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Abstract 

Background  Periodontitis is a complex chronic inflammatory disease that is particularly associated with health-
related conditions such as smoking, excessive drinking and depression. This research aimed to investigate the interac-
tion between these lifestyles factors on periodontitis risk.

Methods  This study included participants who participated in the National Health and Nutrition Examination 
Survey in the United States between 2009 and 2014. They had completed oral health-periodontal examination, 
Smoking-Cigarette Use Questionnaire, Alcohol Use Questionnaire, and Patient Health Questionnaire. Periodontal 
clinical attachment loss (CAL) of 3 mm or more and Patient Health Questionnaire-9 (PHQ-9) of 10 scores or more were 
used to identify periodontitis and depression, respectively. Daily alcohol consumption in the past year was classi-
fied into three levels: low (1 drink or less), moderate (between 1 and 3 drinks), and heavy drinking (4 drinks or more), 
while smoking was defined as having smoked at least 100 cigarettes in one’s lifetime. Then, the logistic regression 
combined with interaction models were used to analyze the independent and combined effects of smoking, drinking 
and depression on periodontitis risk.

Results  The results indicated a statistically significant multiplicative interaction between smoking and depression 
in relation to the development of periodontitis, both in the overall population (P = 0.03) and among male participants 
(P = 0.03). Furthermore, among individuals experiencing depression, smoking was found to significantly increase 
the prevalence of periodontitis by 129% in the younger age group compared to non-smokers (odds ratio [OR]: 2.29; 
95% confidence interval [CI]: 1.10 to 4.76). However, the interaction between smoking and alcohol consumption 
was only significant among females (P < 0.05). There was a dose-dependent relationship between drinking frequency 
and smoking on periodontitis prevalence. In the smoking population, occasional drinking (OR: 1.70; 95% CI: 1.22 
to 2.37) and regular drinking (OR: 2.28; 95% CI: 1.68 to 3.11) significantly increased the prevalence of periodontitis 
compared to individuals without these two factors.

Conclusion  These results suggested that there were interactive effects between smoking, drinking and depression 
on periodontitis risk and policies aimed at healthy behaviours and mental health may be beneficial for our oral health.
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Background
Periodontitis is a common chronic inflammatory disease 
with a high incidence of 50% [1], which increases the risk 
of systemic diseases, such as diabetes, cardiovascular dis-
eases, Alzheimer’s disease, and mental disorders [2, 3]. 
The important role of inflammatory bimarkers, such as 
cortisol, TGF-1β and TNF-α, in the pathogenesis of peri-
odontitis has drawn the attention to the systemic impact 
of periodontitis and its potential relationship with other 
diseases [4, 5]. More recently, psychological conditions, 
most notably depression, have been shown to be associ-
ated with periodontitis. According to the Global Burden 
of Disease Study, depression prevalence in the United 
States ranges from 11 to 21% and becomes the leading 
cause of disability-adjusted life-years (DALYs) worldwide 
[6, 7]. Due to the high burden of the two diseases, more 
attention has been paid to explore the potential associa-
tion between periodontitis and depression and further 
prevent their comorbids in primary care.

At present, there were a large number of studies, 
including epidemiological evidence and the potential bio-
logical mechanisms, demonstrating the linkage between 
periodontitis and depression [4, 5, 8]. In addition, there 
was an overlap between risk factors for periodontitis 
and depression, including smoking, drinking, physical 
activity, and poor oral hygiene practices [4]. Further evi-
dence indicated that cigarette smoking was responsible 
for periodontitis [9], and it also can predict the severity 
and progression of depression [8, 10]. Similarly, drinking 
also has a minor but significant association with peri-
odontal health, and heavy drinking frequently co-occurs 
with depression [11, 12]. Considering the fact that peri-
odontitis and depression are both multifactorial and co-
occurring disorders [13], further investigation into the 
relationship of smoking, drinking and depression with 
periodontitis risk, may help understand periodontitis and 
its comorbids conditions and further contribute to the 
prevention of periodontitis and depression.

Interaction analysis is a useful approach for examin-
ing multiple modifiable exposure factors that play a role 
simultaneously or interact with one another on disease 
risk [14]. It has been widely used in gene–gene and gene-
environment studies but less frequently used in peri-
odontitis. According to recent literature, smokers with 
stage III periodontitis had increased stress than non-
smokers [15]. Similarly, patients with chronic periodonti-
tis, smoking habits and depression had the highest levels 
of salivary cortisol levels [16]. It has also been reported 
that populations with both drinking and smoking had 
higher risk for developing periodontitis than those with 
either factor alone, indicating that they have interactive 
effects on periodontitis risk [17]. Despite the impor-
tance of understanding how these factors can interact on 

periodontitis risk, most previous epidemiological studies 
have focused only on single health behavior in isolation. 
There is no comprehensive interaction analysis on multi-
ple lifestyle factors. Therefore, it is of clinical significance 
to investigate the interactive association between these 
reversible health risk factors and periodontitis.

This study aimed to investigate the independent and 
interactive effects of smoking, drinking and depression 
on the prevalence of periodontitis based on the National 
Health and Nutrition Examination Survey (NHANES, 
2009–2014).

Null Hypothesis was: There is no significant influence, 
either individually or collectively, of smoking, drinking, 
and depression on the risk of periodontitis prevalence.

Methods
Study design and populations
NHANES is a comprehensive continuous cross-sectional 
study conducted in the United States designed to evaluate 
the nutritional status and overall well-being of the U.S. 
population. To achieve this, a sample of approximately 
5,000 non-institutionalized civilians, selected through 
a stratified multistage probability sampling method, is 
recruited on an annual basis to ensure national represen-
tation. Data from the NHANES 2009–2014 were included 
in this study. Participants were invited to complete a 
detailed home interview and a health examination in a 
mobile examination center (MEC), including a periodon-
tal examination (age ≥ 30 years) and a depression screen-
ing (age ≥ 18  years) [18]. All NHANES protocols that 
generated the data were approved by the National Center 
for Health Statistics (NCHS) at the Centers for Disease 
Control and Prevention (CDC). A total of 30,468 partici-
pants from the selected NHANES cohorts were divided 
into three groups in our analysis. Data inclusion process 
is shown in Fig. 1. The study excluded participants who 
had incomplete data on exposure variables including 
smoking, alcohol consumption, or depression, as well as 
those who did not undergo periodontal examinations, 
had abnormal BMI (including absent BMI and extreme 
BMI values), or were pregnant. Finally, we screened the 
following three groups as the smoking-depression group 
(10,164 individuals), drinking-depression group (6,900 
individuals, alcohol consumption), and drinking-smoking 
group (6,849 individuals, the frequency of drinking).

Periodontitis assessment (outcomes)
All oral health assessments were conducted within a 
specifically designated room at the mobile examination 
center (MEC), equipped with a portable dental chair, 
light, and compressed air. Trained dentists performed 
the periodontal examination, measuring clinical attach-
ment loss (CAL) and probing depth at six interproximal 
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sites per tooth (distal-facial, mesial, proximal, distal-
lingual, mesial-lingual, and proximal-lingual), exclud-
ing third molars, and then a health technician entered 
the collected data. Only individuals aged 30 years and 
above were considered eligible for participation in these 
periodontal examinations. The proportion of sites with 
a CAL ≥ 3 mm is commonly used as an indicator of the 
severity of periodontitis. In our study, we identified peri-
odontitis in each subject with at least one site exhibiting a 
CAL ≥ 3 mm [19, 20].

Depression, drinking, smoking (exposures)
Depression was assessed with the Patient Health Ques-
tionnaire-9 (PHQ-9), including nine items about the fre-
quency of depressive symptoms over the previous two 
weeks. PHQ-9 total scores ranged from 0 to 27 and the 
cutoff score for depression identification was 10 or more 
[21]. The drinking and smoking data were collected by 
computer-assisted personal interview (CAPI) technol-
ogy. Daily alcohol consumption in the past 12 months 
was categorized into three levels: low-intensity (1 drink 
or less), moderate (between 1 and 3 drinks), heavy drink-
ing (4 drinks or more) [22]. A ‘drink’ was defined as 
containing 14g alcohol. The frequency of weekly alco-
hol consumption was categorized as ‘5 days or more per 
week’ (regular drinkers), ‘between 2 and 4 days per week’ 
(occasional drinkers), and “1 day or less per week’ (non-
drinkers). Smokers were defined as those who reported 
smoking at least 100 cigarettes during their lifetime, 

either currently (current smoker) or not currently (for-
mer smoker) [18].

Covariates assessment
The sociodemographic variables included in this study 
were age (in years), gender (male, female), race/ethnicity 
(non-Hispanic white, non-Hispanic black, non-Hispanic 
Asian, Mexican Americans, and other race), education 
level (less than 9th Grade, 9-11th Grade, high school grade/ 
General Education Development or Diploma or equivalent, 
some college or Associate of Arts Degree, college gradu-
ate or above, missing), marital status (married/living with 
partner, widowed/divorced/separated, missing), history 
of diabetes (no, yes, missing), and family monthly poverty 
level (≤ 1.30, 1.30–1.85, 1.85–5, > 5, missing) [23, 24], as per 
the poverty guidelines outlined by the U.S. Department of 
Health and Human Services (HHS) and the recommenda-
tions provided by the National Health and Nutrition Exam-
ination Survey (NHANES) [25]. Body mass index (BMI) 
was classified as low weight (< 18.5 kg/m2), normal weight 
(18.5 to 25 kg/m2), overweight (25 to 30 kg/m2) and obesity 
(≥ 30  kg/m2) [26]. Diagnosed diabetes mellitus, damaging 
the healing process of periodontitis, was identified by self-
report questionnaires [21].

Statistical analysis
Considering the complicated sample design, all analyses 
incorporated the NHANES sampling weights to ensure 
the representativeness of noninstitutionalized civilian 

Fig. 1  Flowchart of the sample selection from NHANES 2009–2014
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resident population of the United States. Descriptive data 
were presented as mean (standard deviation) for continu-
ous variables and number (percentage) for categorical 
variables in terms of sociodemographic and periodon-
tal characteristics. The multivariate logistic regression 
model was used to analyze the independent effects and 
multiplicative interaction between depression, smoking, 
and drinking based on initial model and adjusted model 
(adjusted for age, gender, ethnicity, education, household 
income and history of diabetes). We analyzed the interac-
tion effect across different gender (male and female) and 
age groups (≤ 45 and > 45) [27]. Odds ratio (OR) and 95% 
confidence interval (CI) were calculated. All statistical 
analyses were performed using the SPSS 24.0 statistical 
software package (IBM SPSS Statistics for Windows, Ver-
sion 24.0) and R (versionversion 4.3.1). The statistical sig-
nificance was set at P < 0.05 using the two-sided test.

Results
Demographic and periodontal characteristics
Baseline information, including demographic character-
istics, physiological status, periodontal status, smoking 
and drinking levels has been presented in Table 1. Among 
the 6816 participants included in this study, 55.8% were 
male and 44.3% were female; 49.4% were non-smokers 
and 50.6% were smokers (including former and current 
smokers); 14.7% were low drinkers, 69.9% were moder-
ate drinkers, and 15.4% were heavy drinkers. In the total 
population, the prevalence of periodontitis and depres-
sion was 38.8% and 7.9%, respectively.

Independent effect of smoking, drinking and depression 
on periodontitis
As shown in Supplemental Fig.  1, the ORs for develop-
ing periodontitis for former and current smokers were 
1.23 (95% CI: 1.05 to 1.43) and 1.66 (95% CI: 1.34 to 2.05) 
when compared with non-smokers in the multivariable-
adjusted regression model with all variables. For regular 
and occasional drinkers, the ORs were 1.14 (95% CI: 0.94 
to 1.37) and 1.38 (95% CI: 1.04 to 1.83), respectively. The 
restricted cubic spline further revealed that drinking had 
decreased the risk of periodontitis under a low-dose con-
dition but increased the risk under a high-dose condition 
(P < 0.05). The logistic regression model observed no sta-
tistically significant association between depression and 
periodontitis (P > 0.05).

Interactive effects of smoking and depression on 
periodontitis.

There was a significant multiplicative interaction 
between smoking and depression in the total sample 
(P < 0.05; Table  2). And this interaction was also sig-
nificant in the male (P < 0.05). The subgroup analyses 
revealed that former smokers (OR: 1.16, 95% CI: 1.02 

to 1.31) and current smokers (OR: 1.67, 95% CI: 1.37 to 
2.02) had higher risk for developing periodontitis than 
non-smokers in the non-depressed population (PHQ-9 
score < 10, Table S1). Stratified analyses further showed 
that participants with both smoking and depression had 
37% higher prevalence of periodontitis than those with-
out smoking or depression, but this was not statistically 
significant (OR: 1.37, 95% CI: 0.98 to 1.91; Fig. 2A).

Interactive effects of drinking and depression 
on periodontitis
In the total population and subgroups, no signifi-
cant multiplicative interaction (P > 0.05) was identified 
between alcohol consumption and depression on peri-
odontitis risk (Table  2). Stratified analysis further dem-
onstrated that when combined with depression, heavy 
drinkers increased prevalence of periodontitis by 47%, 
but this was not statistically significant (OR: 1.47,95% CI: 
0.84 to 2.59; Fig. 2B), compared to the general population 
without drinking or depression.

Interactive effects of smoking and frequency of drinking 
on periodontitis
There was a significant multiplicative interaction between 
smoking and drinking in the female population (P < 0.05; 
Table 2). When combined with smoking status, the risk 
for developing periodontitis increased with an increased 
frequency of drinking (for non-drinkers, OR: 1.53, 
95% CI:1.28 to 1.81; for occasional drinkers, OR:1.66, 
95% CI:1.31 to 2.10; for regular drinkers, OR: 2.28, 95% 
CI:1.68 to 3.11; Fig. 2C).

Discussion
This is the first systematic examination of the interaction 
between depression, smoking, and alcohol consump-
tion on the prevalence of periodontitis using a large US 
population. In the overall population and within gen-
der subgroups, we observed significant multiplicative 
interactions between smoking-depression and smok-
ing-drinking. In the depressed population, smoking sig-
nificantly increased the prevalence of periodontitis by 
1.29-fold in the youth group compared with non-smok-
ing. Moreover, the co-occurrence of smoking and heavy 
alcohol consumption exhibited a significant elevation in 
the prevalence of periodontitis. Based on the findings of 
this study, our null hypothesis was rejected.

Our study found that cigarette smoking served as a risk 
factor for periodontal diseases, as previously reported 
[9]. Results showed that both former and current smok-
ers were more likely to develop periodontitis than non-
smokers in the general population (PHQ-9 score < 10). 
The proposed explanation was that smoking effects 
on inducing systemic inflammation can continue for 
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Table 1  Demographic characteristics, physiological status, smoking and drinking levels: NHANES (2009 to 2014)a

Characteristics Total population No periodontitis Periodontitis

(N = 6,816) (N = 4,171) (N = 2,645)

Age (years), Mean ± SD 51.52 (14.10) 53.30 (13.78) 48.72 (14.15)

Depression status, n (%)

  No depression 6280(92.1) 3848(92.3) 2432(91.9)

  Depression 536(7.9) 323(7.7) 213(8.1)

Gender, n(%)

  Male 3800 (55.8) 2597 (62.3) 1203 (45.5)

  Female 3016 (44.2) 1574 (37.7) 1442 (54.5)

Ethnicity, n (%)

  Mexican American 885 (13.0) 654 (15.7) 231 (8.7)

  Other Hispanic 659 (9.7) 383 (9.2) 276 (10.4)

  Non-Hispanic White 3304 (48.5) 1825 (43.8) 1479 (55.9)

  Non-Hispanic Black 1292 (19.0) 901 (21.6) 391 (14.8)

  Other Race-Including Multi-Racial 676 (9.9) 408 (9.8) 268 (10.1)

Marital status, n (%)

  Married/Living with Partner 4463 (65.5) 2684 (64.3) 1779 (67.3)

  Widowed/Divorced/Separated 2350 (34.5) 1484 (35.6) 866 (32.7)

  Refused or unknown 3 (0.0) 3 (0.1) 0

BMI status, n (%)

  Underweight (18.5 kg/m2) 73 (1.1) 44 (1.1) 29 (1.1)

  Normal (18.5–25 kg/m2) 1840 (27.0) 1047 (25.1) 793 (30.0)

  Overweight (25–30 kg/m2) 2544 (37.3) 1559 (37.4) 985 (37.2)

  Obese (> 30 kg/m2) 2359 (34.6) 1521 (36.5) 838 (31.7)

Education, n (%)

  Less than 9th Grade 497 (7.3) 375 (9.0) 122 (4.6)

  9-11th Grade 871 (12.8) 604 (14.5) 267 (10.1)

  High School grade/ GED or Equivalent 1453 (21.3) 974 (23.4) 479 (18.1)

  Some College or AA Degree 1959 (28.7) 1190 (28.5) 769 (29.1)

  College Graduate or above 2030(29.8) 1024 (24.6) 1006 (38.0)

  Refused or unknown 6 (0.1) 4 (0.1) 2 (0.1)

Family monthly poverty level index, n (%)

   ≤ 1.30 1642 (24.1) 1138 (27.3) 504 (19.1)

  1.30–1.85 695 (10.2) 482 (11.6) 213 (8.1)

  1.85–5 2450 (36.0) 1463 (35.1) 987 (37.3)

   > 5 1516 (22.2) 773 (18.5) 743 (28.1)

  Refused or unknown 513 (7.5) 315 (7.6) 198 (7.5)

Smoking status, n (%)

  Never smoked 3369 (49.4) 1890 (45.3) 1479 (55.9)

  Form smoker 1890 (27.7) 1200 (28.8) 690 (26.1)

  Current smoker 1557 (22.8) 1081 (25.9) 476 (18.0)

Drinking status, n (%)

  Amount of drinking

    0–14 g/d 1004 (14.7) 597 (14.3) 407 (15.4)

    14–56 g/d 4766 (69.9) 2828 (67.8) 1937 (73.2)

     > 56 g/d 1047 (15.4) 746 (17.9) 301 (11.4)

  Frequency of drinking, n(%)

  Once or less/week 4391 (64.4) 2637 (63.2) 1754 (66.3)

  2–4 times/week 1803 (26.5) 1100 (26.4) 703 (26.6)

   > 5 times/week 622 (9.1) 434 (10.4) 188 (7.1)

History of diabetes, n (%)

  No 5948 (87.3) 3586 (86.0) 2362 (89.3)

  Yes 721 (10.6) 495 (11.9) 226 (8.5)

  Refused or unknown 147(2.2) 90 (2.2) 57 (2.2)

a Descriptive data were shown as mean (standard deviation) for continuous variables and number (percentage) for categorical variables
N number, SD standard deviation, BMI Body Mass Index, GED General Education Development or Diploma, AA Associate of Arts
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months or years despite the fact that cigarette smoke 
extracts have been removed from the body after smok-
ing cessation [9]. This result was inconsistent with pre-
vious studies, which indicated no significant difference 
between never-smokers and former smokers regarding 
periodontitis risk [28, 29]. The heterogeneity of research 
can be attributed to different time frames for evaluat-
ing smoking status. It has been further reported that 
until approximately 6  years after quitting smoking, the 
smoking-related risk for periodontitis will diminish and 
approach to that of never-smokers [30].

To our knowledge, this is the first time that the interac-
tion between smoking and depression has been indicated 
in periodontitis. Previous evidence have demonstrated 
that psychological stress and smoking may serve as medi-
ators for the prevalence of periodontal diseases [31]. Both 
biological mechanisms,  such as inflammatory responses 
[9] and behavioral theories have been proposed to 
explain how smoking and depression independently 
influenced periodontitis. The mechanisms underlying the 
correlations between smoking and periodontitis shared 
similarities with those linking depression to periodontitis 
[9]. One proposed explanation for this synergistic effect 
is that smokers with a history of depression can have a 
prolonged and/or augmented inflammatory response 
since the anti-inflammatory response capability may be 
downregulated by depression condition. Then, a hyper-
inflammatory response can be reinforced by smoking 
status, thereby accelerating the progression of periodon-
titis [9]. Considering our findings, more attention should 
be paid to the screening and prevention of periodontitis 
in depression subjects and depression in periodontitis 
patients by collecting comprehensive information regard-
ing the smoking history and depressive symptoms.

Further results showed that the smoking-depression 
interaction exhibited consistency across various age and 
gender cohorts. This interaction was only significant in 
males not females due to the exceptionally low smoking 
rates among women in this study. Additionally, depressed 
men frequently failed to maintain healthy behaviors, 
such as smoking cessation [32]. On the other hand, this 
association was consistent in both young and aged pop-
ulations. Therefore, regardless of an individual’s age, 

smoking consistently has adverse impacts on periodonti-
tis, regardless of the duration of smoking, whether it is of 
a short-term or long-term nature.

A dose-dependent relationship was identified between 
drinking and periodontitis, as well as between smok-
ing-drinking interaction and periodontitis. This finding 
aligns with previous research, indicating the association 
between cigarette smoking and increased periodontitis 
risk with alcohol assumption increment [17]. The poten-
tial hypothesis is that the dysfunction of immune cells, 
specifically T-cells and neutrophils, may be responsible 
for the cumulative effects observed with excessive alcohol 
intake surpassing a specific threshold [33]. Subsequently, 
the risk for infectious complications including periodon-
titis can be elevated due to the excessive alcohol intake 
[11]. Overall, these results underscore the adverse effects 
of alcohol consumption itself, as well as its confounding 
adverse effects when combined with other factors such as 
smoking on periodontitis progression. This highlights the 
significance of limiting cumulative alcohol intake from 
both the individual and combined effects.

Our study has some strengths. First, we analyzed a 
large-scale population and examined the complicated 
interactive relationship between different influencing fac-
tors rather than focus on only one single factor. Second, 
data from the NHANES were selected using a complex, 
multi-stage probability sampling design fully representa-
tive of the general population across the United States. 
Third, multiple confounding factors were considered in 
this study, including sociodemographic characteristics 
and history of diabetes. There are some limitations to this 
study. First, no causality can be inferred from the data due 
to the cross-sectional nature of the study. As with other 
cross-sectional studies, the temporal relationship cannot 
be established considering the long-term variables (e.g., 
periodontitis, smoking) and the short-term variables 
(e.g., drinking and depression). Therefore, further study is 
needed to solve geographic restrictions from a large mul-
tinational population. Second, our study utilized CAL as 
the sole criterion for grading the severity of periodontitis, 
without considering other factors like aggressive tooth 
brushing and periodontal trauma. This may lead to some 
bias in the patients inclusion, which could be improved 

Table 2  Interaction of smoking, drinking and depression on periodontitis stratified by age and gender

* indicates P < 0.05. The adjusted model was adjusted for age, gender, ethnicity, family income-to-poverty ratio, educational level, and history of diabetes. P-values less 
than 0.05 (P < 0.05) were considered significant

OR odds ratio, CI confidence interval, N number

P interaction N Total Population Male Female Age ≤ 45 Age > 45

Depression*Smoking 10,164 0.03* 0.03* 0.35 0.65 0.11

Depression*Drinking 6900 0.16 0.74 0.08 0.78 0.07

Smoking*Drinking 6849 0.39 0.95 0.05* 0.60 0.25
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Fig. 2  Association between smoking-drinking-depression and the risk of periodontitis. A OR of periodontitis in the smoking-depression group; (B) 
OR of periodontitis in the drinking-depression group; (C) OR in of periodontitis in the drinking-smoking group. P-values less than 0.05 (P < 0.05) were 
considered significant. OR odds ratio, CI confidence interval, N number
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by designing comprehensive and detailed epidemiologi-
cal surveys. However, it is important to consider that 
such improvements often come with higher survey costs 
and longer research cycles, therefore a balance needs to 
be achieved between the accuracy, cost, and time in the 
future survey designs.

Conclusion
In summary, there was a significant multiplicative interac-
tion between smoking-depression and smoking-drinking, 
and promoting healthy behaviors and mental well-being 
may play a crucial role in the prevention of periodontitis.

Abbreviations
NHANES	� National Health and Nutrition Examination Survey
OR	� Odd ratio
CI	� Confidence interval
NCHS	� National Center for Health Statistics
CDC	� Centers for Disease Control and Prevention
DALYs	� Disability-adjusted life-years
PD	� Periodontal probing depth
CAL	� Clinical attachment loss
MEC	� Mobile examination center
PHQ-9	� Patient Health Questionnaire-9
CAPI	� Computer-assisted personal interview
BMI	� Body mass index
RCS	� Restricted cubic spline

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12903-​024-​04287-6.

Additional file 1: Figure S1. Association between individual lifestyle 
factor and the risk of periodontitis. A) Association between smoking and 
periodontitis; B) Association between drinking frequency and periodon-
titis risk; C) Association between drinking amount and periodontitis risk. 
Model was adjusted for age, gender, ethnicity, family income-to-poverty 
ratio, educational level, and history of diabetes. P-values less than 0.05 (P < 
0.05) were considered significant. OR: odds ratio, CI: confidence interval.

Additional file 2: Table S1. The interaction of smoking, drinking and 
depression on periodontitis stratified by age and gender.

Acknowledgements
We extend our appreciation to the School of Public Health, Shanghai Jiao Tong 
University School of Medicine, Shanghai, China. Additionally, we would like to 
acknowledge the indispensable assistance provided by our classmates and friend.

Authors’ contributions
Y.Q. Huang, J.N. Xu contributed to the conception, design, data acquisition, 
analysis and interpretation, drafted and critically revised the manuscript. Y. 
Huang, Y.D. Xu, H.L. Wang and W.T. Shi contributed to the analysis, interpreta-
tion and drafted the manuscript. J. Wang and H. Wang contributed to the con-
ception, design, data analysis and interpretation, and revised the manuscript. 
All authors have approved the final manuscript and agreed to be accountable 
for all aspects of the work.

Funding
This study was supported by: the National Natural Science Foundation of 
China 82030099 and 81630086 (to H.W.); Shanghai Health Care Commission 
Youth Project Fund (20224Y0356); Shanghai Natural Science Foundation of 
China (21ZR1441800); The National Key Research and Development Program 
of China (2023YFC2413600); The second round of demonstration research 
ward construction and research physician innovation transformation ability 
training project (SHDC2022CRS025).

Availability of data and materials
Publicly available datasets were analyzed in this study. Data for this study are 
available at https://​www.​cdc.​gov/​nchs/​nhanes/​index.​htm.

Declarations

Ethics approval and consent to participate
NHANES is conducted by the Centers for Disease Control and Prevention 
(CDC) and the National Center for Health Statistics (NCHS). And the NHANES 
study protocol was reviewed and approved by the NCHS Research Ethics 
Review Committee. All participants in NHANES provided written informed 
consent.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 School of Public Health, Shanghai Jiao Tong University School of Medicine, 
227 Chongqing Road, Huangpu District, Shanghai, China. 2 Department 
of Prosthodontics, Shanghai Ninth People’s Hospital, College of Stomatology, 
Shanghai Jiao Tong University School of Medicine, No.639 Zhizaoju Road, 
Huangpu District, Shanghai 200011, China. 3 National Center for Stomatology, 
National Clinical Research Center for Oral Diseases, Shanghai Key Labora-
tory of Stomatology College of Stomatology, Shanghai Jiao Tong University, 
Shanghai Research Institute of Stomatology, Shanghai, China. 4 Nanjing Medi-
cal University, Nanjing, China. 5 Clinical Research Unit, Shanghai Ninth People’s 
Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai, China. 

Received: 10 November 2023   Accepted: 22 April 2024

References
	1.	 Sanz M, Marco Del Castillo A, Jepsen S, Gonzalez-Juanatey JR, D’Aiuto F, 

Bouchard P, et al. Periodontitis and cardiovascular diseases: Consensus 
report. J Clin Periodontol. 2020;47:268–88.

	2.	 Kisely S, Sawyer E, Siskind D, Lalloo R. The oral health of people with anxi-
ety and depressive disorders - a systematic review and meta-analysis. J 
Affect Disord. 2016;200:119–32.

	3.	 Teles F, Collman RG, Mominkhan D, Wang Y. Viruses, periodontitis, and 
comorbidities. Periodontol. 2000;2022(89):190–206.

	4.	 Petit C, Anadon-Rosinach V, Rettig L, Schmidt-Mutter C, Tuzin N, Davideau 
J-L, et al. Influence of psychological stress on non-surgical periodontal 
treatment outcomes in patients with severe chronic periodontitis. J Peri-
odontol. 2021;92:186–95.

	5.	 Neupane SP, Virtej A, Myhren LE, Bull VH. Biomarkers common for inflam-
matory periodontal disease and depression: A systematic review. Brain, 
Behavior, & Immunity - Health. 2022;21:100450.

	6.	 McCarron RM, Shapiro B, Rawles J, Luo J. Depression. Ann Intern Med. 
2021;174:ITC65–80.

	7.	 Beurel E, Toups M, Nemeroff CB. The Bidirectional Relationship of Depres-
sion and Inflammation: Double Trouble. Neuron. 2020;107:234–56.

	8.	 Boden JM, Fergusson DM, Horwood LJ. Cigarette smoking and depres-
sion: tests of causal linkages using a longitudinal birth cohort. Br J 
Psychiatry. 2010;196:440–6.

	9.	 Apatzidou DA. The role of cigarette smoking in periodontal disease 
and treatment outcomes of dental implant therapy. Periodontol. 
2000;2022(90):45–61.

	10.	 Becker HC. Influence of Stress Associated with Chronic Alcohol Exposure 
on Drinking. Neuropharmacology. 2017;122:115–26.

	11.	 Wang J, Lv J, Wang W, Jiang X. Alcohol consumption and risk of periodon-
titis: a meta-analysis. J Clin Periodontol. 2016;43:572–83.

	12.	 O’Donnell A, Schmidt CS, Beyer F, Schrietter M, Anderson P, Jane-Llopis 
E, et al. Effectiveness of digital interventions for people with comorbid 
heavy drinking and depression: A systematic review and narrative synthe-
sis. J Affect Disord. 2022;298(Pt B):10–23.

https://doi.org/10.1186/s12903-024-04287-6
https://doi.org/10.1186/s12903-024-04287-6
https://www.cdc.gov/nchs/nhanes/index.htm


Page 9 of 9Huang et al. BMC Oral Health          (2024) 24:535 	

	13.	 King A, Fucito L. Cigarette Smoking and Heavy Alcohol Drinking: The 
Challenges and Opportunities for Combination Treatments. Am J Psychia-
try. 2021;178:783–5.

	14.	 Bours MJL. Tutorial: A nontechnical explanation of the counterfactual 
definition of effect modification and interaction. J Clin Epidemiol. 
2021;134:113–24.

	15.	 Rahate PS, Kolte RA, Kolte AP, Lathiya VN, Gupta M, Chari S. Evaluation of 
stress, serum, and salivary ghrelin and cortisol levels in smokers and non-
smokers with Stage III periodontitis: A cross-sectional study. J Periodontol. 
2022;93:1131–40.

	16.	 Zhang H, Chen B, Pan C, Zhang A. To evaluate the serum cortisol, salivary 
cortisol, and serum interleukin-1 B level in patients of chronic periodon-
titis with smoking and stress and without smoking and stress. Medicine 
(Baltimore). 2021;100: e26757.

	17.	 Lee M, Choi Y-H, Sagong J, Yu S, Kim Y, Lee D, et al. The interactive associa-
tion of smoking and drinking levels with presence of periodontitis in 
South Korean adults. BMC Oral Health. 2016;16:80.

	18.	 ALHarthi SSY, Natto ZS, Midle JB, Gyurko R, O’Neill R, Steffensen B. 
Association between time since quitting smoking and periodontitis in 
former smokers in the National Health and Nutrition Examination Surveys 
(NHANES) 2009 to 2012. J Periodontol. 2009;90:16–25.

	19.	 Larvin H, Kang J, Aggarwal VR, Pavitt S, Wu J. Systemic Multimorbidity 
Clusters in People with Periodontitis. J Dent Res. 2022;101:1335–42.

	20.	 Wright DM, McKenna G, Nugent A, Winning L, Linden GJ, Woodside JV. 
Association between diet and periodontitis: a cross-sectional study of 
10,000 NHANES participants. Am J Clin Nutr. 2020;112:1485–91.

	21.	 Tian X, Xue B, Wang B, Lei R, Shan X, Niu J, et al. Physical activity reduces 
the role of blood cadmium on depression: A cross-sectional analysis with 
NHANES data. Environ Pollut. 2022;304: 119211.

	22.	 Phillips JA. Dietary Guidelines for Americans, 2020–2025. Workplace 
Health Saf. 2021;69:395–395.

	23.	 Qi X, Li Y, Fang C, Jia Y, Chen M, Chen X, et al. The associations between 
dietary fibers intake and systemic immune and inflammatory biomarkers, 
a multi-cycle study of NHANES 2015–2020. Front Nutr. 2023;10:1216445.

	24.	 Minhas AMK, Jain V, Li M, Ariss RW, Fudim M, Michos ED, et al. Family 
income and cardiovascular disease risk in American adults. Sci Rep. 
2023;13:279.

	25.	 Weintraub JA, Lopez Mitnik G, Dye BA. Oral Diseases Associated with 
Nonalcoholic Fatty Liver Disease in the United States. J Dent Res. 
2019;98:1219–26.

	26.	 He K, Pang T, Huang H. The relationship between depressive symptoms 
and BMI: 2005–2018 NHANES data. J Affect Disord. 2022;313:151–7.

	27.	 Guan Z, Ma L, Wu C. Association between Serum Klotho and Physical 
Frailty in Middle-Aged and Older Adults: Finding From the National 
Health and Nutrition Examination Survey. J Am Med Dir Assoc. 
2023;24:1173–1178.e2.

	28.	 Leite FRM, Nascimento GG, Baake S, Pedersen LD, Scheutz F, López R. 
Impact of Smoking Cessation on Periodontitis: A Systematic Review and 
Meta-analysis of Prospective Longitudinal Observational and Interven-
tional Studies. Nicotine Tob Res. 2019;21:1600–8.

	29.	 Souto MLS, Rovai ES, Villar CC, Braga MM, Pannuti CM. Effect of smoking 
cessation on tooth loss: a systematic review with meta-analysis. BMC Oral 
Health. 2019;19:245.

	30.	 Dietrich T, Maserejian NN, Joshipura KJ, Krall EA, Garcia RI. Tobacco Use 
and Incidence of Tooth Loss among US Male Health Professionals. J Dent 
Res. 2007;86:373–7.

	31.	 Aleksejuniené J, Holst D, Eriksen HM, Gjermo P. Psychosocial stress, life-
style and periodontal health. J Clin Periodontol. 2002;29:326–35.

	32.	 Coelho JMF, Miranda SS, da Cruz SS, Trindade SC, Passos-Soares J de S, 
Cerqueira E de MM, et al. Is there association between stress and peri-
odontitis? Clin Oral Invest. 2020;24:2285–94.

	33.	 Magán-Fernández A, Rasheed Al-Bakri SM, O’Valle F, Benavides-Reyes C, 
Abadía-Molina F, Mesa F. Neutrophil Extracellular Traps in Periodontitis. 
Cells. 2020;9:1494.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Independent and combined effects of smoking, drinking and depression on periodontal disease
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Methods
	Study design and populations
	Periodontitis assessment (outcomes)
	Depression, drinking, smoking (exposures)
	Covariates assessment
	Statistical analysis

	Results
	Demographic and periodontal characteristics
	Independent effect of smoking, drinking and depression on periodontitis
	Interactive effects of drinking and depression on periodontitis
	Interactive effects of smoking and frequency of drinking on periodontitis

	Discussion
	Conclusion
	Acknowledgements
	References


