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A B S T R A C T   

The aim of the current study is to investigate the association between periodontitis (exposure variable) and 
depression severity (outcome variable) in an older German population. We evaluated data from 6,209 partici
pants (median age 62 years) of the Hamburg City Health Study (HCHS). The HCHS is a prospective cohort study 
and is registered at ClinicalTrial.gov (NCT03934957). Depression severity were assessed with the 9-item Patient 
Health Questionnaire (PHQ-9). Periodontal examination included probing depth, gingival recession, plaque 
index, and bleeding on probing. Descriptive analyses were stratified by periodontitis severity. Multiple linear 
regression models were adjusted for age, sex, diabetes, education, smoking, and antidepressant medication. 
Linear regression analyses revealed a significant association between log-transformed depression severity and 
periodontitis when including the interaction term for periodontitis * age, even after adjusting for age, sex, 
diabetes, education, smoking and antidepressant medication. We identified a significant association between 
severe periodontitis and elevated depression severity, which interacts with age. Additionally, we performed a 
linear regression model for biomarker analyses, which revealed significant associations between depression 
severity and severe periodontitis with log-transformed inflammatory biomarkers interleukin 6 (IL-6) and high- 
sensitivity C-reactive protein (hsCRP). In order to identify new therapeutic strategies for patients with depres
sion and periodontal disease, future prospective studies are needed to assess the physiological and psychosocial 
mechanisms behind this relationship and the causal directionality.   

1. Introduction 

Analyses of the Global Burden of Disease database revealed an 
incident increase of depression from 1990 to 2017 by 49.86% (Liu et al., 
2020). In absolute numbers, this means about 322 million people 
worldwide suffer from depression (World Health, 2017; Wittchen et al., 
2011). Depression is a well identified risk factor for general health, 
including cardiovascular health (Goldstein et al., 2015), cognitive 

dysfunction (MacQueen and Memedovich, 2017), insomnia (Murphy 
and Peterson, 2015), fatigue (Ghanean et al., 2018) and a weakened 
immune system (Gabbay et al., 2009). 

Depression can also affect oral health. A recent published review 
demonstrated that depression increased the odds for dental caries (OR 
1.27; 95% CI 1.13–1.44) and tooth loss (OR 1.31; 95% CI 1.24–1.37) 
(Cademartori et al., 2018). 

Associations between depression and oral health might be explained 
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by behavioral patterns. For example, patients suffering from depression 
present different dietary habits (Molendijk et al., 2018) and tend to show 
insufficient oral health behavior (Park et al., 2014). In recent publica
tions, however, an opposite direction of action has been discussed. Pa
tients with major depressive disorder differed significantly in their 
pro-inflammatory cytokine levels, e.g. interleukin 6 (IL-6), tumor ne
crosis factor α (TNF-α), interleukin 1β (IL-1β), high-sensitivity C-reactive 
protein (hsCRP), compared to matched controls (Liu et al., 2012). 
Periodontitis, characterized by chronic inflammation of the tooth sur
rounding tissue, is a significant source of systemic inflammatory mole
cules (Hashioka et al., 2018) and contributes to the overall inflammatory 
“pool” in the body. A second possible pathway is the direct invasion of 
periodontal pathogens and their inflammatory products into the brain 
through infection of the trigeminal and olfactory nerve (Dominy et al., 
2019). Interestingly, patients with chronic apical periodontitis showed 
strong correlation between root canal endotoxin levels (lipopolysac
charides (LPS)) and depression severity (Gomes et al., 2018). High levels 
of LPS might be one possible link between periodontitis and depression 
(Hashioka et al., 2018). Yet, the association between oral health and 
depression in Germany has so far only been demonstrated in one lon
gitudinal study with 310 patients with chronic and aggressive peri
odontitis (Ehrenthal et al., 2016). Higher tooth loss at the beginning of 
the examination was significantly associated with higher scores of 
depression severity. In light of the restricted knowledge, the aim of the 
current study is to investigate the association between periodontitis 
(exposure variable) and depression severity (outcome variable) in a 
large German population of older adults. 

2. Materials and methods 

2.1. Subjects, study design and setting 

The Hamburg City Health Study (HCHS) is a prospective, long-term, 
population-based, cohort study conducted at the University Medical 
Center Hamburg-Eppendorf (UKE). The local ethics committee of the 
Medical Association of Hamburg approved the study protocol (PV5131) 
and it is registered at ClinicalTrial.gov (NCT03934957). The HCHS aims 
to collect health-related data from 45,000 citizens (aged 45–75 years) 
from the greater area of Hamburg to gather information regarding the 
disease burden of the older northern population (Jagodzinski et al., 
2020). Available were the baseline-data from the first 10,000 partici
pants recruited between February 2016 and November 2018. Of these, n 
= 6,209 subjects had received a full dental examination. Full depression 
screening was available for n = 8,888 subjects and hsCRP analysis was 
available for n = 9,395 subjects of the 10,000 screened participants. IL-6 
analysis was performed for the first n = 5,000 HCHS participants and 
data was available for n = 4,949 subjects. In total, n = 5,591 participants 
presented full periodontal examination and depression screening and 
were selected for analysis. Exclusion criteria for the current study were: 
no periodontal examination (n = 3,791) and no documentation of the 
9-item Patient Health Questionnaire (PHQ-9; n = 1,112) (Kroenke et al., 
2001), which screens adult patients for the presence and severity of 
depression. 

2.2. Assessment of dental variables 

All participants received a full dental examination, performed by 
trained and calibrated study nurses under supervision of a trained 
dentist. Oral examination included: a full dental status, probing depth 
(mm, 6 sites per tooth), gingival recession (mm, 6 sites per tooth), 
determination of the plaque index (2 sites per tooth), and the bleeding 
on probing index (BOP-Index) (2 sites per tooth; PCP-12 probe). Sub
sequently, secondary variables were calculated, such as DMFT-Index 
(number of decayed, missing, filled teeth) and the clinical attachment 
loss (CAL) (sites/mouth CAL≥3 mm). All participants were then cate
gorized in one out of three severity levels of periodontitis (Eke et al., 

2012): (Liu et al., 2020) no periodontitis/mild periodontitis, (World 
Health, 2017) moderate periodontitis, and (Wittchen et al., 2011) severe 
periodontitis. 

2.3. Assessment of depression severity 

The 9-item Patient Health Questionnaire (PHQ-9) corresponds to the 
depression module of the PHQ-D and comprises nine items assessing the 
severity of depressive symptoms. It is a reliable and valid measure of 
depression severity and each item of the PHQ-9 captures one of the nine 
criteria of the Diagnostic and Statistical Manual of Mental Disorders, 
fifth edition (DSM-V), for the diagnosis of "major depression" (Kroenke 
et al., 2001; Association, 2013). Based on participant response (0 = not 
at all; 1 = several days; 2 = more than half the days; 3 = nearly every 
day), a total depression score ranging from 0 to 27 was obtained. Higher 
scores indicate increased depression severity. The PHQ-9 scores are 
divided into five categories of depression: none (<5); minimal (Mac
Queen and Memedovich, 2017; Murphy and Peterson, 2015; Ghanean 
et al., 2018; Gabbay et al., 2009; Cademartori et al., 2018); mild 
(10–14); moderate (15–19); and severe (>19) (Kroenke et al., 2001). 
The validated German version of the PHQ-9 was used to determine 
depression severity among the respondents (Löwe et al., 2004). It was 
self-completed by the patient in electronic or written form. 

2.4. Assessment of biomarkers 

Venous blood samples of all HCHS participants were obtained under 
fasting conditions. Samples were processed and stored at − 80 ◦C until 
subsequent usage. IL-6 (mg/l) was measured in EDTA plasma using the 
Human IL-6 Quantikine HS ELISA Kit (R&D Systems) with an assay 
range of 0.2–10 pg/mL. Coefficient of variation (CV) were as follows: 
intra CV% 2,47, inter CV% 10.08. hsCRP (mg/l) was determined by 
immunoturbidimetric method with reagents of Siemens Healthcare Di
agnostics on the Atellica CH Analyzer, Siemens Healthineers, Erlangen, 
Germany. 

2.5. Assessment of additional variables 

The following information on confounding variables were retrieved 
from the HCHS database for all participants: sex, age (in years), edu
cation (according to the International Standard Classification of 
Education-97 (ISCED-97) (Co-operation OfE, 1999)), body mass index 
(BMI) (in kg/m2), smoking (current smoker), diabetes (positive 
self-declaration and/or taking medication of the A10 group (insulin and 
analogues), and/or fasting glucose >126 mg/dL, not fasting glucose 
>200 mg/dL), HBA1C (in %), alcohol consumption (in g per day), 
medication intake (yes), number of medication, and intake of antide
pressant medication (yes), such as non-selective monoamine reuptake 
inhibitors or selective serotonin reuptake inhibitor. 

2.6. Statistical analyses 

Descriptive analyses were stratified by periodontitis severity 
(Table 1) and by depression severity (Table 2). Continuous variables are 
displayed as median and interquartile range [median (IQR)]. Categori
cal variables are displayed as absolute numbers and percentages [n (%)]. 
Within-group differences were calculated using the Chi-squared test for 
categorical variables and the Kruskal-Wallis test for continuous vari
ables. To determine the association between periodontitis (exposure) 
and depression severity (outcome), linear regression models were 
applied (Table 3). We used a log (1 + x) transformation for depression 
severity and adjusted for age, sex, diabetes, education, smoking, and 
antidepressant medication. Due to the opposite distribution of exposure 
and outcome, an interaction term (periodontitis * age) was used in the 
regression model. Lastly, we performed linear regression models for 
biomarker analyses (outcome = biomarkers IL-6 and hsCRP) (Table 4). 

C. Walther et al.                                                                                                                                                                                                                                

http://ClinicalTrial.gov


Brain, Behavior, & Immunity - Health 34 (2023) 100689

3

All statistical analyses were performed using the computing software R 
(Version 4.0.3) with standard p-value <.05 for statistical significance. 

3. Results 

3.1. Descriptive analyses 

Table 1 displays descriptive characteristics of the periodontitis 
cohort (n = 6,209). 1,453 participants had either none or mild peri
odontitis, 3,580 had moderate and 1,176 presented severe periodontitis. 

When compared to participants to none/mild periodontitis, participants 
with severe periodontitis were more frequently older men (median age 
59 vs. 66 years and 40% vs. 61% males), with more cardiovascular risk 
factors (BMI, smoking and diabetes), higher inflammatory biomarker 
levels (IL6 and hsCRP) and higher overall medication intake (Table 1). 
Participants with severe levels of depression were more frequently 
women (62% vs. 35%) and of younger age (58 vs. 65 years) when 
compared to participants with no depression (Table 2). 

Table 1 
Descriptive characteristics of periodontitis cohort.  

Characteristics Overall, N = 5,591a Periodontitis P-valueb 

None/mild, N = 1,310a Moderate, N = 3,239a Severe, N = 1,042a 

Sociodemographics 
Sex     <0.001 

Male 2,778 (50%) 535 (41%) 1,605 (50%) 638 (61%)  
Female 2,813 (50%) 775 (59%) 1,634 (50%) 404 (39%)  

Age 62.0 (55.0,69.0) 58.0 (52.0,66.0) 62.0 (55.0,69.0) 66.0 (59.0,71.0) <0.001 
Education     <0.001 

Low 221 (4.1%) 36 (2.8%) 134 (4.3%) 51 (5.1%)  
Medium 2,641 (49%) 597 (47%) 1,519 (49%) 525 (53%)  
High 2,528 (47%) 639 (50%) 1,470 (47%) 419 (42%)  
Missing 201 38 116 47  

Risk factors 
BMI 26.0 (23.5,29.0) 25.6 (23.0,28.7) 26.0 (23.5,29.0) 26.4 (24.1,29.5) <0.001 
Missing 291 75 153 63  

Smoking 992 (18%) 208 (16%) 532 (17%) 252 (24%) <0.001 
Missing 30 5 19 6  

Diabetes 392 (7.6%) 73 (5.9%) 214 (7.2%) 105 (11%) <0.001 
Missing 426 66 275 85  

Alcohol consumption last 12 month     0.194 
Never 362 (7.9%) 86 (7.7%) 200 (7.6%) 76 (9.3%)  

Once per month or less 794 (17%) 202 (18%) 450 (17%) 142 (17%)  
2–4 times/month 1,187 (26%) 282 (25%) 684 (26%) 221 (27%)  
2–3 times/week 1,226 (27%) 298 (27%) 741 (28%) 187 (23%)  
4 times/week or more 1,004 (22%) 246 (22%) 565 (21%) 193 (24%)  
Missing 1,018 196 599 223  

Alcohol consumption g/day 9.8 (2.8,23.3) 9.4 (2.7,21.6) 9.6 (2.8,23.2) 10.7 (2.9,27.0) 0.088 
Missing 203 43 113 47  

Biomarkers 
HBA1C 5.50 (5.30,5.70) 5.50 (5.30,5.70) 5.50 (5.30,5.80) 5.60 (5.30,5.80) <0.001 

Missing 191 40 119 32  
IL6 1.56 (1.13,2.18) 1.44 (1.01,2.05) 1.55 (1.14,2.15) 1.73 (1.32,2.44) <0.001 

Missing 2,683 606 1,566 511  
hsCRP 0.11 (0.06,0.25) 0.10 (0.06,0.23) 0.11 (0.06,0.24) 0.13 (0.07,0.29) <0.001 

Missing 337 80 203 54  
Depression 
Depression severity (PHQ-9)     0.121 

None 1,100 (20%) 227 (17%) 653 (20%) 220 (21%)  
Minimal 2,886 (52%) 673 (51%) 1,672 (52%) 541 (52%)  
Mild 1,280 (23%) 337 (26%) 717 (22%) 226 (22%)  
Moderate 254 (4.5%) 55 (4.2%) 156 (4.8%) 43 (4.1%)  
Severe 71 (1.3%) 18 (1.4%) 41 (1.3%) 12 (1.2%)  

Medication 
Medication intake 4,197 (79%) 993 (78%) 2,416 (78%) 788 (80%) 0.385 

Missing 246 29 161 56  
Number of medication 5.0 (3.0,9.0) 4.0 (2.0,8.0) 5.0 (3.0,9.0) 6.0 (3.0,10.0) 0.003 

Missing 1,410 324 831 255  
Antidepressant medication 311 (5.8%) 91 (7.1%) 173 (5.6%) 47 (4.8%) 0.048 

Missing 246 29 161 56  
Dental parameters 
Number of missing teeth 2.0 (1.0,5.0) 2.0 (0.0,4.0) 2.0 (1.0,5.0) 4.0 (1.0,8.0) <0.001 
DMFT-Index 19.0 (15.0,23.0) 17.0 (14.0,21.0) 19.0 (16.0,23.0) 21.0 (17.0,24.0) <0.001 
Sites/mouth CAL ≥ 3 mm 36.3 (19.8,57.2) 12.5 (6.4,20.8) 38.1 (25.6,53.3) 68.5 (53.9,83.3) <0.001 

Missing 2 0 2 0  
BOP Index 7.7 (1.9,20.4) 2.1 (0.0,7.1) 8.3 (2.2,19.2) 21.2 (9.6,42.1) <0.001 

Missing 77 33 42 2  
Plaque Index 7.7 (0.0,27.3) 0.0 (0.0,11.1) 8.3 (0.0,27.3) 22.2 (5.6,55.9) <0.001 

Missing 78 8 51 19  

Abbreviations: BMI = Body-Mass-Index, BOP = Bleeding on Probing, CAL = Clinical attachment loss, hsCRP = high-sensitivity C-reactive proteine, DMFT = Decayed 
Missing Filled Teeth, IL-6 = Interleukin − 6, PHQ-9 = 9-item Patient Health Questionnaire. 

a n (%); Median (25%,75%). 
b Pearson’s Chi-squared test; Kruskal-Wallis rank sum test. 
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3.2. Regression analyses 

Linear regression analyses revealed a significant association between 
severe periodontitis and log-transformed depression severity (β = 0.72 
[0.21–1.23], p = .006) when including the interaction term severe 
periodontitis * age (β = -0.01 [− 0.02—0.00], p = .006) and adjusting for 
age, sex, diabetes, education, smoking and antidepressant medication 
(Table 3). Linear regression model for biomarker analyses revealed 
significant association between depression severity (β = 0.01 
[0.01–0.02]; 0.02 [0.01–0.03]; both p < .001) and severe periodontitis 
(β = 0.12 [0.06–0.18]; 0.16 [0.07–0.24]; both p < .001) with log- 
transformed inflammatory biomarkers IL-6 and hsCRP (Table 4). 

4. Discussion 

4.1. Main findings 

Severe periodontitis was more prevalent in older men, while 
depression severity was higher in woman compared to men. Our 
regression analyses demonstrated a significant association between se
vere periodontitis and log-transformed depression severity when 
including the interaction term periodontitis * age. Additionally, 
depression and periodontitis severity were significantly positively 
associated with the inflammatory biomarkers IL-6 and hsCRP. 

4.2. Previous research and possible explanations 

The results of the current study are in line with previously published 
cross-sectional data from the United States of America (Aldosari et al., 
2020) and longitudinal data from Taiwan (Hsu et al., 2015). Both sur
veys revealed a significant association between periodontitis and 
depression severity, even after adjustments for several confounding 
factors (age, sex, race/ethnicity, education, income, cigarette smoking, 
heavy alcohol consumption, psychotherapeutic medications, diabetes, 
depression-associated comorbidities). Controversially, a systematic re
view and meta-analysis from 2016 assessed fifteen cross-sectional 
studies and could not confirm the association between periodontitis 
and depression (Araújo et al., 2016). This could be due to the high 
heterogeneity among the included studies, with different instruments 
used to assess depression severity and varying age groups. Furthermore, 
Nolde et al. (2022) aimed to clarify the shared genetic background be
tween periodontitis and depression, using summary statistics from 
published genome wide associations studies (GWAS). The authors only 
found weak genetic correlation between depression and periodontitis 
and bidirectional causality of both entities could not be confirmed 
(Nolde et al., 2022). 

Another possible reason for those mixed findings is the following. 
During the analyses of the data, we were facing a major difficulty: 

Depression severity and periodontitis among the participants were un
equally distributed. This has already been reported in the literature: 
with higher prevalence rates of depression among younger females 
(Kuehner, 2003; Silverstein, 2002; Karger, 2014) and more prevalent 
cases of periodontitis among older males (Holde et al., 2017; Ju et al., 
2021). Thus, the variable “age” seems to influence the relationship be
tween periodontitis and depression. Consequently, we decided to apply 
an interaction term “periodontitis * age” in our regression models. The 
interaction term can be explained as follows: according to model 3 in 
Table 3 (adjusted for age and sex) the outcome variable (log-
transformed depression severity) will increase by the factor 0.84 for 
participants with severe periodontitis compared to participants with 
none/mild periodontitis. Further, we have to consider the interaction 
term severe periodontitis * age = − 0.01 * e.g. 55 years, which decreases 
the effect to 0.29 (result of subtracting 0.84–0.55). For participants of 45 
years of age the difference between none/mild or severe periodontitis is 
0.84–0.45 = 0.39. In summary, the older the person, the larger the 
interaction term and the smaller the subtraction of the two. Hence, the 
variable “age” presents a protective effect on depression severity in 
participants with severe periodontitis. To the best of our knowledge, this 
is the first study in this field of research applying this interaction term 
and therefore acknowledging the effect of age on the relationship be
tween depression severity and periodontitis. 

Two underlying mechanisms of this association have been discussed: 
Periodontal disease may increase the risk for depression severity 
through psychological effects (Dumitrescu, 2016; Hashioka et al., 2019). 
For example, periodontitis has been associated with poorer oral hygiene 
and oral halitosis (De Geest et al., 2016; Tsai et al., 2008), which in turn 
often leads to feelings of shame and embarrassment, which reduces the 
patient’s quality of life (Dumitrescu, 2016; Bale et al., 2004; Durham 
et al., 2013). Additionally, tooth loss (the clinical endpoint of peri
odontal disease manifestation) (Kassebaum et al., 2014; Romandini 
et al., 2021) may impair the patient’s body image and diminish 
self-esteem, which as a result may lead to isolation and loneliness 
(Nordenram et al., 2013) constituting risk factors for depression. The 
effect of tooth loss on depression severity seems to be greater in younger 
age groups. Older people might consider the loss of teeth as a naturally 
occurring change with ageing to which they have adapted (MacEntee 
et al., 1997; Matsuyama et al., 2021). Moreover, studies on the attitude 
of different age groups on the appearance of teeth show that dental 
aesthetics are not as important among older in comparison to younger 
patients (Vallittu et al., 1996; Strajnić et al., 2016). As shown in a study 
from the United Kingdom, older patients were more satisfied with their 
dental appearance than younger age groups (Alkhatib et al., 2005). 
Thus, these factors might explain the protective effect of age on 
depression severity and therefore the weaker psychological effects 
among older patients. 

Another possible pathway is that periodontal disease may increase 

Table 2 
Descriptive statistics for different levels of depression severity.  

Characteristics Overall, N = 5,591a Depression severity (PHQ-9) P-valueb 

None, N = 1,100a Minimal, N = 2,886a Mild, N = 1,280a Moderate, N = 254a Severe, N = 71a 

Sociodemographics 
Sex       <0.001 

Male 2,778 (50%) 715 (65%) 1,418 (49%) 524 (41%) 91 (36%) 30 (42%)  
Female 2,813 (50%) 385 (35%) 1,468 (51%) 756 (59%) 163 (64%) 41 (58%)  

Age 62.0 (55.0,69.0) 65.0 (57.0,70.0) 63.0 (55.0,69.0) 60.0 (54.0,68.0) 59.0 (55.0,65.0) 57.0 (53.5,62.0) <0.001 
Education 

Low 221 (4.1%) 31 (2.9%) 103 (3.7%) 66 (5.4%) 15 (6.4%) 6 (9.4%)  
Medium 2,641 (49%) 474 (44%) 1,369 (49%) 622 (51%) 138 (59%) 38 (59%)  
High 2,528 (47%) 563 (53%) 1,322 (47%) 541 (44%) 82 (35%) 20 (31%)  
Missing 201 32 92 51 19 7  

PHQ-9 = 9-item Patient Health Questionnaire. 
a n (%); Median (25%,75%). 
b Pearson’s Chi-squared test; Kruskal-Wallis rank sum test. 
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Table 3 
Linear regression for the association between periodontitis and depression severity (PHQ-9).   

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 

β p- 
value 

β p- 
value 

β p- 
value 

β p- 
value 

β p- 
value 

β p- 
value 

β p- 
value 

β p- 
value 

Moderate 
periodontitis 

− 0.05 
(− 0.10;0.00) 

.049 0.01 
(− 0.04;0.06) 

.766 0.30 
(− 0.06;0.66) 

.098 0.36 
(− 0.02;0.73) 

.060 0.29 
(− 0.09;0.66) 

.130 0.27 
(− 0.11;0.64) 

.166 0.30 
(− 0.07;0.67) 

.111 0.37 
(− 0.05;0.80) 

.083 

Severe 
periodontitis 

− 0.08 
(− 0.14;- 
0.02) 

.015 0.04 
(− 0.02;0.10) 

.229 0.84 
(0.35;1.32) 

.001 0.91 
(0.40;1.42) 

<.001 0.76 
(0.24;1.28) 

.004 0.67 
(0.15;1.19) 

.011 0.72 
(0.21;1.23) 

.006 0.72 
(0.13;1.31) 

.017 

Age   − 0.01 
(− 0.01;- 
0.01) 

<.001 − 0.01 
(− 0.01;- 
0.00) 

.006 − 0.01 
(− 0.01;- 
0.00) 

.007 − 0.01 
(− 0.01;- 
0.00) 

.003 − 0.01 
(− 0.01;- 
0.00) 

.006 − 0.01 
(− 0.01;- 
0.00) 

.004 − 0.01 
(− 0.02;- 
0.01) 

<.001 

Female sex   0.27 
(0.23;0.31) 

<.001 0.27 
(0.23;0.31) 

<.001 0.28 
(0.24;0.32) 

<.001 0.26 
(0.22;0.31) 

<.001 0.27 
(0.22;0.31) 

<.001 0.24 
(0.20;0.29) 

<.001 0.23 
(0.18;0.28) 

<.001 

Moderate 
periodontitis * 
Age     

− 0.00 
(− 0.01;0.00) 

.098 − 0.01 
(− 0.01;0.00) 

.059 − 0.00 
(− 0.01;0.00) 

.120 − 0.00 
(− 0.01;0.00) 

.149 − 0.00 
(− 0.01;0.00) 

.112 − 0.01 
(− 0.01;0.00) 

.081 

Severe 
periodontitis * 
Age     

− 0.01 
(− 0.02;- 
0.01) 

.001 − 0.01 
(− 0.02;- 
0.01) 

.001 − 0.01 
(− 0.02;- 
0.00) 

.004 − 0.01 
(− 0.02;- 
0.00) 

.009 − 0.01 
(− 0.02;- 
0.00) 

.006 − 0.01 
(− 0.02;- 
0.00) 

.016 

Diabetes       0.21 
(0.13;0.29) 

<.001 0.19 
(0.11;0.27) 

<.001 0.19 
(0.11;0.27) 

<.001 0.17 
(0.09;0.25) 

<.001 0.10 
(0.01;0.18) 

.021 

Education high         − 0.20 
(− 0.31;- 
0.09) 

<.001 − 0.19 
(− 0.30;- 
0.08) 

.001 − 0.17 
(− 0.28;- 
0.06) 

.002 − 0.18 
(− 0.30;- 
0.06) 

.003 

Smoking           0.11 
(0.05;0.16) 

<.001 0.09 
(0.03;0.14) 

.002 0.11 
(0.04;0.17) 

.001 

Antidepressant 
medication             

0.60 
(0.51;0.69) 

<.001 0.53 
(0.44;0.62) 

<.001 

Linear regression model with outcome = depression severity. * = Interaction term periodontitis with age. Adjusted for: age, sex, diabetes, education, smoking and antidepressive medication. None/mild periodontitis, Male 
sex and low educational level serve as reference and are not displayed in the table. PHQ-9 = 9-item Patient Health Questionnaire. 
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the risk for depression by being a significant source of systemic in
flammatory molecules. In our linear regression model for biomarker 
analyses, we found a significant positive association between depression 
severity and severe periodontitis with log-transformed inflammatory 
biomarkers IL-6 and hsCRP. Patients with severe periodontitis and 
higher PHQ-9 scores demonstrated significantly higher IL-6 and hsCRP 
levels. This is in line with other research, showing elevated levels of 
inflammatory biomarkers among periodontitis patients (Bretz et al., 
2005; Engebretson et al., 2007; Paraskevas et al., 2008). Moreover, 
other studies report an increase in inflammatory response among sub
jects with depression (Liu et al., 2012; Mac Giollabhui et al., 2021; 
Osimo et al., 2020). Periodontitis does not just cause local inflammation 
in the oral cavity, but through dissemination of inflammatory mediators 
and bacterial components may contribute to the inflammatory pool in 
the body, therefore contributing to extraoral diseases (Hoare et al., 
2019). Findings suggest an association between systemic inflammation 
and a higher risk to be affected by depression (Frank et al., 2021; 
Milaneschi et al., 2021; Li et al., 2023). One hypothesis is that bacteria 
from the periodontal pocket - such as Poryphyromonas gingivalis, which 
has previously been associated with cognitive impairment in the elderly 
(Poole et al., 2013) - can gain access to the blood circulation, which 
results in the translocation of pathogenic products from the mouth to the 
brain through the blood-brain barrier (Kamer et al., 2008; Martínez 
et al., 2021). A recent published systematic review assessed biomarkers 
common for periodontitis and depression, in order to address the 
question on how oral (peripheral) inflammation can induce neuro
immune response. The authors confirmed the association between 
depression and periodontitis and also the inflammatory contribution to 
each disease. Nevertheless, they conclude that only limited evidence is 
available to acknowledge a causal pathway between depression and 
periodontitis (Neupane et al., 2022). 

Vice versa, depression might also increase the risk for periodontitis. 
For example, depression has been associated with unhealthy dietary 
habits (Molendijk et al., 2018; Ljungberg et al., 2020; Lang et al., 2015; 
Paans et al., 2018; Kris-Etherton et al., 2021; Liu et al., 2007) as well as a 
lack of sufficient oral health behavior (Park et al., 2014; Kisely et al., 
2016; Tiwari et al., 2021), which leads to an increased risk of peri
odontal disease. 

4.3. Strengths and limitations 

To our knowledge, this is the first study to introduce an interaction 
term (periodontitis * age), which takes the opposite distribution of 
exposure and outcome - severe periodontitis more frequently among 
older men and higher depressive severity among younger women – into 
account. However, since this is a cross-sectional study, we cannot 

establish the directionality of the association or confirm true causality. 
The validity of the PHQ-9 and adequacy for the general German popu
lation has been shown in previous publications (Martin et al., 2006; 
Reich et al., 2018; Spangenberg et al., 2012; Kocalevent et al., 2013). For 
instance, among a representative sample of the general population in 
Germany with 2,066 subjects that filled in the PHQ-9, results supported 
the construct validity of the depression scale (Martin et al., 2006). The 
HCHS cohort consists of middle-aged, mostly white Caucasian subjects. 
Thus, our findings cannot be generalized to a much younger population 
or other ethnicities. 

5. Conclusion 

We identified a significant association between severe periodontitis 
and depression severity. In order to identify new therapeutic strategies 
for patients with depression and periodontal disease, future prospective 
studies are needed to assess the physiological and psychosocial mecha
nisms behind this relationship. 
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Table 4 
Linear regression for biomarker analyses.  

Linear Model for Biomarkers  

Outcome: log IL6 Outcome: log hsCRP  

β p- 
value 

β p- 
value 

Age 0.02 (0.01;0.02) <.001 0.01 
(0.01;0.02) 

<.001 

Depression severity 
(PHQ-9) 

0.01 (0.01;0.02) <.001 0.02 
(0.01;0.03) 

<.001 

Moderate 
periodontitis 

0.04 
(− 0.01;0.08) 

.106 0.04 
(− 0.03;0.11) 

.242 

Severe periodontitis 0.12 (0.06;0.18) <.001 0.16 
(0.07;0.24) 

<.001 

Female sex − 0.05 (− 0.09;- 
0.01) 

.013 0.02 
(− 0.04;0.07) 

.513 

Linear regression model with outcome = biomarker IL-6 and hsCRP. Adjusted 
for: age, depression severity, periodontitis and sex. None/mild periodontitis and 
male sex serve as reference and are not displayed in the table. PHQ-9 = 9-item 
Patient Health Questionnaire. 
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