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Abstract 

Background: Although association of depressive symptoms with cigarette or alcohol is well documented, the 
dose–response relationship between them is rarely studied. This study aims to evaluate dose–response relationships 
of cigarette and alcohol consumption with depressive symptoms in Chinese middle-aged and elderly men, providing 
evidence to guide cigarette and alcohol control.

Methods: This multiple-center, cross-sectional study including 5965 Chinese men aged 40–79 years was conducted 
in 2013–2016 in China. Depressive symptoms were evaluated by Beck Depression Inventory-Short Form. History of 
cigarette smoking and alcohol drinking were collected with a structured questionnaire. Prevalence of depressive 
symptoms was compared depending on cigarette and alcohol consumption. Adjusted odds ratios (OR) and 95% 
confidence interval (CI) were estimated by binary logistic regression. Interpolation analysis was applied to test dose–
effect relationships.

Results: A parabolic-shaped relationship was observed between cigarette consumption and depressive symptoms. 
Compared to never smokers, 59.0% (OR = 1.59, 95% CI 1.30–1.94) and 29.0% (OR = 1.29, 95% CI 1.08–1.54) higher 
odds of depressive symptoms were observed in men smoking < 10 cigarettes/day and 10–20 cigarettes/day, whereas, 
similar odds of depressive symptoms among men smoking > 20 cigarettes/day (P = 0.092). An inverted J-shaped 
relationship was observed between alcohol consumption and depressive symptoms. Compared to never drinkers, 
a tendency of higher prevalence of depressive symptoms (OR = 1.16, 95% CI 0.99–1.36) was observed in men drink-
ing < 140 g/week, and similar prevalence was observed in those drinking 140–280 g/week (P = 0.920), whereas, 29.4% 
(OR = 0.71, 95% CI 0.57–0.88) lower odds in men drinking > 280 g/week.
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Background
Depression is a common mental illness in middle-aged 
and elderly men [1, 2], which reduces their life quality 
and expectancy, as well as increases risk of mortality and 
suicide [1–3]. Cigarette smoking and alcohol drinking 
are common lifestyles in middle-aged and elderly men 
[4–8]. A positive association between cigarette smoking 
and depressive symptoms has been consistently docu-
mented among both men and women ranging from the 
adolescents to older people [4–6]. Whereas, association 
of alcohol drinking with depressive symptoms differs 
with drinking patterns [7–10]. Regarding mild to mod-
erate drinking, some studies have suggested a protective 
effect on depressive symptoms [7–9], whereas, others 
report no association [10]. As for heavy drinking or alco-
hol use disorder, a positive association with depressive 
symptoms has been well established in both retrospective 
and prospective studies [11–13]. However, although the 
association between depressive symptoms and cigarette 
smoking or alcohol drinking is well documented, the 
dose–response relationship between them has not been 
fully understood.

The association between depressive symptoms and 
cigarette smoking or alcohol drinking has been implied 
to differ with certain demographic, social-economic and 
cultural characteristics of the study population e.g., eth-
nicity [5, 14–16], age [15, 16], gender [17–20], educa-
tion, region. Therefore, it’s reasonable to assume that 
these characteristics of the study population may also 
affect the dose–response relationships. China has differ-
ent cigarette smoking and alcohol drinking patterns from 
Western high-income countries due to genetic and cul-
tural factors [21–24]. Distinct from high prevalence of 
heavy drinking or alcohol use disorder in Western high-
income countries, Chinese drinking pattern is charac-
terized by moderate alcohol intake and a preference for 
drinking with meal or at social occasions [21–23, 25, 26]. 
And majority of previous studies were carried out among 
adolescents or young adults and often conducted a mixed 
analysis including both men and women [5, 6, 27–30]. 
The presentation and trajectory of drinking, smoking, 
and depressive symptoms are different in older adults 
compared to adolescents and men compared to women 
[15, 16, 18–20]. In order to produce the most pertinent 
evidence to guide prevention and intervention efforts, it 

is important to generate ethnicity-, age- and sex-specific 
estimates of the associations and dose–response rela-
tionships of cigarette smoking and alcohol drinking with 
depressive symptoms.

Together, due to limitations of the previous stud-
ies, i.e., insufficient understanding regarding the dose–
response relationships [4–8], and limited evidences in 
Chinese middle-aged and elderly men [11, 31], a large-
scale multi-center study among Chinese middle-aged and 
elderly men evaluating the dose–response relationships 
of cigarette smoking or alcohol drinking with depressive 
symptoms is needed. In this multi-center, cross-sectional 
study, we compared the prevalence of depressive symp-
toms among 5965 Chinese middle-aged and elderly 
men with different cigarette smoking or alcohol drink-
ing status. And we further evaluated the dose–response 
relationships of cigarette and alcohol consumption with 
depressive symptoms. Besides, cigarette smoking and 
alcohol drinking are often concomitant among middle-
aged and elderly men, we therefore explored whether 
interaction exists between cigarette smoking and alcohol 
drinking regarding associations with depressive symp-
toms. It was hypothesized that associations of cigarette 
smoking and alcohol drinking with depressive symp-
toms would differ with consumption in middle-aged and 
elderly men.

Methods
Study participants
The Chinese Male Aging Study, a nationwide, cross-sec-
tional study, was conducted during a period from June 
1, 2013 to August 31, 2016 in six provinces in China 
(Jiangsu, Guizhou, Shanxi, Hebei, Guangdong, and 
Hubei) that were selected based on logistic support and 
to ensure a mixture of geography, socioeconomic status, 
and lifestyle representative of the entire country. Strati-
fied-random-cluster sampling was performed, the details 
of which are available elsewhere [32]. Briefly, the popula-
tion in each province was firstly stratified into five layers 
according to the administrative level, and one commu-
nity (urban or rural) was sampled for each layer. Second, 
random-cluster sampling was used to select one commu-
nity in each layer of the province. Finally, five communi-
ties (urban or rural) were sampled for each province. All 
men aged 40–79 years in the selected communities were 
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invited to participate. The Montreal Cognitive Assess-
ment was applied for screening of cognitive disorder. 
Subjects with a total score ≥ 26 were considered suffering 
from cognitive disorder and excluded from this study.

Evaluation of depressive symptoms
Depressive symptoms were evaluated by Beck Depres-
sion Inventory-Short Form [33, 34]. The questionnaire 
consists of 13 self-report items that express specific 
symptoms of depression. Each item contains 4 statements 
scoring from 0–3. BDI-SF has shown good validity and 
reliability in Chinese population [33, 34]. A total score 
0–4, 5–7 8–15 and ≥ 16 were classified as no, mild, mod-
erate, and severe depressive symptoms, respectively [33]. 
Participants self-administrated BDI-SF under the assis-
tance of a trained staff during a face-to-face interview.

Assessment of cigarette smoking and alcohol drinking
Information on demographic characteristics (age, eth-
nicity, education, residence, occupation, marital status), 
disease history, cigarette smoking (smoking status, smok-
ing years and daily cigarette consumption), and alcohol 
drinking (drinking status, drinking years and weekly alco-
hol consumption) were collected with a structured ques-
tionnaire that was completed by the participants [35].

According to smoking status, participants was cat-
egorized as never smoker; as current smoker, i.e., men 
who had smoked cigarettes for ≥ 6 months and were still 
smoking at the time of interview; or as past smoker, i.e., 
men who had stopped smoking at least 6 months before 
the interview [36]. Based on daily cigarette consumption, 
current smokers were further categorized as mild (< 10), 
moderate (11–20), or heavy smokers (> 20) [36].

To estimate alcohol consumption, consumption of 
alcoholic beverages (various types of wine, beer and spir-
its) was collected. A visual aid was provided via show-
ing different glass sizes, to help quantify serving sizes. 
Wine cups or bottles common in daily life or market were 
provided: 330, 500, 600  ml cups for beer; 15, 25, 100, 
125  ml cups for spirits; and 350, 450, 560, 650  ml gob-
lets with scale mark for grape wine. Alcohol content, in 
grams, was then estimated using standard composition 
tables. According to drinking status, participants was 
categorized as non-drinkers, i.e., men who had never 
drunk alcohol or drank less than once per month in the 
past 12 months; as current drinkers, i.e., men who drank 
more than once per month in the past 12  months; or 
as past drinkers, i.e., who had stopped smoking at least 
12 months before the interview [9, 26]. Based on drinking 
frequency, current drinkers were further categorized as 
occasional (≤ 2 times/week) and frequent drinkers (≥ 3 
times/week). And according to weekly alcohol consump-
tion, current drinkers were categorized as light (< 140 g/

week), moderate (140–280  g/week), or heavy drinkers 
(> 280 g/week) [37].

Statistical analysis
All statistical analyses were performed using SPSS 25.0 
(IBM, Chicago, IL, USA). Normally distributed continu-
ous variables were expressed as mean ± standard error 
(SE). Categorical variables were expressed as number and 
percentage (%) and inter-group differences were assessed 
for significance using the chi-squared test. Adjusted 
odds ratios (OR) of depressive symptoms and the cor-
responding 95% confidence interval (CI) according to 
cigarette or alcohol consumption were estimated by 
binary logistic regression with forward method, adjust-
ing for confounding factors. Interpolation analysis, using 
2nd order Lagrange polynomials, was applied to test for 
the non-linear dose–effect relationships between the 
adjusted ORs and the cigarette or alcohol consumption. 
And ordinal logistic regression was used to evaluate the 
association of cigarette smoking or alcohol drinking with 
severity of depressive symptoms adjusting for confound-
ing factors. Analysis of variance for factorial design was 
applied to examine whether interaction existed between 
cigarette smoking and alcohol drinking regarding associ-
ation with depressive symptoms. And it was further eval-
uated by binary logistic regression, with the product term 
of cigarette smoking and alcohol drinking added into the 
model. All P values were 2 sided and P < 0.05 was consid-
ered significant.

Results
Participant characteristics
Totally, 6,296 men were recruited from different regions 
of China: the central (Hubei, n = 1151), southern (Guang-
dong, n = 1038), northern (Hebei, n = 1093), northeast-
ern (Shanxi, n = 1127), southwestern (Guizhou, n = 921), 
and the eastern (Jiangsu, n = 966). After excluding 217 
who did not fill out questionnaires and 114 who did not 
provide information on smoking or alcohol exposure, 
5,965 men were finally included in the analysis. Char-
acteristics of the participants are shown in Table 1. The 
average age was 55.93 ± 0.12 years, and men aged 40–49, 
50–59, 60–69, 70–79  years were 1,789 (30.0%), 1,977 
(33.1%), 1,685 (28.2%), 514 (8.6%), respectively. There 
are 1,884 (31.6%) never smokers, 3,389 (56.8%) current 
smokers and 692 (11.6%) past smokers. The distribution 
of alcohol drinking status was as follows: 1,664 (27.9%) 
were non-drinkers, 2,188 (36.7%) were occasional drink-
ers, 1798 (30.1%) were frequent drinkers, and 315 (5.3%) 
were past drinkers.

There were 1297 (21.7%) participants who scored ≥ 5 
in BDI-SF and were considered having depressive symp-
toms. Among 1,297 men with depressive symptoms, 
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567 (43.7%), 595 (45.9%) and 135 (10.4%) suffered from 
mild, moderate, and severe depressive symptoms, respec-
tively. Residing in city (P = 0.001), no spouse (P = 0.004), 
and having comorbidity (P < 0.001) were associated with 
higher prevalence of depressive symptoms in middle-
aged and elderly men as shown in Table 1.

Association of cigarette smoking with depressive 
symptoms
Cigarette smoking status
Compared to never smokers (19.1%), the prevalence of 
depressive symptoms was significantly higher in current 
smokers (23.0%, P = 0.001) and past smokers (22.8%, 

Table 1 Characteristics of the study population

Data are presented as mean ± standard error or as n (%). OR, odds ratio. *P value estimated by chi-squared test
a  Odds ratio estimated by binary logistic regression adjusting for age, residence, spouse and comorbidity

Characteristics Total
n = 5,965

Depressive symptoms P value* Adjusted ORa [95% CI]

Yes
n = 1,297

No
n = 4,668

Age, yr 55.93 ± 0.12 55.87 ± 0.14 56.15 ± 0.26 0.352 —

Age subgroups, yr
 40–49 1789 (30.0) 378 (21.1) 1411 (78.9) 0.693 —

 50–59 1977 (33.1) 423 (21.4) 1554 (78.6)

 60–69 1685 (28.2) 378 (22.4) 137 (77.6)

 70–79 514 (8.6) 118 (23.0) 396 (77.0)

Residence
 Rural 4911(82.3) 1027 (20.9) 3884 (79.1) 0.001 1

 City 1054 (17.7) 270 (25.6) 784 (74.4) 0.78 [0.67, 0.92]

Having spouse
 Yes 5623 (94.4) 1201 (21.4) 4422 (78.6) 0.004 1

 No 335 (5.6) 94 (28.1) 241 (71.9) 0.70 [0.54, 0.90]

Comorbidity
 Yes 1556 (26.1) 392 (25.2) 1164 (74.8)  < 0.001 1

 No 4409 (73.9) 905 (20.5) 3504 (79.5) 1.29 [1.12, 1.48]

Cigarette smoking
 Never 1884 (31.6) 359 (19.1) 1525 (80.9) — 1

 Current 3389 (56.8) 780 (23.0) 2609 (77.0) 0.001 1.32 [1.15, 1.53]

 Past 692 (11.6) 158 (22.8) 534 (77.2) 0.034 1.25 [1.01, 1.55]

Cigarettes/day
  < 10 747 (22.0) 204 (27.3) 543 (72.7) 0.003 0.84 [0.76, 0.94]

 10–20 1300 (38.4) 298 (22.9) 1002 (77.1)

  > 20 1342 (39.6) 278 (20.7) 1064 (79.3)

Alcohol drinking
 Never 1664 (27.9) 350 (21.0) 1314 (79.0) — 1

 Occasional 2188 (36.7) 513 (23.4) 1675 (76.6) 0.075 1.13 [0.97, 1.32]

 Frequent 1798 (30.1) 347 (19.3) 1451 (80.7) 0.204 0.86 [0.73, 1.02]

 Past 315 (5.3) 87 (27.6) 228 (72.4) 0.010 1.31 [0.99, 1.74]

Alcohol intake (g/week)
  < 140 2052 (51.5) 492 (24.0) 1560 (76.0)  < 0.001 0.80 [0.73, 0.88]

 140–280 1052 (26.4) 227 (21.6) 825 (78.4)

  > 280 882 (22.1) 141 (16.0) 741 (84.0)

Cigarette smoking × 
alcohol drinking

0.432 —

Depression severity
 Mild — 567(43.7) — — —

 Moderate — 595(45.9) — — —

 Severe — 135(10.4) — — —
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P = 0.034; Table  1). Whereas, no significant difference 
was observed between current smokers and past smok-
ers (P = 0.917). After adjusting for confounding factors 
including residence, marital status, comorbidity and 
alcohol drinking, the difference remained. Compared 
to never smokers, current smokers and past smokers 
had 1.32-fold (95% CI 1.15–1.53) and 1.25-fold (95% 
CI 1.01–1.55) odds to suffer from depressive symptoms 
(Table  1). After stratified by age, the relationship was 
observed in both the 40–59 and 60–79 age subgroups, 
except that similar prevalence of depressive symp-
toms was observed between never and past smokers 
(OR = 1.06, 95% CI 0.79–1.41) of the 40–59 age sub-
group (Additional file  2). However, severity of depres-
sive symptoms was similar among men with different 
smoking status before (P = 0.427) and after (P = 0.633) 
adjusting for confounding factors (Additional file 1).

Daily cigarette consumption
Among 3,389 current smokers, 747 (22.0%) 
smoked < 10 cigarettes/day, 1,300 (38.4%) smoked 
10–20 cigarettes/day, and 1,342 (39.6%) smoked > 20 
cigarettes/day (Table  1). Compared to never smok-
ers (19.1%), men who smoked < 10 cigarettes/day 
(27.3%) and 10–20 cigarettes/day (22.9%) had 59.0% 
(OR = 1.59, 95% CI 1.30–1.94) and 29.0% (OR = 1.29, 
95% CI 1.08–1.54) higher odds of depressive symp-
toms (Fig.  1A). Prevalence of depressive symptoms 
tended to be higher although not statistically signifi-
cant (OR = 1.16, 95% CI 0.98–1.39, P = 0.092; Fig. 1A) 
among men who smoked > 20 cigarettes/day (20.7%), 

compared to never smokers. The relationship was 
observed in the 60–79 age subgroup (Additional file 2). 
For the 40–59 age subgroup, the association pattern 
remained in general, given that odds of depressive 
symptoms tended to be higher although not statisti-
cally significant in men who smoked < 10 cigarettes/
day (OR = 1.28, 95% CI 0.99–1.65) and 10–20 ciga-
rettes/day (OR = 1.23, 95% CI 0.99–1.54), compared 
to never smokers (Additional file  2). The parabolic-
shaped relationship between cigarette consump-
tion and depressive symptoms was shown in Fig.  1A, 
and may be formulated by the following equation 
 (R2 = 0.697, P = 0.038): OR = 1.053 + 0.556 × (daily 
cigarette consumption)-0.179 × (daily cigarette con-
sumption)2. Among current smokers, risk of depres-
sive symptoms was negatively associated with daily 
cigarette consumption (β = -0.17, P = 0.001), which 
was lower by 15.6% (OR = 0.84, 95% CI 0.76–0.94) with 
daily cigarette consumption increasing by 1 level after 
adjusting for confounding factors (Table 1).

Compared to past smokers (22.8%), men who 
smoked < 10 cigarettes/day tended to have higher 
odd of depressive symptoms, but it was not signifi-
cant (OR = 1.26, 95% CI 0.99–1.61; Fig.  2A). Whereas, 
prevalence of depressive symptoms among men who 
smoked 10–20 cigarettes/day (P = 0.950) and > 20 ciga-
rettes/day (P = 0.321) were similar to that in past smok-
ers (Fig.  2A). The relationship was observed in both 
the 40–59 and 60–69 age subgroups (Additional file 2). 
However, severity of depressive symptoms was simi-
lar among smokers with different levels of cigarette 

Fig. 1 Association between cigarette or alcohol consumption and odds ratio of depressive symptoms. Association between A cigarette 
consumption and B alcohol consumption and odds ratio of depressive symptoms. OR, odds ratio; CI, confidence interval. Odds ratio and 95% 
confidence interval were estimated by binary logistic regression adjusting for residence, spouse and comorbidity. The smoothing fitting curves and 
the corresponding equations were obtained by interpolation analysis with 2nd order Lagrange polynomials. The dots indicate the adjusted odds 
ratio of depressive symptoms estimated via binary logistic regression adjusting for residence, spouse and comorbidity. Bars indicate the upper and 
lower limit of 95% confidence interval of odds ratio
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consumption without (P = 0.373) and with (P = 0.845) 
adjusting for confounding factors (Additional file 1).

Association of alcohol drinking with depressive symptoms
Alcohol drinking status
The prevalence of depressive symptoms was similar 
among never (21.0%), occasional (23.4%, P = 0.075) 
and frequent drinkers (19.3%, P = 0.204; Table  1). The 
prevalence of depressive symptoms was higher in past 
drinkers (27.6%, P = 0.010), however, it was not signifi-
cant (OR = 1.31, 95% CI 0.99–1.74, Table 1) after adjust-
ing for confounding factors. The relationship remained 
generally in both the 40–59 and 60–79 age subgroups, 
except that lower odds of depressive symptoms was 
observed in frequent drinkers (OR = 0.72, 95% CI 0.55–
0.95) than never drinkers of the 60–79 age subgroup 
(Additional file  3). Severity of depressive symptoms 
was not associated with alcohol drinking status before 
(P = 0.143) and after (P = 0.246) adjusting for confound-
ing factors (Additional file 1).

Weekly alcohol consumption
Among 3,986 current drinkers, 2052 (51.5%) 
drank < 140 g/week, 1052 (26.4%) drank 140–280 g/week, 
and 882 (22.1%) drank > 280 g/week (Table 1). Compared 
to never drinkers (21.0%), those who drank < 140 g/week 
(24.0%) had higher prevalence of depressive symptoms; 
however, it became not significant (OR = 1.16, 95% CI 
0.99–1.36; Fig.  1B) after adjusting for confounding fac-
tors. Prevalence of depressive symptoms was similar 
between never drinkers and those who drank 140–280 g/
week (21.6%, P = 0.920; Fig.  1B). Whereas, men who 
drank > 280  g/week (16.0%) presented 29.4% (OR = 0.71, 
95% CI 0.57–0.88; Fig.  1B) lower odds of depres-
sive symptoms than never drinkers. The relationship 

remained generally in both the 40–59 and 60–79 age 
subgroups (Additional file 3). The inverted J-shaped rela-
tionship between alcohol consumption and prevalence 
of depressive symptoms was shown in Fig. 1B, and may 
be formulated by the following equation  (R2 = 0.990, 
P = 0.033): OR = 1.007 + 0.243 × (weekly alcohol con-
sumption)-0.115 × (weekly alcohol consumption)2. 
Among current drinkers, odds of depressive symptoms 
were negatively associated with weekly alcohol consump-
tion (β = -0.22, P < 0.001), which was lower by 19.9% 
(OR = 0.80, 95% CI 0.73–0.88) with weekly alcohol con-
sumption increasing by 1 level after adjusting for con-
founding factors.

Compared to past drinkers (27.6%), similar prevalence 
of depressive symptoms was observed among men who 
drank < 140  g/week (24.0%) or 140–280  g/week (21.6%; 
Fig.  2B). Whereas, odds of depressive symptoms were 
lower by 45.5% (OR = 0.55, 95% CI 0.40–0.74) among 
men who drank > 280  g/week (16.0%) than past drink-
ers (Fig. 2B). And the relationship was observed in both 
the 40–59 and 60–79 age subgroups (Additional file 3). 
Severity of depressive symptoms was not associated 
with weekly alcohol consumption without (P = 0.735) 
and with (P = 0.962) adjusting for confounding factors 
(Additional file 1).

No interaction was observed between cigarette smoking 
and alcohol drinking regarding depressive symptoms
Participants were categorized into 12 groups according 
to cigarette smoking status (3 levels) and alcohol drink-
ing status (4 levels). Analysis of variance for the facto-
rial design was applied to compare the scores of BDI-SF 
among the fully-crossed groups. The interactive effect 
of cigarette smoking and alcohol drinking was not sig-
nificant (P = 0.962). It was further explored by adding the 

Fig. 2 Adjusted odds ratio of depressive symptoms in current smokers or drinkers with various cigarette or alcohol consumption. Adjusted odds 
ratio of depressive symptoms A in current smokers with various cigarette consumption compared to past smokers, and B in current drinkers with 
various alcohol consumption compared to past drinkers. OR, odds ratio; CI, confidence interval. Adjusted odds ratio and 95% confidence interval 
were estimated by binary logistic regression adjusting for residence, spouse and comorbidity
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product term of cigarette smoking and alcohol drinking 
into the binary logistic regression model with the exist-
ence of depressive symptoms as the dependent variable, 
and the product term was not significant (P = 0.432, 
Table 1). It showed that despite associations of depressive 
symptoms with cigarette smoking and alcohol drinking, 
they were not interacted.

Discussion
This is the first large-scale cross-sectional study evalu-
ating the dose–response associations of cigarette and 
alcohol consumption with depressive symptoms among 
middle-aged and elderly men. A parabolic-shaped rela-
tionship was observed between cigarette consumption 
and depressive symptoms. Compared to non-smokers, 
higher odds of depressive symptoms were observed in 
light and mild smokers, whereas similar odds in heavy 
smokers. An inverted J-shaped relationship was observed 
between alcohol consumption and depressive symptoms. 
Compared to non-drinkers, higher risk of depressive 
symptoms was observed in light drinkers, and similar 
odds in mild drinkers, whereas significantly lower odds 
in heavy drinkers. Among current smokers, prevalence 
of depressive symptoms was negatively associated with 
cigarette consumption, and a negative pattern was also 
observed in current drinkers. These findings suggest that 
association between depressive symptoms and cigarette 
or alcohol differed with consumption. Relief of depres-
sive symptoms may be one of the important motivations 
for smokers or drinkers to increase cigarette or alcohol 
consumption. Health-care providers should exercise 
great caution on depressive mood of men in conducting 
cigarette and alcohol prevention and control. In addition, 
neither cigarette nor alcohol cessation was associated 
with lower prevalence of depressive symptoms than cur-
rent smoking and drinking, especially when compared 
with heavy smoking and drinking. This finding implies 
that depressive mood may constitute an impediment to 
cigarette or alcohol cessation and therefore should be 
considered in conducting cessation treatment. Whereas, 
no interaction was observed between cigarette smoking 
and alcohol drinking regarding associations with depres-
sive symptoms.

Consistent with majority previous studies in West-
ern high-income countries [4–6], higher prevalence of 
depressive symptoms was found among current smokers 
in this study. Accordingly, it seems reasonable to infer 
that higher daily cigarette consumption is associated 
with higher odds of depressive symptoms. However, 
contrary to our expectation, daily cigarette consump-
tion was found to be negatively associated with depres-
sive symptoms among current smokers in this study. 
The parabolic-shaped relationship between cigarette 

consumption and depressive symptoms implies that cig-
arette may have both beneficial and adverse effects on 
depressive symptoms. Cigarette may lead to depressive 
symptoms via acting on an individual’s neurocircuitry 
and increasing susceptibility to environmental stress 
[6, 15]. On the other hand, cigarette as a psychoactive 
substance can change neural activity after intake and 
provide a boost to mood [38–40]. These psychoactive 
effects of cigarette increase with consumption in a cer-
tain range [40]. Higher smoking amount was found to 
be associated with stronger inhibiting effect on human 
brain punishing center [40, 41]. Therefore, smokers with 
higher cigarette consumption present lower risk of neg-
ative sense of the self and self-esteem which is resistant 
to depressive symptoms.

Significantly higher prevalence of depressive symp-
toms was observed in men who smoked < 10 and 10–20 
cigarettes/day than non-smokers. This may reflect that, 
in low- and medium-dose exposure of cigarette, the 
development of smoking-related depressive symptoms 
may overpower any of its protective effects. Whereas, in 
high-dose exposure, the benefits of smoking appear to 
balance its hazards, and similar prevalence of depressive 
symptoms was observed between men who smoked > 20 
cigarettes/day and non-smokers. This is consistent with 
a prospective study among Chinese middle-aged and 
elderly participants, in which similar incidence or per-
sistence of depressive symptoms was observed between 
heavy smokers and non-smokers [31]. The negative asso-
ciation between cigarette consumption and depressive 
symptoms seems to support the psycho-relaxant effects 
of cigarette, and implies that relief of depressive symp-
toms may be one of the important motivations for smok-
ers to increase cigarette consumption.

The majority of existing evidences have demonstrated 
a J-shaped relationship between alcohol consump-
tion and depressive symptoms, i.e., beneficial effects of 
light or moderate drinking and adverse effects of heavy 
drinking on depressive symptoms [11–13]. Whereas, a 
reversed pattern was observed in this study, i.e., higher 
risk of depressive symptoms associated with light 
drinking and a lower risk with heavy drinking among 
Chinese middle-aged and elderly men. Genetic and cul-
tural factors may partly account for the controversy. 
Firstly, Han Chinese population has high frequencies 
of genetic polymorphism encoding alcohol dehydro-
genase and aldehyde dehydrogenase which produce an 
instantaneous unpleasant flushing effect after alcohol 
intake [22, 23, 26]. It prevents a substantial propor-
tion of Chinese from developing into alcohol use dis-
order and induces a moderate drinking pattern among 
Chinese [22, 25]. Secondly, in China, alcoholic bever-
age acts as a catalyst linking together families, friends, 
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and guests, helping to establish, develop, and consoli-
date solidarity among them [21, 26]. Therefore, Chinese 
show a preference for drinking at meals with families or 
in social occasions, distinct from the drinking pattern 
in Western high-income countries which value unique-
ness of individuality [21, 22, 26].

There are several possible explanations for higher 
risk of depressive symptoms with light drinking. Firstly, 
depressive symptoms typically result in self-imposed 
social isolation at which time the need to meet the social 
demand for collective drinking will be reduced [31]. Sec-
ondly, according to the self-medication theory, individu-
als drink alcohol to alleviate depressive symptoms [40]. 
The mechanisms underlying the lower odds of depressive 
symptoms with heavy drinking remains unclear, but it 
may be due to the followings. Higher alcohol amount was 
found to be associated with stronger stimulative effect on 
human brain rewarding center [40, 41], which may partly 
account for the lower risk of depressive symptoms with 
heavy drinking. Accordingly, drinkers with higher alco-
hol consumption tend to have more positive sense of the 
self-esteem, which is resistant to depressive symptoms. 
Besides, higher alcohol consumption in Chinese may 
represent a closer family relationship and a better social 
interaction [21, 22, 26]. They contribute to the prevention 
and relief of depressive symptoms and are possible mech-
anisms underlying the significantly lower prevalence of 
depressive symptoms among men drinking > 280 g/week.

Different from majority previous studies [4, 42–44], 
smoking cessation was not associated with lower odds 
of depressive symptoms than current smoking. Smok-
ing abstainers presented similar prevalence of depressive 
symptoms to current smokers. According to the negative 
relationship between cigarette consumption and depres-
sive symptoms in this study, past smokers presented a 
tendency of lower odds of depressive symptoms than 
light smokers, similar odds to mild and heavy smok-
ers. Therefore, the proportions of light, mild and heavy 
smokers in the study population may affect the conclu-
sions. Vast majority (73%) men in this study were mild 
and heavy smokers, which may contribute to the similar 
prevalence of depressive symptoms between past smok-
ers and current smokers. Contrary to previous studies 
[31, 42], alcohol cessation tended to be associated with 
higher prevalence of depressive symptoms in this study. 
Given the critical role of alcoholic beverage in familiar 
and social linkage, the alcohol cessation-induced familial 
and social isolation may contribute to higher prevalence 
of depressive symptoms among alcohol abstainers [21, 
26]. This finding implies that depressive mood may con-
stitute an impediment to cigarette or alcohol cessation.

There are several limitations for this study. Firstly, the 
cross-sectional design of this study precludes us from 

determining the causal and sequential associations 
between cigarette or alcohol and depressive symptoms. 
It’s difficult to determine whether vulnerability of depres-
sive symptoms increases risk for progression to ciga-
rette smoking or vice versa. Secondly, the measurement 
of depressive symptoms was based on a non-diagnostic, 
self-reported scale. Despite good validity and reliabil-
ity of BDI-SF in Chinese population, it is only a screen-
ing for depressive symptoms but not a clinical diagnosis 
of depression. Besides, it is possible that the observed 
associations could result from unmeasured confounding 
effects of other lifestyle factors such as diet, sleep, exer-
cise et  al. Finally, the gender difference in the underly-
ing mechanisms, patterns, and courses of smoking and 
drinking behaviors limit extension of the findings in this 
study to the women [31]. Future examination of other 
health behaviors in models of depression would be useful.

Conclusion
The associations of cigarette smoking and alcohol drink-
ing with depressive symptoms differ with consumption in 
middle-aged and elderly men. A parabolic-shaped rela-
tionship was observed between cigarette consumption 
and depressive symptoms. And an inverted J-shaped rela-
tionship was observed between alcohol consumption and 
depressive symptoms. Relief of depressive symptoms may 
be an important motivation for men to increase their 
cigarette or alcohol consumption. And health-care pro-
viders should exercise great caution on depressive symp-
toms in conducting cigarette and alcohol control.
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