/0014-2999(88)90384-6

24. Pleil KE, Rinker JA, Lowery-Gionta EG, Mazzone CM, McCall NM, Kendra
AM, et al. Npy signaling inhibits extended amygdala Crf neurons to suppress binge
alcohol drinking. Nat Neurosci. (2015) 18:545–52. doi: 10.1038/nn.3972

25. Sajdyk TJ, Shekhar A, Gehlert DR. Interactions between Npy and
Crf in the amygdala to regulate emotionality. Neuropeptides. (2004) 38:225–
34. doi: 10.1016/j.npep.2004.05.006

26. Burmeister M, McInnis MG, Zöllner S. Psychiatric genetics: progress amid
controversy. Nat Rev Genet. (2008) 9:527–40. doi: 10.1038/nrg2381

27. Belsky J, Pluess M. Beyond diathesis stress: differential susceptibility to
environmental influences. Psychol Bull. (2009) 135:885–908. doi: 10.1037/a0017376

28. Thorsell A. Neuropeptide Y (Npy) in alcohol intake and dependence.
Peptides. (2007) 28:480–3. doi: 10.1016/j.peptides.2006.11.017

29. Roisman GI, Newman DA, Fraley RC, Haltigan JD, Groh
AM, Haydon KC. Distinguishing differential susceptibility from
diathesis-stress: recommendations for evaluating interaction effects.
Dev Psychopathol. (2012) 24:389–409. doi: 10.1017/S0954579412
000065

30. Belsky J, PluessM,WidamanKF. Confirmatory and competitive evaluation of
alternative gene-environment interaction hypotheses. J Child Psychol Psych. (2013)
54:1135–43. doi: 10.1111/jcpp.12075

Frontiers in Psychiatry 08 frontiersin.org

https://doi.org/10.3389/fpsyt.2022.1012850
https://www.frontiersin.org/articles/10.3389/fpsyt.2022.1012850/full#supplementary-material
https://doi.org/10.1111/add.14234
https://doi.org/10.1111/j.1360-0443.2010.02945.x
https://doi.org/10.1002/14651858.CD008581.pub2
https://doi.org/10.1111/j.1360-0443.2010.03351.x
https://psycnet.apa.org/record/2010-16227-005
https://psycnet.apa.org/record/2010-16227-005
https://doi.org/10.1176/appi.ajp.2020.20050609
https://doi.org/10.1016/S0140-6736(09)60009-X
https://doi.org/10.1097/01.ALC.0000106302.75766.F0
https://doi.org/10.1038/35057015
https://www.psychiatria-danubina.com/UserDocsImages/pdf/dnb_vol25%20Suppl%202_no/dnb_vol25_noSuppl%202_263.pdf
https://www.psychiatria-danubina.com/UserDocsImages/pdf/dnb_vol25%20Suppl%202_no/dnb_vol25_noSuppl%202_263.pdf
https://www.psychiatria-danubina.com/UserDocsImages/pdf/dnb_vol25%20Suppl%202_no/dnb_vol25_noSuppl%202_263.pdf
https://doi.org/10.1126/science.1083968
https://doi.org/10.1371/journal.pone.0162381
https://doi.org/10.1111/acer.12060
https://doi.org/10.15288/jsa.1982.43.1157
https://doi.org/10.1016/j.neubiorev.2018.07.004
https://doi.org/10.1001/archpsyc.1965.01730060026004
https://doi.org/10.2174/156802607782341037
https://doi.org/10.1001/archgenpsychiatry.2010.197
https://doi.org/10.1016/j.npep.2004.05.002
https://doi.org/10.1146/annurev.bioeng.9.060906.152037
https://doi.org/10.1016/j.psyneuen.2010.12.015
https://doi.org/10.1016/0014-2999(88)90384-6
https://doi.org/10.1038/nn.3972
https://doi.org/10.1016/j.npep.2004.05.006
https://doi.org/10.1038/nrg2381
https://doi.org/10.1037/a0017376
https://doi.org/10.1016/j.peptides.2006.11.017
https://doi.org/10.1017/S0954579412000065
https://doi.org/10.1111/jcpp.12075
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org


Wei et al. 10.3389/fpsyt.2022.1012850

31. Roberto M, Cruz MT, Gilpin NW, Sabino V, Schweitzer P, Bajo M,
et al. Corticotropin releasing factor-induced amygdala gamma-aminobutyric acid
release plays a key role in alcohol dependence. Biol Psych. (2010) 67:831–
9. doi: 10.1016/j.biopsych.2009.11.007

32. Gilpin NW. Corticotropin-releasing factor (Crf) and neuropeptide Y(Npy):
effects on inhibitory transmission in central amygdala, and anxiety- and alcohol-
related behaviors. Alcohol. (2012) 46:329–37. doi: 10.1016/j.alcohol.2011.11.009

33. Yang Y, YuH, Babygirija R, Shi B, SunW, Zheng X, et al. Electro-acupuncture
attenuates chronic stress responses via up-regulated central Npy and Gaba (a)
receptors in rats. Front Neurosci. (2020) 14:629003. doi: 10.3389/fnins.2020.629003

34. Domschke K, Hohoff C, Jacob C, Maier W, Fritze J, Bandelow B, et al.
Chromosome 4q31-34 panic disorder risk locus: association of neuropeptide Y
Y5 receptor variants. Am J Med Genet B Neuropsychiatr Genet. (2008) 147b:510–
6. doi: 10.1002/ajmg.b.30629

35. Sommer WH, Lidström J, Sun H, Passer D, Eskay R, Parker SC, et al.
Human Npy promoter variation rs16147:T>C as a moderator of prefrontal
Npy gene expression and negative affect. Hum Mutat. (2010) 31:E1594–
608. doi: 10.1002/humu.21299

36. Zhou Z, Zhu G, Hariri AR, Enoch MA, Scott D, Sinha R, et al. Genetic
variation in human Npy expression affects stress response and emotion. Nature.
(2008) 452:997–1001. doi: 10.1038/nature06858

37. Grogans SE, Fox AS, Shackman AJ. The amygdala and depression: a
sober reconsideration. Am J Psychiatry. (2022) 179:454–7. doi: 10.1176/appi.ajp.20
220412

38. Chang HA, Fang WH, Chang TC, Huang SY, Chang CC. Association of
neuropeptide Y promoter polymorphism (rs16147) with perceived stress and
cardiac vagal outflow in humans. Sci Rep. (2016) 6:31683. doi: 10.1038/srep
31683

Frontiers in Psychiatry 09 frontiersin.org

https://doi.org/10.3389/fpsyt.2022.1012850
https://doi.org/10.1016/j.biopsych.2009.11.007
https://doi.org/10.1016/j.alcohol.2011.11.009
https://doi.org/10.3389/fnins.2020.629003
https://doi.org/10.1002/ajmg.b.30629
https://doi.org/10.1002/humu.21299
https://doi.org/10.1038/nature06858
https://doi.org/10.1176/appi.ajp.20220412
https://doi.org/10.1038/srep31683
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

	The neuropeptide Y single-nucleotide polymorphism rs16147:T>C moderates the effect of alcohol dependence on depression in male Chinese Han population
	Introduction
	Materials and methods
	Participants
	Measures
	Alcohol dependence
	Depression

	Genotyping
	Statistical analysis

	Results
	Descriptive statistics
	Correlation of MAST and SDS scores
	Effect of interactions between NPY genotyping and alcohol dependence on depression
	Internal replication analyses

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


