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SUMMARY The purpose of this study was to

evaluate the relationships between the prevalence

of depression and dental pain using a well

characterised, nationally representative,

population-based study. This study analysed data

from the 2012 Korea National Health and

Nutrition Examination Survey (n = 4886). Oral

health status was assessed using the oral health

questionnaire, and oral examination was

performed by trained dentists. Depression was

defined as the participant having been diagnosed

as depression during the previous year. Logistic

regression was applied to estimate adjusted odds

ratios (AOR) and 95% confidence intervals (CI),

controlling for a range of covariates. Results

demonstrated that participants included in ‘root

canal treatment is necessary’ showed higher

prevalence of self-reported dental pain; in

particular, participants with depression presented

more dental pain than those without depression.

After adjusting for sociodemographic factors, self-

reported dental pain increased in participants with

depression. The AOR (95% CI) for having self-

reported dental pain was 1�58 (1�08–2�33) in

dentists’ diagnosis of no dental pain/depression

group, 1�62 (1�32–1�98) in dentists’ diagnosis of

dental pain/no depression group and 2�84 (1�10–
7�37) in dentists’ diagnosis of dental pain/

depression group. It was concluded that

depression was associated with dental pain after

adjustment for potential confounders in Korean

adults. Thus, dentists should consider the possible

presence of psychopathology when treating

patients with dental pain.
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Introduction

Dental pain is caused by the stimulation of dental

pulp nerve fibres. Both neural and vascular structures

play a role in nociception. As a complex expression,

this defensive mechanism involves multiple systems

that contribute to its occurrence and regulation (1).

Pulpitis is usually the first clinical sign of pathology if

the insult is not removed to resolve the oedema

from inflammation. Persistent inflammation in a

low-compliance environment such as the dental pulp

elicits pain and eventually leads to total pulp

destruction (2).

Although psychological stress, anxiety and depres-

sion might often be ignored in assessing dental, ele-

vated levels of psychological factors have the potential

to intensify perceived pain, reduce an individual’s

capacity to tolerate pain and affect overall well-being

(3, 4). This is particularly applicable for chronic oro-

facial pain, which in several studies have been

strongly associated with stress in addition to other

psychological aspects (5, 6). Depression is one of the

© 2015 John Wiley & Sons Ltd doi: 10.1111/joor.12343

Journal of Oral Rehabilitation 2016 43; 51–58

J o u r n a l o f Oral Rehabilitation



most common psychiatric illnesses worldwide, with

heavy socio-economic and psychological burden. In

general, depression has been shown to be associated

with poor health outcomes such as disability, prema-

ture mortality, comorbidity with chronic disease, and

decreased quality of life worldwide (7–9).

In previous studies, depression was found to be

associated with periodontal destruction (10), poorer

perceived oral health and oral health concerns (11–

14). The proportion of depression is also significantly

higher in subjects with symptoms of temporo-

mandibular disorder (TMD) compared with asymp-

tomatic subjects (15–17). Among TMD symptoms,

those related to pain have the most significant rela-

tionship to depression rates (18). To the best of our

knowledge, there have been no reported studies of

the relationship of depression on dental pain in a

large population which would allow for analysis of

possible confounding factors such as age, sex, smoking

and oral health status.

The purpose of this study was to evaluate the rela-

tionships between prevalence of depression and den-

tal pain using a well characterised, nationally

representative, population-based study. Our hypothe-

sis was that prevalence of self-reported dental pain is

higher in participants with depression than controls

without depression.

Materials and methods

Survey overview and study subjects

This study analysed data from the 2012 Korea

National Health and Nutrition Examination Survey

(KNHANES), a nationwide survey that has been per-

formed since 1998 by the Division of Chronic Disease

Surveillance at the Korean Center for Disease Control

and Prevention (KCDC). The KNHANES, designed to

assess national health and nutritional levels, consists

of a health interview, health examination and a nutri-

tional assessment, which are carried out by trained

interviewers and examiners. The survey subjects were

randomly selected using stratified, multistage and

cluster-sampling designs, with proportional allocation

based on geographic area, sex and age from the 2005

National Census Registry to represent the entire non-

institutionalised civilian population in Korea.

The Oral Health Examination Survey was performed

by 30 Korea Centers for Disease Control public health

dentists. Public health dentists serve a 3-year period in

rural health centres in place of military service in

Korea. Dentists were trained in theoretical, photo-

graphic and modular education principles to obtain

reliable oral health interview data and clinical exami-

nation survey data. Dentists examined oral health only

and were not aware of other health interview survey

results. In the 4th simulated screening tests, the relia-

bility of trained dentists for dental status was 0�94
(range 0�86–0�98, s.d. 0�03).

All participants signed an informed consent form,

and this study was approved by the Institutional

Review Board of the Catholic University of Korea

(KC14EISI0468). Of the 5757 subjects aged 19 years

and over who participated in both a health interview

and a health examination, we excluded 891 subjects

with missing data. Thus, a total of 4866 individuals

were included in the general population group.

Oral health behaviours and status

Oral health behaviours such as daily toothbrushing

frequency, the use of oral hygiene devices (floss,

interdental brush and mouthwash) and the use of

oral health services were assessed. Daily toothbrush-

ing frequency was categorised into four groups: less

than once a day, once a day, twice a day and three or

more times a day. Answers regarding use of oral

hygiene devices were categorised into two groups: yes

and no. Questions on use of oral health services

included questions on oral health screening during

the previous year, and answers were categorised into

two groups: yes and no.

Periodontal status and caries of permanent teeth

were assessed clinically from an oral health examina-

tion. Oral health status was determined from an oral

health interview. Self-perceived oral health status was

assessed with a 5-point scale: participants with ‘very

poor’ or ‘poor’ oral health status were defined as

unhealthy, those with ‘fair’ health status were defined

as fair, and those with ‘good’ or ‘very good’ health

status were designated as healthy.

Sociodemographic variables

The sociodemographic characteristics in this study

included age (19–39, 40–64, ≥65), sex, body mass

index (BMI), physical activity, marital status, educa-

tion level (0–9 years, ≥10 years), employment status
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and monthly household income. In addition, partici-

pants were asked about current smoking status and

alcohol consumption during the previous year. In our

study, ‘Yes, I smoke’ and ‘I smoke occasionally’ were

categorised into the current-smoker group. In alcohol

consumption status, ‘two to three times a week’ and

‘more than four times a week’ were categorised into

the heavy-drinker group. Mental status such as stress,

melancholy, consultation with a psychiatrist, suicidal

thoughts and depression were also assessed.

Definition of self-reported dental pain

Dental pain was defined as a dull and aching tooth,

throbbing tooth pain, or pain in the teeth when con-

suming hot or cold drinks or foods during the previ-

ous year.

Definition of dentists’ diagnosis of dental pain

Dentists’ diagnosis of dental pain was assessed with

an 8-point scale. Participants with ‘1: no necessity for

dental treatment’, ‘2: restorative treatment is neces-

sary (1 surface)’, ‘3: restorative treatment is necessary

(2 surfaces)’ and ‘4: crown treatment is necessary’

were defined as no dental pain, and those with ‘5:

root canal treatment is necessary’, ‘6: extraction is

necessary due to unrestorable crown’, ‘7: extraction is

necessary due to periodontal origin’ and ‘8: extraction

is necessary due to other reasons’ were defined as

dental pain.

Measurements of depression

Depression was defined as the participant having been

diagnosed with depression during the previous year.

In the questionnaire, participants were asked, ‘Have

you ever been diagnosed with depression during the

previous year?’ Participants who answered ‘yes’ to

this question were defined as having depression.

Statistical analyses

Statistical analyses were conducted using SAS soft-

ware version 9.2* to account for the complex sam-

pling design and to provide nationally representative

prevalence estimates. All data were presented as

mean � s.d. for continuous variables and frequency

percentages for categorical variables. We compared

the differences in general characteristics between the

two groups according to the presence of depression

using the chi-square test for categorical data and the

Student’s t-tests for continuous data.

We used multiple logistic regression analyses to

examine the association between depression and self-

reported dental pain. The adjusted odds ratios (AOR)

and 95% confidence intervals (CI) for self-reported

dental pain were calculated using the dentists’ diagno-

sis of no dental pain/no depression group as the refer-

ence. Calculations were made adjusting for age, sex,

and sociodemographic factors, current smoking status,

and periodontitis. Model 1 included only basic vari-

ables (age and sex), and Model 2 included the vari-

ables in Model 1 with the addition of BMI, current

smoker and physical activity. Model 3 included

the variables in Model 2 with additional oral health

status factors such as periodontitis. Model 4 included

the variables in Model 3 with additional stress.

P-values of <0�05 were considered statistically

significant.

Results

General characteristics, including socio-economic fac-

tors and oral health factors, were related to self-re-

ported dental pain (Table 1). Age, current smoker,

employment status, mental status such as stress and

depression, periodontitis, caries of permanent teeth,

self-perceived oral health status and use of oral health

services affected the prevalence of self-reported dental

pain (P < 0�05).
In both groups, dentists’ diagnosis of no dental pain

and dentists’ diagnosis of dental pain, sex, marital sta-

tus, education level, employment status, income, cur-

rent smoker, periodontitis, self-perceived oral health

status and use of oral health services were signifi-

cantly different in participants with versus without

depression (P < 0�05) (Table 2).

In participants with dentists’ diagnosis of no dental

pain, subjects with depression showed significantly

higher prevalence of self-reported dental pain com-

pared to those without depression. In addition, in par-

ticipants with dentists’ diagnosis of dental pain, those

with depression also showed significantly higher

prevalence of dental pain compared to those without*SAS Institute Inc., Cary, NC, USA.
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depression (Fig. 1). Among the dentists’ diagnosis of

dental pain group, ‘category 5: root canal treatment is

necessary’ showed higher prevalence of self-reported

dental pain than other categories (Fig. 2). In particu-

lar, participants with depression showed a signifi-

cantly higher percentage of dental pain than those

without depression.

After adjusting for sociodemographic factors such as

age and sex (Model 1), self-reported dental pain

increased according to the following order, dentists’

diagnosis of no dental pain/no depression, dentists’

diagnosis of no dental pain/depression, dentists’ diag-

nosis of dental pain/no depression and dentists’ diag-

nosis of dental pain/depression. After adjusting for

BMI, current smoker and physical activity (Model 2),

the trend of dental pain was the same. Adding other

factors such as periodontitis, and stress (Model 4),

dentists’ diagnosis of no dental pain/depression, den-

tists’ diagnosis of dental pain/no depression and den-

tists’ diagnosis of dental pain/depression were 1�58
(1�08–2�33), 1�62 (1�32–1�98) and 2�84 (1�10–7�37),
respectively, and P for trend was <0�001 (Table 3).

Discussion

The purpose of this study was to investigate the asso-

ciation between depression and dental pain in a large

survey study in which potential confounding factors

could be controlled. We compared the prevalence of

self-reported dental pain according to the presence of

depression in the dentists’ diagnosis of dental pain

and no dental pain groups. We found that participants

with depression had a higher prevalence of self-re-

ported dental pain than participants without depres-

sion. Furthermore, depression was independently

associated with dental pain after adjustment for

potential confounders such as age, sex, smoking and

oral health status.

Depression is a common psychiatric disorder charac-

terised by a pessimistic sense of inadequacy and

despondency about the lack of activity. Depression

plays a very important role in chronic pain syn-

dromes, because it has the potential to intensify per-

ceived pain and reduce an individual’s capacity to

tolerate pain (19, 20). It is also associated with the

onset of some chronic pain conditions (21). Patients

with functional chronic pain syndromes, such as low

back pain, fibromyalgia and primary headache, often

suffer from depression, a fact that further points to a

link between depression and pain (22). The preva-

lence of depression in the population of patients with

chronic pain has been estimated to be 30–54% (15).

Many studies suggest that psychiatric conditions such

as depression and anxiety play a role in the predispo-

sition, initiation and perpetuation of TMD and in the

response of TMD patients to treatment (23–25).

Table 1. General characteristics, including socio-economic fac-

tors, mental status and oral health status related to participants’

self-reported dental pain

Self-reported dental pain

No

(n = 3134)

Yes

(n = 1732) P-value

Age (years) 45�6 � 16�1 44�1 � 15�9 0�004
Sex

Male 1335 (50�8) 786 (53�1) 0�197
Female 1799 (49�2) 946 (46�9)

Body mass index

(kg m�2)

23�7 � 3�5 24�0 � 3�9 0�185

Marital status (yes) 2324 (88�1) 1218 (87�2) 0�442
Current smoker 491 (21�1) 362 (27�3) 0�001
Heavy drinker 440 (18�7) 270 (20�2) 0�285
Physical activity (yes) 505 (18�2) 272 (16�7) 0�344
Education level (≥10) 2038 (73�4) 1118 (74�4) 0�521
Income

(lowest 25% quartile)

552 (13�5) 312 (14�6) 0�386

Employment status (yes) 1840 (64�2) 1074 (67�6) 0�041
Mental status

Stress 674 (23�2) 447 (26�9) 0�016
Melancholy 314 (9�7) 206 (11�2) 0�170
Suicidal thoughts 339 (10�2) 211 (11�2) 0�318
Consultation with

a psychiatrist

64 (1�9) 45 (2�5) 0�237

Depression 151 (3�7) 98 (5�5) 0�011
Periodontitis 646 (19�3) 540 (26�9) <0�001
Caries of permanent

teeth (≥1 tooth)

2803 (88�5) 1636 (94�7) <0�001

Self-perceived oral health status

Healthy 555 (16�7) 133 (6�6) <0�001
Fair 1411 (46�6) 548 (31�4)
Unhealthy 165 (36�7) 1050 (62)

Use of oral health

services (yes)

696 (22�1) 483 (28�5) <0�001

Daily toothbrushing frequency

0 375 (12�3) 211 (12�7) 0�682
1 832 (27�2) 480 (28�9)
2 1079 (34�4) 591 (33�7)
3 847 (26�2) 449 (24�7)

Use of oral hygiene

devices (yes)

1380 (44�1) 794 (47�4) 0�062

Data are presented as the means � s.d., or number (%).
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Our data demonstrated a link between dental pain

and depression. Although the causal direction of

depression and pain is unclear, many theories have

been developed to explain the possibility of comorbid-

ity of pain and depression. In psychodynamic perspec-

tives, pain is regarded as a defence against unresolved

emotional conflict and chronic pain in the absence of

an obvious cause is suggested as a variant of depression

(26). There is now abundant biological evidence that

depression is a kind of inflammatory disorder, indicated

by increased levels of acute phase proteins, such as

C-reactive protein (CRP), as well as pro-inflammatory

cytokines including interleukins and tumour necrosis

factor (27–29). These cytokines mediate peripheral sen-

sitisation of dental pain. Furthermore, inflammatory

cytokines aggravate depressive symptoms. Because ele-

vations in the levels of several cytokines and CRP have

been reported in patients with poor oral health status,

Table 2. Differences in self-reported dental pain between participants with and without depression in both groups, dentists’ diagnosis

of no dental pain and dentists’ diagnosis of dental pain

Dentists’ diagnosis of no dental pain Dentists’ diagnosis of dental pain

P-value

No depression

(n = 3794)

Depression

(n = 210)

No depression

(n = 823)

Depression

(n = 39)

Age (years) 45�1 � 15�9 48�6 � 15�4 43�9 � 16�7 46�1 � 15�8 0�375
Sex

Male 1652 (51�6) 34 (21�2) 426 (58�3) 9 (34�7) <0�001
Female 2142 (48�4) 176 (78�8) 397 (41�7) 30 (65�3)

Body mass index (BMI) 23�8 � 3�5 24�1 � 3�6 23�9 � 4�4 24�3 � 5�1 0�879
Physical activity (yes) 641 (18�6) 33 (13�9) 97 (14�3) 6 (18�7) 0�098
Marital status (yes) 2818 (89�1) 147 (73�8) 552 (85�1) 25 (87�3) <0�001
Education level (≥10) 2511 (74�4) 100 (58�9) 525 (74�2) 20 (69�5) 0�002
Employment status (yes) 2292 (65�9) 82 (46�3) 526 (68�4) 14 (43�6) <0�001
Income (lowest 25% quartile) 628 (13) 54 (22�7) 173 (15�7) 9 (16�4) 0�009
Current smoker 606 (21�9) 20 (20�8) 211 (30�3) 8 (24�1) 0�001
Heavy drinker 537 (18�9) 20 (14�2) 147 (21�5) 6 (23�1) 0�313
Periodontitis 868 (20�6) 29 (14�6) 278 (29�5) 11 (27�7) <0�001
Self-perceived oral health status

Healthy 610 (14�7) 20 (8) 57 (7�2) 1 (2�4) <0�001
Fair 1645 (44�8) 81 (34�8) 223 (27�2) 10 (20�2)
Unhealthy 1535 (40�5) 109 (57�2) 543 (65�6) 28 (77�4)

Use of oral health services (yes) 972 (26) 41 (17�6) 157 (19�6) 9 (28�5) 0�002

Data are presented as the means � s.d., or number (%).
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Fig. 1. Prevalence of self-reported

dental pain in participants with and

without depression in both groups,

dentists’ diagnosis of no dental pain

and dentists’ diagnosis of dental

pain (P for trend <0�001). Bars

represent s.d.
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it is possible that a bidirectional relationship exists

between pain and depression (30, 31). In this study,

stress was also significantly related with dental pain

(Table 1). However, after adjusting for stress, partici-

pants with depression presented more self-reported

dental pain compared to those without depression

(Table 3, Model 4).

Prevalence of self-reported dental pain was higher

in groups with dentists’ diagnosis of dental pain than

the groups with dentists’ diagnosis of no dental pain

(Fig. 1). In particular, participants needing root canal

treatment showed high prevalence of self-reported

dental pain (Fig. 2). In the participants with advanced

caries which has reached to dental pulp in combina-

tion with depression, the pain-perception threshold

might be decreased. Depression may be associated

with pulpal disease through a change in HPA (hy-

pothalamus–pituitary–adrenal) axis activity leading to

an alteration in the host response, thus causing a sup-

pressive effect on the immune system (32, 33).

In participants with depression showed significant

lower education level, lower income, lower use of

oral health services and current smoker (Table 2). In

previous studies, depression was associated with oral

health behaviours and oral health status (13, 14, 34).

Therefore, cognitive-behavioural factors, as is well

known, may play an important role between depres-

sion and dental pain. In cognitive-behavioural per-

spectives, pain and depression may be related each

other through the way of expressing individual illness

and adaptation (35). Moreover, individuals experienc-

ing stress or depression may smoke more frequently,

neglect oral hygiene or reduce compliance with dental

care.

Some limitations have to be considered in a discus-

sion of the results of this study. First, the use of cross-

sectional survey data in a relatively short-term period

did not exclude the possibility of temporal relation-

ships. Thus, direct correlation of these associations

could not be established. Second, self-reported

Fig. 2. Prevalence of self-reported

dental pain in participants with and

without depression by each category

of dentists’ diagnosis of dental pain

(categories 1–4: only restorative

treatment is necessary; category 5:

root canal treatment is necessary;

category 6–8: extraction is necessary).

Different letters represent statistically

significant differences (P < 0�05) and

bars represent s.d.

Dentists’ diagnosis of no dental pain Dentists’ diagnosis of dental pain

P for

trend

No

depression Depression

No

depression Depression

Model 1 1 1�59 (1�12–2�27) 1�75 (1�43–2�13) 2�92 (1�22–7�02) <0�001
Model 2 1 1�53 (1�07–2�18) 1�71 (1�40–2�09) 2�84 (1�16–6�98) <0�001
Model 3 1 1�65 (1�13–2�40) 1�62 (1�32–1�98) 2�96 (1�13–7�75) <0�001
Model 4 1 1�58 (1�08–2�33) 1�62 (1�32–1�98) 2�84 (1�10–7�37) <0�001

Data are presented as AOR (95% CI).

Model 1, adjusted for age and sex.

Model 2, adjusted for age, sex, BMI, current smoker and physical activity.

Model 3, adjusted for age, sex, BMI, current smoker, heavy drinker, physical activity, peri-

odontitis.

Model 4, adjusted for age, sex, BMI, current smoker, heavy drinker, physical activity, peri-

odontitis and stress.

Table 3. Adjusted odds ratios

(AOR) and 95% confidence inter-

vals (CI) for self-reported dental

pain using the dentists’ diagnosis of

no dental pain/no depression group

as the reference
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questionnaires used in this study can be affected by

bias; especially, the survey questions regarding

depression were somewhat common without a much

deeper investigation. However, in a previous study,

the single question used in the present study exhib-

ited high sensitivity (86%), specificity (78%), positive

predictive value (82%) and negative predictive value

(82%) compared with a validated depression scale.

Thus, the method of depression assessment used in

our study may be considered valid when used to eval-

uated depression in a nationwide cohort (36, 37).

Third, another concern is the definition of dental

pain. Self-reported dental pain is a particularly subjec-

tive experience and is defined in temporal patterns;

for example, onset, duration and frequency of pain

are also characterised by alternation in the sensory

process. The definition of dentists’ diagnosis of dental

pain was based only on cases of necessary root canal

treatment and extraction. We also considered that

participants who required only restorative treatment

had no dental pain. We cannot disregard that the

definition may have influenced the results and may

also be responsible for some of the findings that we

determined to be insignificant.

However, our study is outstanding because it utilised

a diversity of oral health measures, including oral

health interviews and oral examination of a nationally

representative sample. The results showed a close asso-

ciation between depression and self-reported dental

pain in Korean adults, after adjusting for covariates

such as sociodemographic factors, smoking, alcohol,

periodontitis, use of prosthetic appliance and stress.

This association suggests that mental problems must be

considered risk factors for dental pain. Thus, psychia-

trist and dentist should know this association.

In conclusion, the results showed that depression

has an association with dental pain, especially related

to pulpitis. Psychosocial factors such as depression

may be related to self-reported dental pain after

adjusting for covariates such as sociodemographic fac-

tors, smoking, periodontitis and stress. When treating

patients with dental pain, dentists should consider the

possible presence of psychopathology and consult

appropriate mental health professionals if necessary.

Conclusion

Participants with depression have an association with

dental pain than do individuals in the general popula-

tion in south Korean adults after adjusting for covari-

ates such as sociodemographic factors, smoking,

periodontitis and stress.
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