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Abstract
Background Depression is a major contributor to the global burden of diseases, and alcohol intake is often 
considered to be associated with depression. However, the relationship between alcohol drinking frequency and 
depression remains unclear. This study aims to explore the association between alcohol drinking frequency and 
depression.

Methods This study collected NHANES data from 2009 to 2016, involving 17,466 participants. Depression was 
diagnosed based on the Patient Health Questionnaire-9 (PHQ-9), and alcohol drinking frequency was collected 
through questionnaire surveys. Multifactorial logistic regression models, subgroup analysis, smooth curve fitting, 
and threshold effect analysis were used to investigate the relationship between alcohol drinking frequency and 
depression.

Results We divided the alcohol drinking frequency into five groups on average. After adjusting for all covariates, the 
Q3 group had the lowest odds of depression (OR = 0.68; 95% CI: 0.56 ~ 0.82; p < 0.05). Through smooth curve fitting, 
we found an “M-shaped” relationship between alcohol drinking frequency and depression. Further threshold effect 
analysis revealed that the most significant inflection points were 80 and 150.

Conclusion In this cross-sectional study of American adults, we found an “M-shaped” relationship between 
alcohol drinking frequency and depression, which may partially explain the different effects of moderate alcohol 
consumption on depression.
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Introduction
Depression is a major contributor to the global burden 
of diseases [1], with a high incidence rate and frequent 
recurrence. The overall prevalence of depression world-
wide is approximately 4.4% [2]. In the past decade, the 
economic burden of depression in the United States has 
increased by 48%, now requiring an investment of over 
US$325  billion annually [3]. Major depressive disor-
der can not only have a negative impact on education, 
interpersonal relationships, and employment, but it may 
also be associated with obesity, heart disease, cancer, 
dementia, and premature death (including suicide) [4–
6]. Research has shown that alcohol consumption often 
occurs concurrently with common mental disorders 
such as depression and anxiety [7]. Since approximately 
32.5% of the global population has a history of alcohol 
consumption [8], few health issues have generated as 
much controversy as the possible health effects of alco-
hol [9–12]. Theoretically, alcohol should be considered 
a risk factor for health due to its potential for depen-
dency, as well as the high incidence and mortality rates 
associated with it [10]. However, some recent studies 
have also pointed out that compared to those who hardly 
drink, moderate drinkers have a significantly lower risk 
of all-cause mortality [13]. Retrospective analyses have 
also suggested that moderate alcohol consumption has 
certain benefits for cardiovascular diseases [14]. In the 
field of mental health, numerous studies have confirmed 
a high correlation between alcohol consumption and 
depression [15–19]. However, the results also indicate 
that the improvement effect of moderate alcohol con-
sumption on depression is controversial and contradic-
tory. Furthermore, we have observed that the majority of 
current studies on the correlation between alcohol con-
sumption and depression utilize alcohol intake volume 
as the primary variable. There are rarely any reports on 
the impact of alcohol consumption frequency on depres-
sion. Existing reports merely mention a possible associa-
tion between drinking frequency and depression, but the 
specific nature of this relationship has not been described 
in detail [20–24]. Given the high burden of depression 
and the high prevalence of global alcohol consumption, 
a detailed and accurate analysis of these issues is obvi-
ously crucial. To achieve this goal, we have utilized the 
NHANES dataset in this study.

Methods
Study design and participants
The National Health and Nutrition Examination Survey 
(NHANES) is a comprehensive study conducted by the 
National Center for Health Statistics (NCHS), a subdivi-
sion of the Centers for Disease Control and Prevention 
in the United States. NHANES employs a sophisticated, 
stratified, and multistage probabilistic design to gather 

a representative sample of the civilian population in the 
U.S., aiming to assess the health and nutritional status 
of non-institutionalized citizens. The survey collects a 
wealth of data through household interviews, physical 
examinations conducted in a mobile examination cen-
ter (MEC), and laboratory testing overseen by highly 
skilled medical professionals. For further information 
on NHANES, please visit the official website at  h t t  p s : 
/  / w w  w .  c d c . g o v / n c h s / n h a n e s / a b o u t _ n h a n e s . h t m     . The 
NCHS Ethics Review Board has granted approval for 
this research, and all participants have provided written 
informed consent.

We restricted the target population of this cross-sec-
tional study to participants from the NHANES database 
from 2009 to 2016 (total 40,439 individuals). Since the 
questionnaire data on alcohol consumption was limited 
to individuals aged 18 and above, all participants in this 
study were over 18 years old. After excluding individu-
als with missing information on alcohol intake (n = 3608) 
and those with incomplete PHQ-9 questionnaire data 
(n = 19365), a total of 17,466 participants were finally 
included in the analysis. Figure 1 offers a visual depiction 
of the process we followed for selecting our sample.

Assessment of alcohol drinking frequency
During the MEC interview, trained interviewers 
employed a Computer-Assisted Personal Interview 
(CAPI) system to pose questions to determine the alco-
hol drinking frequency of participants. The specific ques-
tion was as follows: “In the past 12 months, how often 
did you drink any type of alcoholic beverage?” PROBE: 
“How many days per year did you drink?” Participants 
were required to fill in any number from 0 to 365 based 
on their actual alcohol drinking frequency. If participants 
refused to disclose this information, they were instructed 
to fill in 777. If they were unaware of their alcohol drink-
ing frequency, they were to fill in 999. The definition of 
" drink” refers to 12 ounces of beer, a 5-ounce serving 
of wine, or 1.5 ounces of liquor.These two categories of 
information, along with missing data, were excluded 
from the analysis. Subsequently, based on the frequency 
of alcohol consumption, participants were evenly divided 
into five groups from low to high to compare the base-
line characteristics of participants with different drinking 
frequencies.

Assessment of depression
Depression symptoms were assessed using the Patient 
Health Questionnaire-9 (PHQ-9), a 9-item screening tool 
where each item is scored on a scale of 0 to 3, with a total 
score ranging from 0 to 27. The PHQ-9 inquiries about 
the frequency of depressive symptoms over the past 2 
weeks, with higher scores indicating greater severity of 
depression. In clinical practice, a PHQ-9 score of 10 or 

https://www.cdc.gov/nchs/nhanes/about_nhanes.htm
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above is considered indicative of depression [25]. There 
is evidence that the PHQ-9 demonstrates good specificity 
and sensitivity in accurately diagnosing major depressive 
disorder [26].

Selection of covariates
The covariates considered in this study encompassed 
various potential factors, including gender (male/female), 
age (years), race (Mexican American/other Hispanic/
non-Hispanic white/non-Hispanic black/other races), 
education level (Less than 9th grade, 9-11th grade, High 
school graduate, Some college or AA degree, and Col-
lege graduate or above), ratio of family income to pov-
erty, body mass index (BMI, kg/m2), waist circumference 
(cm), smoking status (yes/no), presence of coronary 
artery disease (yes/no), asthma (yes/no), gout (yes/no), 
hepatopathy (yes/no), diabetes (yes/no), congestive heart 
failure (yes/no), history of apoplexy (yes/no), and pres-
ence of cancer (yes/no). Participants were categorized 
into three groups based on BMI: <25  kg/m2 indicating 
normal weight, 25–29.9  kg/m2 indicating overweight, 
and ≥ 30 kg/m2 indicating obesity.

Statistical analysis
Data was downloaded from the NHANES website. All 
statistical analyses were performed using EmpowerStats 
software (version 4.1.0, http://www.empowerstats.com) 
and R software (version 4.2.0, http://www.r-project.org). 
A significance level of p < 0.05 was considered statisti-
cally significant. To account for the complex design of the 
National Health Interview Survey, strata, primary sam-
pling units, and sample adult weights were incorporated 
into the analyses. Categorical variables were analyzed 
using the weighted Chi-square test, while continuous 

variables were evaluated through weighted linear regres-
sion. The results for categorical variables are presented 
as weighted proportions with 95% confidence intervals 
(CI), and for continuous variables, they are expressed 
as weighted means ± Standard Error (SE). In exploring 
the relationship between alcohol drinking frequency 
and depression, we utilized multivariate logistic regres-
sion analysis to construct tests that yielded beta values 
and 95% confidence intervals. These tests encompassed 
three distinct models: an unadjusted model 1, a model 
2 adjusted for gender, age, and race, and a fully adjusted 
model 3, taking into account all relevant covariates. 
Additionally, we conducted subgroup analyses to investi-
gate the alcohol drinking frequency-depression relation-
ship across various stratification factors. Parallel to this, 
we performed smooth curve fitting, adjusting the vari-
ables accordingly, to visualize the relationship. Finally, 
we employed a threshold effect analysis model to delve 
deeper into the nature of this relationship and identify 
potential inflection points between alcohol drinking fre-
quency and depression.

Results
Baseline characteristics of participants
This study involved 17,466 participants with an average 
age of (48.14 ± 17.96) years, including 53.08% males and 
46.92% females. Among them, 1640 cases (9.39%) were 
assessed as depressed (PHQ-9 ≥ 10). Compared with the 
non-depressed group, the depressed group had a higher 
proportion of females, a higher proportion of Other His-
panic ethnicity, a higher proportion of individuals with 
education levels of Less than 9th grade and 9-11th grade, 
a higher proportion of marital statuses such as wid-
owed, divorced, separated, and never married, a higher 
proportion of individuals with higher poverty levels, a 
higher proportion of individuals with higher body mass 
index and waist circumference, and a higher proportion 
of comorbidities such as asthma, congestive heart fail-
ure, coronary heart disease, apoplexy, hepatopathy, and 
diabetes. Additionally, a higher proportion of smoking 
and non-drinking was observed in the depressed group. 
However, a grouped analysis of alcohol consumption 
frequency revealed that different frequencies of alcohol 
consumption had varying outcomes. Statistical analysis 
showed no significant differences in age and tumor status 
between the two groups (p > 0.05) (Table 1).

Relationship between alcohol drinking frequency and 
depression
Our study results indicate that individuals who consume 
alcohol have a lower likelihood of developing depres-
sion compared to non-drinkers. This association was 
significant in both our crude model (OR = 0.64; 95% 
CI: 0.57 ~ 0.72; p < 0.05) and minimally adjusted model 

Fig. 1 Flow chart of participants selection. NHANES, National Health and 
Nutrition Examination Survey; PHQ, Patient Health Questionnaire
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Variable PHQ-9 < 10
(n = 15826)

PHQ-9 ≥ 10
(n = 1640)

P-value

Age (years) 48.12 ± 18.10 48.29 ± 16.53 0.72
Gender (%) < 0.001
Male 8625 (54.50%) 646 (39.39%)
Female 7201 (45.50%) 994 (60.61%)
Race (%) < 0.001
Mexican American 2300 (14.53%) 221 (13.48%)
Other Hispanic 1552 (9.81%) 214 (13.05%)
Non-Hispanic White 6903 (43.62%) 716 (43.66%)
Non-Hispanic Black 3338 (21.09%) 360 (21.95%)
Other Race 1733 (10.95%) 129 (7.87%)
Education level (%) < 0.001
Less than 9th grade 1168 (7.60%) 194 (12.12%)
9-11th grade 1995 (12.97%) 339 (21.17%)
High school graduate 3432 (22.32%) 372 (23.24%)
Some college 4734 (30.79%) 511 (31.92%)
College graduate or above 4038 (26.26%) 185 (11.56%)
Marital status (%) < 0.001
Married 7998 (52.01%) 543 (33.92%)
Widowed 1015 (6.60%) 150 (9.37%)
Divorced 1665 (10.83%) 292 (18.24%)
Separated 464 (3.02%) 113 (7.06%)
Never married 2912 (18.94%) 342 (21.36%)
Living with partner 1315 (8.55%) 160 (9.99%)
Ratio of family income to poverty 2.61 ± 1.65 1.68 ± 1.36 < 0.001
Body Mass Index(kg/m2) 28.95 ± 6.77 30.98 ± 8.58 < 0.001
Waist Circumference(cm) 98.96 ± 16.31 102.89 ± 18.64 < 0.001
Asthma < 0.001
No 13,545 (85.59%) 1226 (74.76%)
Yes 2281 (14.41%) 414 (25.24%)
Gout < 0.001
No 15,132 (95.61%) 1535 (93.60%)
Yes 694 (4.39%) 105 (6.40%)
Congestive heart failure < 0.001
No 15,402 (97.32%) 1531 (93.35%)
Yes 424 (2.68%) 109 (6.65%)
Coronary heart disease < 0.001
No 15,238 (96.28%) 1534 (93.54%)
Yes 588 (3.72%) 106 (6.46%)
Apoplexy < 0.001
No 15,353 (97.01%) 1521 (92.74%)
Yes 473 (2.99%) 119 (7.26%)
Hepatopathy < 0.001
No 15,329 (96.86%) 1504 (91.71%)
Yes 497 (3.14%) 136 (8.29%)
Cancer 0.325
No 14,305 (90.39%) 1470 (89.63%)
Yes 1521 (9.61%) 170 (10.37%)
Diabetes < 0.001
No 14,011 (88.53%) 1313 (80.06%)
Yes 1815 (11.47%) 327 (19.94%)
Smoking < 0.001
No 12,535 (79.21%) 972 (59.27%)

Table 1 Baseline characteristics of participants with and without depression
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(OR = 0.64; 95% CI: 0.57 ~ 0.72; p < 0.05), showing a 36% 
lower odds of depression among alcohol consumers com-
pared to non-drinkers. After adjusting for all covariates, 
the association remained (OR = 0.83; 95% CI: 0.72–0.96; 
p < 0.05), but the reduction in odds was reduced to 17%. 
To further analyze the relationship between alcohol 
drinking frequency and depression, we divided the par-
ticipants into five equal groups. After adjusting for all 
covariates, the Q3 group had the lowest odds of depres-
sion (OR = 0.68; 95% CI: 0.56 ~ 0.82; p < 0.05), while 
the Q5 group showed an increased risk of depression 
(OR = 1.12; 95% CI: 0.94 ~ 1.33; p > 0.05), though this 
association did not reach statistical significance (Table 2). 
To evaluate the reliability of the association between 
alcohol consumption and depression, we conducted 
subgroup analyses based on gender, age, race, education 
level, family income-to-poverty ratio, body mass index, 
waist circumference, smoking status, presence of coro-
nary artery disease, asthma, gout, hepatopathy, diabetes, 
congestive heart failure, history of apoplexy, and cancer 
status. Except for the subgroups of individuals under 

20 years old, those with a marital status of “Separated” 
and those diagnosed with congestive heart failure and 
apoplexy, all other subgroups exhibited a negative cor-
relation between alcohol consumption and depression. 
Significant interactions were observed in most subgroups 
(P < 0.05) (Table  3). The categorization of alcohol drink-
ing frequency revealed a complex nonlinear relationship 
between drinking frequency and depression. Therefore, 
we employed smooth curve fitting to characterize the 
potential association between drinking frequency and 
depression. The results indicated an “M-shaped” relation-
ship between drinking frequency and depression(Fig. 2). 
Further threshold effect analysis identified the most sig-
nificant inflection points at 80 and 150. Specifically, when 
the drinking frequency ranged from 0 to 80, each addi-
tional drink increased the PHQ-9 score by 0.04 (β = 0.04; 
95% CI: 0.03 ~ 0.05; P < 0.05). However, when the drink-
ing frequency ranged from 80 to 150, each additional 
drink decreased the PHQ-9 score by 0.07 (β = -0.07; 
95% CI: -0.12~-0.03; P < 0.05). When the drinking fre-
quency exceeded 150, the association between drinking 

Table 2 The association between alcohol drinking frequency and depression
Exposure Model 1

OR (95% CI)
P value

Model 2
OR (95% CI)
P value

Model 3
OR (95% CI)
P value

Drinking 0.64 (0.57 ~ 0.72) < 0.0001 0.64 (0.57 ~ 0.72) < 0.0001 0.83 (0.72 ~ 0.96) 0.0094
Drinking frequency
 Quartile1 1 1 1
 Quartile2 0.58 (0.50 ~ 0.68) < 0.0001 0.56 (0.48 ~ 0.65) < 0.0001 0.72 (0.60 ~ 0.86) 0.0004
 Quartile3 0.52 (0.44 ~ 0.61) < 0.0001 0.50 (0.42 ~ 0.60) < 0.0001 0.68 (0.56 ~ 0.82) < 0.0001
 Quartile4 0.65 (0.55 ~ 0.76) < 0.0001 0.64 (0.54 ~ 0.75) < 0.0001 0.82 (0.67 ~ 0.99) 0.0351
 Quartile5 0.84 (0.73 ~ 0.97) 0.0193 0.85 (0.73 ~ 0.99) 0.0340 1.12 (0.94 ~ 1.33) 0.2006
Model 1, no covariates were adjusted. Model 2, age, gender, and race were adjusted. Model 3, gender, age, race, education level, ratio of family income to poverty, 
body mass index, waist circumference, smoking status, presence of coronary artery disease, asthma, gout, hepatopathy, diabetes, congestive heart failure, history 
of apoplexy, and presence of cancer were adjusted

Multivariate logistic regression analysis was used to calculate beta values and 95% confidence intervals

95% CI, 95% confidence interval; OR, odds ratio;

p < 0.05 was considered statistically significant

Variable PHQ-9 < 10
(n = 15826)

PHQ-9 ≥ 10
(n = 1640)

P-value

Yes 3291 (20.79%) 668 (40.73%)
Drinking < 0.001
No 3087 (19.51%) 448 (27.32%)
Yes 12,739 (80.49%) 1192 (72.68%)
Drinking frequency < 0.001
Quartile1 3087 (19.51%) 448 (27.32%)
Quartile2 3633 (22.96%) 308 (18.78%)
Quartile3 3146 (19.88%) 238 (14.51%)
Quartile4 2892 (18.27%) 272 (16.59%)
Quartile5 3068 (19.39%) 374 (22.80%)
Mean ± SD for continuous variables: the p-value was calculated by weighted linear regression model. % for categorical variables: the p-value was calculated by a 
weighted chi-square test

p < 0.05 was considered statistically significant

Table 1 (continued) 
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Subgroup N OR(95%CI) P for interaction
Age (years)
 <20 488 1.61 (0.37 ~ 6.96) 0.5221
 >=20, < 40 5804 0.78 (0.59 ~ 1.05) 0.0982
 >=40, < 60 5735 0.59 (0.49 ~ 0.71) < 0.0001
 >=60 5439 0.58 (0.48 ~ 0.70) < 0.0001
Gender (%)
Male 9271 0.62 (0.52 ~ 0.75) < 0.0001
Female 8195 0.67 (0.58 ~ 0.78) < 0.0001
Race (%)
Mexican American 2521 0.73 (0.54 ~ 1.00) 0.0536
Other Hispanic 1766 0.98 (0.69 ~ 1.39) 0.9035
Non-Hispanic White 7619 0.48 (0.41 ~ 0.57) < 0.0001
Non-Hispanic Black 3698 0.87 (0.67 ~ 1.12) 0.2754
Other Race 1862 0.72 (0.46 ~ 1.11) 0.139
Education level (%)
Less than 9th grade 1362 0.93 (0.68 ~ 1.28) 0.6527
9-11th grade 2334 0.80 (0.63 ~ 1.03) 0.0848
High school graduate 3804 0.76 (0.60 ~ 0.97) 0.0257
Some college 5245 0.71 (0.57 ~ 0.88) 0.0019
College graduate or above 4223 0.44 (0.31 ~ 0.63) < 0.0001
Marital status (%)
Married 8541 0.54 (0.45 ~ 0.66) <0.0001
Widowed 1165 0.83 (0.59 ~ 1.18) 0.306
Divorced 1957 0.66 (0.50 ~ 0.87) 0.0033
Separated 577 1.29 (0.78 ~ 2.13) 0.323
Never married 3254 0.58 (0.43 ~ 0.78) 0.0004
Living with partner 1475 0.70 (0.47 ~ 1.05) 0.0846
Ratio of family income to poverty
 0–1.33 5349 0.78 (0.67 ~ 0.92) 0.0032
 1.34–3.35 5370 0.66 (0.53 ~ 0.81) 0.0001
 3.36–5 5374 0.86 (0.59 ~ 1.27) 0.4514
Body Mass Index (kg/m2)
 <25 5099 0.62 (0.48 ~ 0.78) < 0.0001
 >=25, < 30 5662 0.77 (0.61 ~ 0.98) 0.0326
 >=30 6546 0.64 (0.54 ~ 0.75) < 0.0001
Waist Circumference (cm)
 55.5–91.1 5639 0.71 (0.55 ~ 0.92) 0.0097
 91.2–104.9 5633 0.70 (0.56 ~ 0.87) 0.0015
 105–177.9 5673 0.67 (0.57 ~ 0.80) <0.0001
Smoking
No 13,507 0.58 (0.50 ~ 0.67) < 0.0001
Yes 3959 0.67 (0.55 ~ 0.83) 0.0001
Asthma
No 14,771 0.70 (0.62 ~ 0.81) < 0.0001
Yes 2695 0.48 (0.38 ~ 0.61) < 0.0001
Gout
No 16,667 0.65 (0.57 ~ 0.73) <0.0001
Yes 799 0.72 (0.47 ~ 1.11) 0.1377
Congestive heart failure
No 16,933 0.65 (0.57 ~ 0.73) < 0.0001
Yes 533 1.15 (0.75 ~ 1.77) 0.5085
Coronary heart disease
No 16,772 0.66 (0.58 ~ 0.74) < 0.0001

Table 3 Subgroup analysis of the relationship between alcohol drinking frequency and depression
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Fig. 2 The nonlinear associations between alcohol drinking frequency and PHQ-9. The solid red line represents the smooth curve fit between variables. 
Blue bands represent the 95% of confidence interval from the fit. PHQ, Patient Health Questionnaire

 

Subgroup N OR(95%CI) P for interaction
Yes 694 0.71 (0.47 ~ 1.08) 0.1131
Apoplexy
No 16,874 0.66 (0.58 ~ 0.74) < 0.0001
Yes 592 1.06 (0.70 ~ 1.58) 0.7931
Hepatopathy
No 16,833 0.65 (0.57 ~ 0.73) < 0.0001
Yes 633 0.94 (0.63 ~ 1.40) 0.7529
Cancer
No 15,775 0.63 (0.56 ~ 0.72) < 0.0001
Yes 1691 0.74 (0.53 ~ 1.04) 0.086
Diabetes
No 15,324 0.71 (0.62 ~ 0.81) < 0.0001
Yes 2142 0.68 (0.54 ~ 0.87) 0.0018
N, number; 95% CI, 95% confidence interval; OR, odds ratio;

p < 0.05 was considered statistically significant

Table 3 (continued) 
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frequency and depression was not statistically significant 
(P > 0.05) (Table 4).

Discussion
The research sample used in our study adequately rep-
resents the demographic characteristics of the nation-
wide US population. Our findings observed a decrease 
in the prevalence of depression associated with alcohol 
consumption. However, upon further stratification of 
alcohol consumption frequency, we discovered that dif-
ferent frequencies of alcohol consumption had varying 
impacts on depression. Through smooth curve fitting, 
our study is the first to reveal an “M-shaped” relationship 
between alcohol consumption frequency and depres-
sion, with the most significant inflection points occurring 
at 80 and 150. Interestingly, through this large cross-
sectional observational study, we found that the preva-
lence of depression was lower in drinkers compared to 
non-drinkers, contrary to previous conclusions in other 
health domains [8]. Given the potential unreasonable-
ness of grouping individuals solely based on whether they 
consume alcohol, which may lead to skewed averages in 
certain groups and distort the original data trends, we 
further examined alcohol consumption frequency and 
arrived at different conclusions. However, it cannot be 
denied that the notion that abstaining from alcohol does 
not reduce the incidence of depression compared to low-
to-moderate alcohol consumption has gained increasing 
recognition [24, 27]. Nonetheless, the role of moderate 
alcohol consumption in depression has also been ques-
tioned by some studies [19, 28, 29]. The emergence of 
these scenarios suggests that there are still some hidden 
factors between the association of alcohol consumption 
and depression that have yet to be discovered. Through 
literature review, we found that the main reasons for pro-
posing that moderate alcohol consumption can reduce 

depression are: firstly, the antioxidant properties of cer-
tain components of alcohol (such as polyphenols) [15] ; 
secondly, studies have found that moderate drinkers have 
lower levels of C-reactive protein (CRP) [30], while levels 
of inflammatory cytokines, including interleukin-6 (IL-
6), tumor necrosis factor-alpha (TNFα), and CRP, have 
been found to be higher in patients with depression com-
pared to control groups in relevant studies [31–33] ; and 
lastly, the positive impact of moderate alcohol consump-
tion on cardiovascular health may in turn reduce the risk 
of depression [18]. After reviewing previous research 
methods, we have observed that the criteria for moderate 
alcohol consumption primarily limit alcohol intake while 
neglecting the frequency of drinking. Several studies have 
shown that the frequency of alcohol consumption is posi-
tively correlated with the frequency of contact between 
drinkers and their close friends and family, indicating a 
certain social attribute [34]. The increase in social activi-
ties associated with moderate alcohol consumption 
may serve as a mediating factor in reducing depression 
[35]. Research has demonstrated that individuals with 
good social integration tend to have fewer emotional 
complaints compared to those who are isolated [36]. A 
possible explanation for our findings is that moderate 
alcohol consumption provides opportunities for social 
interaction. For instance, when the frequency of alcohol 
consumption exceeds 80 times but is less than 150 times, 
the social attribute within this range is stronger, leading 
to a more sustained beneficial impact on mood. How-
ever, when this social attribute exceeds a certain thresh-
old (approaching once every two days or more) or falls 
below a certain level (less than once every four days or 
less), even with its social attribute, it may diminish the 
beneficial effects on mood. Therefore, the frequency of 
alcohol consumption could be the hidden factor between 
alcohol consumption and depression that we previously 
analyzed, resulting in the different outcomes observed in 
similar studies mentioned earlier.

Our study has several noteworthy limitations. Firstly, 
given that our study employs an observational cross-
sectional design, it is not possible to establish causal rela-
tionships among the variables. Ideally, the investigation 
would involve collecting data on alcohol consumption 
frequency over the past year along with the correspond-
ing number of hospital visits/psychiatric consultations 
resulting from it. This would require additional research 
to better elucidate these causal relationships. Secondly, 
given the social attribute of alcohol consumption fre-
quency, we are unable to determine whether a particular 
instance of alcohol consumption in the NHANES data-
base was consumed alone or in a group setting. Thirdly, 
due to the limitations of the data included in the data-
base, assessing alcohol consumption frequency solely 
based on the number of days alcohol is consumed is 

Table 4 Threshold effect analysis between alcohol drinking 
frequency and PHQ-9
Model PHQ-9

β (95% CI)
P value

Inflection point (K1, K2) 80,150
Effect 1 in the interval before K1 0.04 (0.03 ~ 0.05) < 0.0001
Effect 2 in the interval between K1 and 
K2

-0.07 (-0.12~ -0.03) 0.0014

Effect 3 in the interval after K2 -0.01 (-0.03 ~ 0.01) 0.2639
Difference in effects between 1 and 2 0.11 (0.06 ~ 0.16) < 0.0001
Difference in effects between 3 and 2 0.06 (0.01 ~ 0.11) 0.0104
Log-likelihood Ratio Test < 0.001
Model, gender, age, race, education level, ratio of family income to poverty, 
body mass index, waist circumference, smoking status, presence of coronary 
artery disease, asthma, gout, hepatopathy, diabetes, congestive heart failure, 
history of apoplexy, and presence of cancer were adjusted

β was the effect size of the change in PHQ-9;PHQ, Patient Health Questionnaire; 
95% CI, 95% confidence interval;

p < 0.05 was considered statistically significant
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inadequate. To adequately quantify alcohol consumption 
frequency, it is necessary to combine the frequency of 
drinking with temporal variables, such as 1–2 times per 
day or 1–2 times per week. Lastly, there may be biases in 
self-reported alcohol consumption status, and the actual 
alcohol consumption pattern may differ from the data 
entered in the database.

Conclusion
Our study established a correlation between the fre-
quency of alcohol consumption and depression, indi-
cating that when investigating the impact of alcohol on 
depression, the frequency of consumption, apart from 
the amount of alcohol intake, is also a crucial factor 
affecting the results. Furthermore, this impact exhibits a 
complex “M-shaped” relationship. To validate our find-
ings, it is necessary to conduct additional studies to dem-
onstrate the accuracy of our results.
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