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Abstract
Background  Although the association between smoking and depression is well-established, the underlying 
mechanisms and contextual factors remain insufficiently understood. We examined the association between smoking 
and depression, including detailed dose-response and timing-related relationships, using baseline data from a large 
population-based cohort, the German National Cohort (NAKO). 

Methods  The analysis comprised 173,890 participants (19-72 years, 50.21% female). Lifetime and current depression 
were assessed via self-reported physician’s diagnosis, the Major Depressive Disorder module of the MINI International 
Neuropsychiatric Interview (MINI), and the depression scale of the Patient Health Questionnaire (PHQ-9). Smoking 
behavior was assessed using self-reported smoking status, age at initiation, cigarettes per day, and time since smoking 
cessation. Associations between smoking and depression measures were analyzed using regression models adjusted 
for sex, age, age², education, Body Mass Index, and alcohol consumption. 

Results  Lifetime depression was more prevalent among individuals who currently or formerly smoked compared to 
those who never smoked. Currently smoking individuals also reported most current depressive symptoms, followed 
by formerly smoking individuals and those who never smoked. A dose-response relationship was observed, with 
more cigarettes per day being associated with more current depressive symptoms. Later age at smoking initiation 
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Introduction
Smoking is the leading preventable cause of premature 
mortality worldwide [1]. Early initiation is associated 
with poorer health outcomes [2, 3], higher risk for nico-
tine dependence [4], and greater difficulties quitting [5]. 
Additionally, smoking is increasingly recognized for its 
impact on mental health, particularly depression [6–8]. 
Potential mechanisms include altered neurochemical 
pathways [9], systemic inflammation [10], and disrupted 
stress regulation [11]. These findings underline the 
importance of examining the implications of smoking for 
depression.

Major depressive disorder (MDD) is characterized by 
depressed mood and loss of interest or pleasure in activi-
ties ( [12]. Depression impairs daily functioning and qual-
ity of life [13], and imposes a high societal burden [14, 
15]. The relationship between smoking and depression is 
complex [8, 16]; with evidence suggesting that smoking 
may contribute to depressive symptoms [8, 16, 17], while 
depression may also precede smoking initiation [16] and 
impact smoking severity [18]. Cross-sectional studies 
suggest that individuals who smoke daily face the highest 
risk of depression compared to those who occasionally 
smoke [19]. Conversely, a longitudinal study found that 
reducing cigarette consumption decreases depressive 
symptoms [20]. These findings support a dose-response 
relationship, suggesting that heavier smoking is associ-
ated with more severe depressive symptoms. Addition-
ally, earlier age at smoking initiation is linked to earlier 
depression onset [3]. Conversely, smoking cessation is 
associated with improved depression outcomes [21, 22], 
with a more than 40% reduction in depression risk after 
30 years of smoking cessation compared to current smok-
ing [6] and a 2% decrease in the likelihood of depression 
per year [19].

Despite growing evidence on the link between smok-
ing and depression, important gaps remain. Most prior 
studies are cross-sectional or based on small to medium 
samples, limiting the ability to clarify whether smok-
ing contributes to the onset or worsening of depression, 
or whether depression drives smoking behaviors [23]. 

Moreover, different dimensions of smoking such as sever-
ity, age at initiation, and time since cessation have rarely 
been examined together, leaving dose-response and tim-
ing effects insufficiently understood. Large population-
based studies that can evaluate these associations across 
sociodemographic subgroups are needed to clarify these 
aspects, particularly regarding the trajectory over time of 
the association between smoking behaviors and cessation 
with depression outcomes [24].

To address these gaps, we examined associations 
between smoking status, severity, onset, and cessa-
tion with depression outcomes using baseline data of 
the German National Cohort (NAKO), comprising data 
from more than 200,000 participants [25]. Given that the 
majority of currently and formerly smoking individu-
als in the NAKO reported smoking initiation prior to 
depression onset (93.8%), the present study focuses on 
the effects of smoking on depression outcomes. Incor-
porating timing and dose-response effects, we hypoth-
esized that: (i) smoking is associated with an increased 
likelihood of current and lifetime depression, (ii) a higher 
number of cigarettes per day is associated with more 
severe current depressive symptoms, (iii) an earlier age 
at initiation of smoking is associated with an earlier age 
at onset of depression, (iv) a longer time since smoking 
cessation is associated with a longer time since the last 
depressive episode, and (v) a longer time since smoking 
cessation is associated with reduced severity of current 
depressive symptoms (Fig. 1). Additionally, analyses were 
repeated stratified by sex, age group, and education level 
to examine whether the observed associations were con-
sistent across subgroups in accordance with well-estab-
lished sociodemographic differences in both smoking 
behavior and depression.

Methods
Sample
The NAKO is a population-based longitudinal Ger-
man cohort study investigating causes and trajectories 
of common diseases. Between 2014 and 2019, baseline 
data were collected for 205,415 participants aged 19 to 74 

was associated with later depression onset. Time since smoking cessation was positively associated with time since 
last depressive episode and negatively with current depressive symptoms. 

Conclusions  Our findings support an association between smoking and depression. Robust dose-response 
relationships were found, with higher cigarette consumption associated with more severe depressive symptoms, and 
longer time since cessation linked to lower depression levels. These results highlight smoking as a meaningful and 
modifiable contributor to current and lifetime depression, suggesting that quitting smoking or reducing cigarette 
consumption may benefit mental health. Early prevention of smoking initiation, along with integrated approaches 
that combine smoking cessation support with mental health care, may help reduce both smoking rates and 
depression burden. 
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across 18 study centers. Inclusion criteria encompassed 
the ability to provide informed consent, sufficient knowl-
edge of the German language, and the completion of a 
minimum set of assessments and questionnaires. Par-
ticipants were selected randomly from local registries 
stratified by age and sex, with a higher proportion of par-
ticipants aged 40 and above since the incidence of many 
investigated diseases within the NAKO peaks beyond the 
age of 40 [26]. All participants underwent a Level-1 (L1) 
assessment, including physical and cognitive examina-
tions, a structured interview, touchscreen questionnaires, 
and biomaterial collection. A subset of approximately 
28% underwent a more comprehensive Level-2 (L2) 
assessment including more physical examinations and 
instruments, among others the Mini International Neu-
ropsychiatric Interview analyzed in the present study (see 
Lifetime depression) [25]. All local ethical committees 

provided ethical approval, and participants provided 
written informed consent in accordance with the Decla-
ration of Helsinki.

Measures
Cigarette smoking
Cigarette smoking was self-reported using a touchscreen 
questionnaire. First, participants were asked whether 
they had ever smoked (at least 100 cigarettes during their 
lifetime). Subsequently, they were categorized as hav-
ing never smoked, having formerly smoked, or currently 
smoking. For currently and formerly smoking individuals, 
the age of smoking initiation was calculated from the age 
or year of smoking initiation. Additionally, they indicated 
the average current and former number of cigarettes per 
day. For formerly smoking individuals, time since smok-
ing cessation in years was calculated from the age or year 

Fig. 1  Visualization of hypothesized associations. Note. Green represents the predictor variable smoking. Blue represents the response variable depres-
sion. Arrow = direction. + = positive association. - = negative association. > = greater than
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of quitting smoking. Other tobacco products (i.e., cigars, 
cigarillos, pipes) were excluded from the analyses.

Lifetime depression
For lifetime depression, participants were asked if they 
had ever received a depression diagnosis from a physi-
cian (physician’s diagnosis). If applicable, participants 
were asked to specify the year of or age at the diagnosis 
to calculate the age at onset of depression.

Additionally, the Major Depression module of the 
Mini International Neuropsychiatric Interview Version 5 
(MINI) was used [27]. An initial filter question assessed 
the occurrence of periods of two weeks or more of feeling 
depressed or disinterested across the lifespan. Affirmative 
responses led to further questions about the last occur-
rence of a lifetime depressive episode (month and year). 
For L2 participants, the presence of at least one cardinal 
symptom triggered the remaining questions for symp-
tomatology and impairment level. If five or more symp-
toms applied, a positive MINI classification was assigned; 
otherwise a negative MINI classification was assigned. A 
more detailed description can be found elsewhere [28].

Current depressive symptoms
For current depressive symptoms, participants completed 
the depression module of the Patient Health Question-
naire (PHQ-9) with nine items about the presence and 
frequency of depression symptoms in the past two weeks 
according to the DSM-IV. Responses ranged from 0 (‘not 
at all’) to 3 (‘almost every day’). The sum of all items indi-
cated the severity of current depressive symptoms (0 to 
27). Additionally, a cut-off score of ≥ 10 (PHQ-9 ≥ 10) 
indicated the presence of a moderate to severe current 
depressive episode [29].

Current depressive symptoms and lifetime diagnosis
To account for the presence of both lifetime and current 
depression simultaneously, a variable was constructed 
with the physician’s diagnosis and the PHQ-9 cutoff with 
four levels: no current symptoms & no lifetime diagnosis 
(PHQ-9 sum score < 10 & no diagnosis), lifetime diag-
nosis only (PHQ-9 sum score < 10 & diagnosis), current 
symptoms only (PHQ-9 sum score ≥ 10 & no diagno-
sis), current symptoms & lifetime diagnosis (PHQ-9 sum 
score ≥ 10 & diagnosis).

Covariates
All models included sex, age and age² (continuous), 
education level, Body Mass Index (BMI), and alcohol 
consumption as covariates. For sex, biological sex was 
assessed. The age was derived from the date of birth sub-
tracted from the day of the examination. Education was 
classified according to the International Standard Classi-
fication of Education 1997 (ISCED 97) [30, 31] into lower 

(1–2), medium (3–4), and higher (5–6). An additional 
category, ‘in progress,’ was added since many (mostly 
younger) participants indicated still being in training. 
The BMI was calculated from the height and weight mea-
sured at the day of the examination. Alcohol consump-
tion was assessed using the short version of the Alcohol 
Use Disorders Identification Test (AUDIT-C) [32]. The 
AUDIT-C comprises three questions regarding the fre-
quency of alcohol consumption, alcohol quantity on a 
typical drinking day and the frequency of binge drinking. 
Items are rated on a 5-point Likert scale ranging from 0 
to 4. For the analyses, the AUDIT-C was scored continu-
ously ranging from 0 to 12 points.

Statistical analysis
The present analyses were performed with R (v4.2.1). All 
analyses were exploratory. Using listwise deletion, par-
ticipants older than 72 years or with missing values on 
any variable of interest (smoking variables, physician’s 
diagnosis, PHQ-9, covariates) were excluded from the 
analyses, resulting in a final analysis sample of 173,890 
(see Fig. 2). For testing the association between age at 
smoking initiation and depression onset, analyses were 
restricted to formerly and currently smoking individu-
als who initiated smoking before the first depressive epi-
sode. For testing the association between the time since 
smoking cessation and since last depressive episode, 
analyses were restricted to formerly smoking individu-
als who quit smoking before their last depressive episode. 
Linear and logistic regression models were applied to 
test associations of smoking measures with continuous 
and categorical depression outcomes, respectively (see 
Table 1 and Supplement text S1). For linear models, esti-
mated marginal means (EMM), and for logistic models, 
Odds Ratios (OR), and adjusted frequencies (estimated 
from the respective regression model) were calculated, 
including their respective 95% confidence intervals (CI). 
All regression models were adjusted by sex, age, age² (to 
account for non-linear age effects in depression [e.g. 28, 
33]), education level, Body Mass Index (BMI), and alco-
hol consumption. An overview of all tested associations 
is shown in Fig. 1 and Table 1. Bonferroni correction 
was applied with a significance threshold of p ≤ .006 (α = 
0.05/8 tests). As most tested associations were highly sig-
nificant (p < 10− 10), precise p-values are reported only for 
those with p > 10− 10. Analyses were repeated, stratified 
by sex; by age group (19–29, 30–39, 40–49, 50–59, 60–72 
years), assuming stronger effects in older age groups due 
to longer smoking exposure; and by education level (in 
progress, low, medium, high), given that low socioeco-
nomic status (SES) is associated with both smoking [34] 
and depression [35].
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Fig. 2  Exclusion flow chart. Note. CpD = Cigarettes per day. BMI = Body Mass Index. AUDIT = Alcohol Use Disorders Identification Test. PHQ-9 = Patient 
Health Questionnaire. L2 = Level-2. MINI = Mini International Neuropsychiatric Interview. MINI classification was available for L2 participants only. Partici-
pants with missing values on any relevant variable were excluded by listwise deletion
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Results
Descriptives
The initial data set included 204,792 participants. After 
listwise deletion of participants with missing values (see 
Fig. 2), 173,890 participants remained (84.9% of the total 
sample, 50.21% females, Øage = 49.21). 81,775 partici-
pants indicated having never smoked, 58,004 formerly 
smoked, and 34,111 currently smoked. 55.0% reported 
having high education, 40.6% medium education, 2.1% 
low education and 2.4% education in progress. For a 
detailed sample description, see Table 2.

For the MINI classification, 47,997 L2 participants 
remained. For details, see Fig. 2 and Table 2.

Table 1  Overview of all statistical analyses with predictors and 
outcomes

Subgroup Regres-
sion 
analysis

Predictor Outcome

(i) Current, 
former & 
never

Multiple 
binary 
logistic

Smoking status
[categorical: 
‘never’, ‘former’, 
‘current’]

a) Physician’s diagno-
sis of depression
[categorical: ‘yes’, ‘no’]
b) MINI classification
[categorical: ‘positive’, 
‘negative’]

(i) Current, 
former & 
never

Multiple 
binary 
logistic

Smoking status
[categorical: 
‘never’, ‘former’, 
‘current’]

Current depressive 
symptoms [cat-
egorical: ‘PHQ-9 ≥ 10’, 
‘PHQ-9 < 10’]

(i) Current, 
former & 
never

Multi-
nomial 
logistic

Smoking status
[categorical: 
‘never’, ‘former’, 
‘current’]

Physician’s diagnosis 
& current depressive 
symptoms
[categorical: ‘PHQ-
9 < 10 & no diagnosis’ 
´PHQ-9 ≥ 10 & no di-
agnosis´, ´ PHQ-9 < 10 
& diagnosis´, ´PHQ-
9 ≥ 10 & diagnosis´]

(ii) Current Multiple 
linear

Cigarettes per 
day
[continuous]

Current depressive 
symptoms [continu-
ous: PHQ-9 sum score]

(iii) Current & 
former

Multiple 
linear

AAO of smoking
[continuous]

AAO of depression
[continuous: AAO of 
physician’s diagnosis]

(iv) Former Multiple 
linear

Time since 
smoking 
cessation
[continuous]

Time since last 
depressive episode 
[continuous: time 
reported in MINI 
Screen]

(v) Former Multiple 
linear

Time since 
smoking 
cessation
[continuous]

Current depressive 
symptoms [continu-
ous: PHQ-9 sum score]

MINI = MINI International Neuropsychiatric Interview. PHQ-9 = Patient Health 
Questionnaire. AAO = Age at onset. Square brackets indicate the measurement 
scale and levels of the categorical variable. All analyses were performed with 
sex, age, age², education, BMI, and alcohol consumption as covariates

Table 2  Descriptive statistics of covariates, smoking, and 
depression for the total sample and by smoking status

Total
(n = 173,890)

Never 
smoked
(n = 81,775)

Formerly 
smoked
(n = 58,004)

Currently 
smoking
(n = 34,111)

Age 49.2 (12.8) 47.9 (13.4) 52.4 (11.6) 46.9 (12.2)
Sex female 50.2% 54.6% 45.9% 47.1%
Education 
high

55.0% 60.6% 54.4% 42.5%

Education 
medium

40.6% 34.7% 42.8% 51.2%

Education 
low

2.1% 1.4% 2.0% 3.9%

Education 
in progress

2.4% 3.4% 0.9% 2.4%

BMI 26.6 (5.0) 26.1 (4.9) 27.3 (5.1) 26.3 (5.0)
AUDIT-C 
sum score

3.4 (2.1) 3.0 (1.9) 3.7 (2.1) 3.9 (2.4)

Cigarettes 
per day
(n = 92,115)

12.8 (9.8) - 13.4 (10.4) 11.8 (8.5)

AAO of 
smoking in 
years
(n = 91,950)

18.1 (8.5) - 18.1 (6.2) 18.1 (6.2)

Time since 
smoking 
cessation in 
years
(n = 57,972)

17.0 (12.2) - 17.0 (12.2) -

Physician’s 
diagnosis of 
depression

14.2% 11.5% 15.5% 18.2%

AAO 
Physician’s 
diagnosis of 
depression 
in years
(n = 24,288)

39.3 (12.5) 39.3 (12.5) 40.5 (12.6) 37.6 (12.1)

MINI clas-
sification L2 
positive
(n = 47,997)

15.0% 12.2% 16.3% 19.9%

MINI time 
since last 
depressive 
episode in 
years
(n = 32,199)

5.6 (7.7) 5.7 (7.6) 6.3 (8.2) 4.7 (6.8)

PHQ-9 sum 
score

3.9 (3.7) 3.7 (3.5) 3.9 (3.7) 4.6 (4.3)

PHQ-9 
cutoff ≥ 10

7.7% 6.3% 7.4% 11.8%

Standard deviations are indicated in parentheses. BMI = Body-Mass-
Index. AUDIT-C = Alcohol Use Disorders Identification Test. cigarettes per 
day = Cigarettes per day. AAO = Age at onset. MINI = MINI International 
Neuropsychiatric Interview. PHQ-9 = Patient Health Questionnaire
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Association of smoking status with lifetime depression
The adjusted frequency for physician’s diagno-
sis was 11.4% for individuals who never smoked (CI 
[10.6%,12.3%]), 15.8% for those who formerly smoked 
(CI [14.7%,16.9%]), and 19.6% for those who cur-
rently smoked (CI [18.3%, 20.9%]). Higher OR for cur-
rently (OR = 1.89, CI [1.83,1.97], p < 10− 10) followed by 
formely smoking individuals (OR = 1.46, CI [1.41,1.50], 
p < 10− 10) compared to individuals who never smoked 
were observed (Table S1; Fig.  3A). For the L2 partici-
pants, the adjusted frequency for a positive MINI clas-
sification for individuals who never smoked was 11.6% 
(CI [9.9%,13.5%]), 15.9% for those who formerly smoked 
(CI [14.0%,18.4%]), and 19.8% for those who currently 
smoked (CI [17.2%,22.8%]). Higher OR for currently 
(OR = 1.89, CI [1.77,2.02], p < 10− 10) and formerly smok-
ing individuals (OR = 1.45, CI [1.36,1.54], p < 10− 10) com-
pared to individuals who never smoked were observed 
(Table S2, Supplement text S2, Fig. 3B).

Association of smoking status with current depression
The adjusted frequencies of a PHQ-9 cut-off ≥ 10 
were 10.5% for individuals who never smoked (CI 
[9.7%,11.5%]), 13.0% for those who formerly smoked (CI 
[12.0%,14.1%]), and 18.4% (CI [17.1%,19.9%]) for those 
who currently smoked, corresponding to an OR of 1.92 
(CI [1.83,2.01], p < 10− 10) in currently smoking individu-
als, and an OR of 1.27 (CI [1.22,1.33], p < 10− 10) in indi-
viduals who formerly smoked compared to those who 
never smoked (Fig. 3C, Table S3A, Supplement text S2). 
Additionally, smoking status was associated with PHQ-9 
sum score (F(10, 173879) = 905.2, p < 10− 10): individuals 
who formerly smoked showed the highest mean PHQ-9 
sum scores (EMM = 5.13, SE = 0.03), followed by indi-
viduals who formerly smoked (EMM = 4.55, SE = 0.03), 
and lastly individuals who never smoked (EMM = 4.22, 
SE = 0.02; Figure S1, Table S3B).

Association of smoking status with lifetime and current 
depression
The adjusted frequencies for current symptoms only were 
6.0% for individuals who never smoked (CI [5.9%,6.1%]), 
6.8% for individuals who formerly smoked (CI 
[6.7%,6.9%]), and 8.9% for those who currently smoked 
(CI [8.7%,9.0%]). The adjusted frequencies for lifetime 
diagnosis only were 6.2% for individuals who never 
smoked (CI [6.1%,6.3%]), 8.6% for those who formerly 
smoked (CI [8.5%,8.7%]), and 9.5% for those who cur-
rently smoked (CI [9.4%,9.7%]). The adjusted frequencies 
for current symptoms and lifetime diagnosis were 4.0% for 
individuals who never smoked (CI [3.9%,4.1%]), 5.6% for 
those who formerly smoked (CI [5.5%,5.7%]), and 8.7% 
for those who currently smoked (CI [8.5%,8.8%]) (Fig. 3, 
Table S4, Supplement text S2).

Association of smoking intensity and severity of current 
depressive symptoms
Among individuals who formerly smoked, the mean 
cigarettes per day was 11.8 (SD = 8.5) while the mean 
PHQ-9 sum score was 4.6 (SD = 4.3). A significant posi-
tive association was found, with a higher number of ciga-
rettes per day associated with higher PHQ-9 sum scores 
(Fig. 4). The regression model explained 4.7% of variance 
in PHQ-9 sum score with cigarettes per day being a sig-
nificant predictor (β = 0.05 symptoms per additional ciga-
rette, CI [0.04,0.05], p < 10− 10, Table S5).

Association of age at smoking initiation and depression 
onset
The mean age at smoking initiation was 18.1 years 
(SD = 6.2), while the mean age at depression onset was 
39.3 years. Of 14,991 participants reporting both an age 
at smoking initiation and at depression onset, 14,060 
participants indicated smoking initiation prior to depres-
sion onset (93.8%), 695 depression onset prior to smok-
ing initiation (4.6%), and 236 reported the same age for 
both (1.6%). For those with smoking initiation before 
depression onset, a positive association between the ages 
at smoking initiation and depression onset was observed, 
with a younger age at smoking initiation being associ-
ated with a younger age at depression onset (Fig. 4). The 
model (containing the predictor of interest and covari-
ates) explained 45.3% of variance in the age at depression 
onset, with age at smoking initiation being a significant 
predictor (β = 0.24, CI [0.21,0.27], p < 10− 10, Table S6A). 
Effect estimates were equal for individuals who formerly 
(β = 0.24, CI [0.20,0.28], p < 10− 10, Table S6B) and cur-
rently smoked (β = 0.24, CI [0.19,0.28], p < 10− 10, Table 
S6C).

Association of time since smoking cessation and since the 
last depressive episode
The mean time since smoking cessation was 17.0 years 
(SD = 12.2), while the mean time since the last depres-
sive episode was 6.3 years (SD = 8.2). A significant posi-
tive association was found, with a longer time since 
smoking cessation being associated with a longer time 
since the last depressive episode (Fig. 4). The regression 
model (containing the predictor of interest and covari-
ates) explained 14.5% of variance in the time since the 
last depressive episode, with time since smoking cessa-
tion being a significant predictor (β = 0.17 years since last 
episode per year since cessation, CI [0.16,0.18], p < 10− 10, 
Table S7).

Association of time since smoking cessation and severity 
of current depressive symptoms
For individuals who formerly smoked, the mean PHQ-9 
sum score was 3.9 (SD = 3.7). A negative association 
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Fig. 3  Adjusted Frequencies for Lifetime and Current Depression Measures by Smoking Status. A) Physician's diagnosis. B) MINI classification. C) PHQ-9 
cutoff. D) PHQ-9 cutoff & physician's diagnosis. Note. OR = Odds ratio. PHQ-9 = Patient Health Questionnaire. Frequencies are adjusted for the covariates 
sex, age, age², education, BMI, and alcohol consumption. OR are reported in Panels A, B, and C with individuals who never smoked as the reference group
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between smoking cessation and PHQ-9 sum scores was 
observed, with a longer time since cessation being associ-
ated with lower PHQ-9 sum scores (Fig. 4). The regres-
sion model (containing the predictor of interest and 
covariates) explained 4.9% of the variance in PHQ-9 sum 
score with time since cessation being a significant pre-
dictor (β = -0.02 symptoms per year since cessation, CI 
[-0.02,-0.02], p < 10− 10, Table S8).

Stratified analyses by sex, age group, and education level
Subgroup analyses by sex, age group, and education level 
largely mirrored the overall findings. Across nearly all 
subgroups, individuals who formerly smoked showed the 
strongest associations with lifetime and current depres-
sion, followed by individuals who formerly smoked, and 
lastly individuals who never smoked.

Some variations were observed: The age group 19–29 
showed smaller differences between currently and for-
merly smoking individuals. In contrast, age groups 40–59 
exhibited the clearest distinctions, with individuals who 

currently smoked consistently showing stronger associa-
tions than those who formerly smoked. Regarding edu-
cation, individuals with education-in-progress showed 
a distinct pattern: individuals who formerly smoked had 
higher odds for lifetime depression than those who cur-
rently smoked. For analyses involving age at smoking 
initiation and depression onset, and time since smoking 
cessation and time since last depressive episode, effect 
estimates were slightly smaller or not significant in the 
education-in-progress group and the youngest age group. 
Full results for subgroup analyses are provided in the 
Supplementary Material (Supplement text S3-S8, Tables 
S9A–S15K, Figures S1–S22).

Discussion
The present study examined the association between 
cigarette smoking and depression in a large cross-sec-
tional data set with more than 170,000 people, includ-
ing detailed analyses of dose-response relationships, 
and novel temporal associations between smoking and 

Fig. 4  Descriptive means of smoking behaviors and temporal factors with depression outcomes. A) Mean PHQ-9 by number of cigarettes per day. B) 
Mean age at depression onset by age at smoking initiation. C) Mean duration since last depressive episode by time since smoking cessation. D) Mean 
PHQ-9 by time since smoking cessation. Note. PHQ-9 = Patient Health Questionnaire. Associations between mean levels of predictor and outcome are 
displayed. The black dots represent the descriptive mean of each outcome variable for each level of the respective predictor with 95% CIs. The unadjusted 
regression lines are displayed in pink

 



Page 10 of 13Völker et al. BMC Public Health          (2026) 26:301 

depression. The results show a robust association of 
smoking with the occurrence of depression and symptom 
severity: individuals who formerly smoked had the high-
est odds for lifetime and current depression, followed 
by those who formerly smoked, compared to those who 
never smoked; consistent across sexes, education lev-
els, and age groups. A dose-response relationship was 
observed, with more cigarettes per day being associated 
with more severe current depressive symptoms. Impor-
tantly, earlier smoking initiation was associated with 
earlier depression onset, and a longer time since smok-
ing cessation with a longer time since the last depressive 
episode, and less severe current depressive symptoms. 
Together, these findings extend prior work by dem-
onstrating not only dose-dependent associations but 
also previously unexplored temporal patterns, pointing 
toward a temporally linked and dose-dependent relation-
ship between smoking and depression.

The findings align with prior research indicating that 
currently and formerly smoking individuals are most likely 
to report a history of depression [6, 8, 36], with stron-
ger effect estimates for lifetime depression in the present 
study (ORcurrent =1.89, CI [1.83,1.97]; ORformer =1.46, CI 
[1.41,1.50]) compared to a meta-analysis by Luger and col-
leagues (2014) (ORcurrent = 1.50, CI [1.29,1.60]; ORformer = 
1.21, CI [1.13,1.30]). Differences might reflect heterogene-
ity in depression measures and characteristics (e.g., age 
distribution, sampling strategy) or lack of adjustment for 
age in some of the 78 studies in the meta-analysis. Partici-
pants with education in progress displayed a distinct pat-
tern, where individuals who formerly smoked had a higher 
OR of lifetime depression than those who currently smoked. 
This could reflect underlying vulnerabilities, early cessation 
due to health problems, or statistical fluctuations due to the 
small group size.

Current depressive symptoms were higher in individu-
als who currently smoked followed by individuals who 
formerly smoked compared to those who never smoked. 
While research consistently showed higher depression 
rates in individuals who currently smoked compared 
to those who never smoked [6, 19, 37], findings regard-
ing differences between formerly and never smoking 
individuals varied. Results might depend on the exact 
depression measures, investigated time frames, and 
study characteristics (e.g., age range, sampling method). 
Moreover, age distribution might have influenced the 
observed associations: In the age-stratified analyses, the 
differences between current and individuals who for-
merly smoked were less pronounced in the 19–29 age 
group, likely reflecting shorter cessation times, whereas 
larger differences emerged in the 40–49 and 50–59 age 
groups. Oversampling of individuals above 40 in the 
NAKO might have accentuated differences in the overall 
estimates.

Participants were additionally categorized into no 
depression, current depressive symptoms only, lifetime 
diagnosis only, and current symptoms and lifetime diag-
nosis. While individuals who never or formerly smoked 
showed similar frequencies of current depressive symp-
toms only, individuals who currently smoked showed 
higher frequencies, suggesting that current depres-
sive symptoms are particularly linked to current smok-
ing. Meanwhile, individuals who currently and formerly 
smoked show similar frequencies of lifetime depression 
only compared to individuals who never smoked, dem-
onstrating that a history of smoking is associated with 
a history of depression during the lifetime. For current 
and lifetime depression combined, individuals who cur-
rently smoked showed the highest frequencies, followed 
by those who formerly smoked, compared to those who 
never smoked.

A potential negative effect of smoking on mental health 
was supported by an observed dose-response relation-
ship with more cigarettes per day being associated with 
greater symptom severity. This aligns with research 
comparing individuals who smoke occasionally vs. daily 
[19], levels of nicotine dependence [38], the heaviness of 
smoking [39], or cumulative pack years [6], and biomark-
ers such as cotinine levels [40], suggesting a pharmaco-
logic or neurobiological link between nicotine exposure 
and mood dysregulation. Therefore, even reductions in 
cigarette consumption (short of full cessation) might alle-
viate depressive symptoms.

The temporal analyses further indicated that earlier 
smoking initiation was associated with earlier depression 
onset, replicating prior research on early-onset smok-
ing and depression risk [3, 41]. In the present study, the 
largest effect estimates were observed for the age group 
19–29, potentially explained by stronger temporal cou-
pling or more accurate self-reporting due to weaker recall 
bias in younger individuals.

Further, a longer time since smoking cessation was 
associated with a longer time since the last depressive 
episode, in line with prior studies suggesting that ces-
sation is linked to improved depression outcomes [21, 
42]: Hahad et al. [6] found a more than 40% reduction 
in depression risk after 30 years of cessation compared 
to individuals who currently smoked, and Wu et al. [21] 
identified a decrease of 2% in depression likelihood per 
additional year of cessation. Effect estimates were com-
parable across the stratified analyses except for the edu-
cation-not-finished group, potentially confounded by the 
small subgroup size.

Additionally, a longer time since smoking cessation 
was associated with fewer depressive symptoms, in line 
with previous research demonstrating that a longer time 
since cessation was associated with a stronger decrease 
in depressive symptoms [19, 36, 43]. Stratified analyses 
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were consistent across all age groups except for individu-
als aged 19–29, and across all education levels except 
for those with education in progress, coinciding with 
younger age groups. This suggests that the mental health 
benefits of quitting smoking may take longer to appear 
than many young people have been smoke-free, or that 
their shorter smoking history led to smaller mental 
health changes.

Strengths of this study include its large sample size, 
providing high statistical power for stratified analyses, 
and comprehensive measures capturing various aspects 
of smoking and depression. According to Bradford 
Hill’s criteria of temporality and biological gradient, the 
observed dose–response and timing patterns strengthen 
the plausibility of a causal relationship [44]; although 
reverse causality remains possible: depression may con-
tribute to smoking initiation [8, 16] or hinder smoking 
cessation [45]. Longitudinal data or experimental valida-
tion is needed to confirm causality.

However, the cross-sectional study design and the 
retrospective assessments limit causal inference from 
the present analyses, and recall bias may have affected 
reports of smoking initiation, depression onset, and ces-
sation history.

Although the NAKO spans multiple study sites across 
Germany and includes a broad age range, exact estimates 
may not be fully representative of the German population. 
For instance, despite a high response for a study of this scale 
(15.6%) [26], certain subgroups (e.g., lower SES or more 
severe mental health issues) may be underrepresented due 
to non-participation, although analyses were adjusted for 
education level as a proxy for SES, and the results of the 
stratified analyses were largely consistent across educa-
tion levels. Similarly, the aforementioned subgroups might 
have been less likely to complete all assessments, and since 
participants with missings on the relevant variable were 
excluded from the analyses, this might have reinforced 
underrepresentation. Moreover, nicotine exposure from 
non-cigarette products was not examined here, and the 
directionality between smoking and depression cannot be 
fully disentangled given evidence that depression may influ-
ence smoking behavior [16].

Potential mechanisms linking smoking and depres-
sion may include a shared genetic predisposition [46] or 
alterations in brain regions involved in both conditions 
[9, 47]. Future longitudinal analyses, and integration of 
available fMRI and genetic data in the NAKO may help 
clarify these pathways [25, 48]. Additionally, the tempo-
ral association between smoking and depression could 
be strengthened by including a negative-control analysis, 
testing whether another behaviour commonly initiated at 
a similar age (e.g., alcohol use or social media use) also 
predicts later depression.

Overall, the present results revealed differences in 
lifetime and current depression frequencies according 
to smoking status. Beyond confirming an association 
between smoking and depression, our study demon-
strates dose-dependent effects of smoking heaviness on 
depression severity, while longer time since cessation 
predicted both reduced symptoms and longer periods 
of remission. The results highlight the importance of 
preventing smoking initiation and promoting cessation, 
or harm-reduction strategies to support mental health. 
From a policy perspective, integrating mental health con-
siderations into tobacco-control initiatives (e.g., cessation 
interventions in primary care) may enhance the effective-
ness of public health approaches. Future research should 
further clarify the temporal and causal mechanisms 
underlying the smoking–depression link, and evaluate 
whether early intervention or harm-reduction strate-
gies can mitigate mental health risks. Taken together, 
the present findings suggest that heavier smoking con-
fers greater depressive burden, while sustained cessation 
yields mental health benefits, underscoring the need for 
early prevention and targeted cessation support.
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