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Abstract
Objectives: To test the hypotheses that: (1) Prevalence of periodontal disease would 
be higher in people with a history of psychosis when compared to the general popula-
tion and (2) Demographic, life-style related factors and co-morbid medical conditions 
would predict periodontal disease in people experiencing psychosis.
Methods: The authors performed cross-sectional analysis of baseline data from the 
UK Biobank study (2007–2010), identifying cases with psychosis using clinical diag-
nosis, antipsychotic medication, and self-report. Demographic (age, gender, ethnicity, 
socioeconomic status), lifestyle-related(BMI, blood pressure, smoking and alcohol in-
take, physical activity) and physical co-morbidities (cancer, cardiovascular, respiratory, 
inflammatory disease and metabolic conditions) were included as potential risk fac-
tors for periodontal disease among people with a history of psychosis using logistic 
regression analyses. The analysis sample included 502,505 participants.
Results: Risk of periodontal disease was higher in people with psychosis, regardless 
of how cases were identified. Patients with a clinical diagnosis had the highest pro-
portion of periodontal disease compared to the general population (21.3% vs. 14.8%, 
prevalence ratio 1.40, 95% CI: 1.26–1.56). Older and female cases were more likely 
to experience periodontal disease. Lifestyle factors (smoking) and comorbidities (car-
diovascular, cancer or respiratory disease) were associated with periodontal disease 
among people with a history of psychosis.
Conclusions: The findings suggest that periodontal disease is more common in people 
with a history of psychosis, compared to the general population. Prevention and early 
diagnosis of periodontal disease should be a priority for oral health promotion pro-
grammes, which should also address modifiable risk factors like smoking which also 
contribute to co-morbid systemic disease.
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1  |  INTRODUC TION

Oral health is an important part of general physical well-being, self-
esteem and overall quality of life.1,2 Poor oral health due to den-
tal caries and periodontal disease affect key functions like eating, 
speaking, and smiling.2 People with psychotic disorders, such as 
schizophrenia, may be particularly vulnerable to decayed, missing, 
and filled teeth3 and require dental treatment,4 potentially explained 
by the low uptake of oral health self-care behaviours5 and side ef-
fects from anti-psychotic medication.6 Indeed, the side effect xero-
stomia (dry mouth) is associated with reduced salivary flow, which 
can lead to caries, periodontal disease, glossitis, and stomatitis and 
predisposes individuals to a greater risk of dental interventions such 
as restorations and extraction of teeth.2,7,8 There is a major need 
to understand and protect the oral health of people experiencing 
psychosis.

To date, very few studies have explored periodontal disease 
severity in people with psychotic experiences.9–12 Periodontitis is 
a chronic multifactorial inflammatory disease associated with dys-
biotic plaque biofilms and characterized by progressive destruction 
of the tooth-supporting apparatus.13 Disease progression leads to 
loss of periodontal attachment, including bone, and in severe cases 
may result in tooth mobility and loss tooth.13 Unlike dental caries 
which can be restored, periodontal attachment loss is an irrevers-
ible process which progresses to tooth loss if left unchecked.13 
The impact of periodontal disease on quality of life is extensive 
and affects both aesthetics and function which in turn impacts 
general well-being and self-esteem.14 Periodontal disease is also a 
risk factor for systemic disease and abundant literature shows that 
periodontal disease is associated with systemic diseases like car-
diovascular disease and diabetes.15,16

There is now considerable evidence that many people in the 
general population have psychotic experiences that do not lead to a 
formal psychiatric diagnosis, but can be distressing and disruptive to 
their lives, and associated with poor physical health outcomes.17,18 
Research in this population could help to ascertain whether psy-
chotic experiences increase the chances of periodontal disease, or 
whether this is specific to patients with more established disorders 
and treatment.

The aims of this study were to investigate the extent to which 
people with a history of psychosis have periodontal disease and 
whether this is influenced by demographic, lifestyle and co-morbid 
medical conditions.

The hypotheses were as follows:

1.	 Prevalence of periodontal disease may be higher and associated 
with people with a history of psychosis when compared to 
the general population.

2.	 Demographic, life-style factors and co-morbid medical condi-
tions would predict periodontal disease in people experiencing 
psychosis.

2  |  METHODS

Identification of people with psychosis has proven inconsistent 
throughout literature, with some cases defined by clinical diagnosis, 
while others use self-reported psychotic experiences and/or use of 
psychotic medication as proxies.19 To achieve a comprehensive un-
derstanding of the periodontal disease disparity among people with 
a history of psychosis, we identified psychosis patients from UK 
Biobank cohort study using three independent ways: people with a 
formal diagnosis of a psychotic disorder, people taking antipsychotic 
medication, and people living with psychotic experiences in the gen-
eral population.

The UK Biobank is a good data source with more than 500 000 
participants. It includes questionnaires, bio-samples, consented link-
age of routinely collected health care data, and provides several indi-
cators that could be used to identify periodontal disease, co-morbid 
systemic disease and mental disorders.20

We performed a cross-sectional analysis of data from the baseline 
assessments from the UK Biobank study, collected between 2007 and 
2010. The age range of UK Biobank participants is between 37 and 
73 years at baseline. The description of the full protocol and data col-
lection process for the UK Biobank can be found elsewhere.20,21

UK Biobank releases specific datasets to applicants for the pur-
pose of pre-specified research questions, following review and ap-
proval from the UK Biobank's Access Sub-Committee. UK Biobank 
has generic ethical approval from the Northwest Multi-Centre 
Research Ethics Committee, which covers the UK (NHS Research 
Ethics Committee Ref 16/NW/0274). This study was approved by 
the UK Biobank committee and data was released on 19 March 2020 
(Application reference number 54633).

2.1  |  Participants

The UK Biobank is linked to NHS hospital admission data, enabling ac-
cess to recorded clinical diagnoses. For the purpose of this study, we 
used three independent methods for classifying psychosis. In the first 
method, we identified people with a recorded primary or secondary 
ICD-1022 diagnosis of any non-affective psychotic disorder, including 
psychotic disorder, schizophrenia and schizotypal disorder (ICD-10 
code: F20-29), or mood disorders with psychotic symptoms including 
manic disorder and depressive disorders (ICD10 code: F20-29 plus 
F302, F312, F315, F323, F333); in the second method, we identified 
participants taking anti-psychotic medication (see Table  S1); and in 
the third method, we identified participants having psychotic-like ex-
perience from mental health questionnaire in the UK Biobank (cate-
gory 144) by responding positively to any of the four questions asking 
about their psychotic experience (see Appendix S2).16 This allowed 
for examination of periodontal disease outcomes in participants with 
established psychotic disorders, but also a wider sample of people 
receiving antipsychotic medication or having psychotic experiences, 
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    |  3KANG et al.

which are commonly reported outside of diagnostic groups.17,18 The 
comparison sample was all of the UK Biobank participants with none 
of the above recorded definitions of psychosis.

2.2  |  Periodontal disease measure

Self-reported oral health recorded the status of participant's mouth: 
bleeding gums, dentures, loose teeth, painful gums, toothache, ul-
cers or none of these. Of those, bleeding gums, painful gums and 
loose teeth were utilized as surrogates for periodontal disease as 
they have demonstrated their validity in the absence of a clinical 
diagnosis.23,24 Painful and bleeding gums without loose teeth, are 
associated with mild to moderate periodontal disease, while loose 
teeth indicate presence of severe periodontal disease that has led 
to bone loss and consequently tooth mobility.13 If participants did 
not report bleeding gums, painful gums, or loose teeth, they were 
defined as having an absence of periodontal disease.

2.3  |  Covariates

2.3.1  |  Demographics and lifestyle

Information on participant demographics (age, gender, ethnicity, 
deprivation-index, employment status, education level, household in-
come) and BMI was collated during baseline attendance to UK Biobank 
assessment centres. Information on biomarkers such as blood pres-
sure (systolic and diastolic) and resting heart rate were also acquired 
from attending UK Biobank assessment centres for baseline record.

Alcohol status (current, previous, or never), smoking history (never 
smoker or smoker), number of cigarettes smoked daily for current 
smokers, physical activity (length and frequency of engagement in 
moderate and vigorous-intensity activity in the previous week) were 
obtained from the Lifestyle and Environment Questionnaire when par-
ticipants were at the UK Biobank Assessment Centre. We then further 
grouped the physical activity measure into days per week with none, 
moderate (1–3 days) and vigorous activity (>4 days). Addictions were 
reported according to “yes” or “no” responses from an item on the 
online mental health questionnaire which asked participants if they 
were ever “addicted to or dependent on one or more things, including 
substances (not cigarettes/coffee) or behaviours (such as gambling)”. 
Total sugars (g), carbohydrate (g), energy (kJ) intake by 24-hour recall in 
the ‘estimated nutrients yesterday’ questionnaire were also extracted.

2.4  |  Co-morbidities

The co-morbid diseases measured in UK Biobank at baseline and that 
were included in the analyses were: diabetes, cancer, hypertension, 
angina, cardiac arrest, myocardial infarction (MI), stroke, peripheral 
artery disease (PAD), heart failure, atrial fibrillation, inflammatory, res-
piratory, and metabolic conditions (including obesity and metabolic 

syndrome). Validated ICD-10 code lists22 within the Cardiovascular 
Research Using Linked Bespoke Studies and Electronic Health Records 
(CALIBRE) resource were used to classify the aforementioned condi-
tions,25 and the presence of the appropriate ICD-10 code in a par-
ticipant's health records denoted presence of the disease. The code 
list meanings were also adapted to identify relevant self-reported con-
ditions that were not coded with ICD-10 classification. Participants 
were considered to have disease history if relevant ICD-10 codes were 
found in their health records, or if the condition was self-reported at 
the assessment centre. A history of hypertension was determined if 
ICD-10 code was present in health record data, or if the blood pres-
sure reading from the assessment centre exceeded 140/90 mmHg.

2.5  |  Statistical Analyses

Descriptive statistics for baseline characteristics were presented using 
frequencies (percentages) for categorical data and mean [standard de-
viation (SD)] or median [interquartile range (IQR)] for continuous vari-
ables depending on their distribution. Independent two-sample t-tests 
or Chi-square tests were performed to compare the mean or differ-
ences in proportion between psychosis and control groups. After as-
sessing the uneven distribution of gender and age between psychosis 
and control groups, the control group were matched to the psychosis 
group by gender and age on a ratio 10:1 (note the psychosis group 
were younger and had more males than the control group). Secondly, 
among people with a history of psychosis, those with periodontal dis-
ease (self-reported painful gums, bleeding gums, or loose teeth) were 
compared with those without periodontal diseaseusing either t-tests 
or chi-square tests depending on the data type. Multivariable logistic 
regression modelling was then used to identify risk factors for peri-
odontal disease among psychosis cases. The risk factors included in 
the model were any covariates with significance level < 0.1 and those 
having <30% missing data. For highly correlated variables, e.g. dep-
rivation index, education level, household income, only one of them 
were included in the modelling. Adjusted odds ratio were reported 
with 95% confidence intervals (95% CI).

Missing data were handled by multiple imputation, and Rubin's rule 
was used to combine the coefficients.26 If a variable had >30% missing 
data, it was excluded from the modelling. To assess the impact of missing 
data, sensitivity analyses were performed using only the complete cases. 
All analyses were performed using the statistical software RStudio version 
327 with various packages. Statistical significance level was set as 0.05.

3  |  RESULTS

3.1  |  Prevalence of Psychosis in the UK Biobank 
population

In total 502 505 participants who provided their information in 
the baseline measurement in the UK Biobank were included in the 
analysis. Of those, 6496 (1.3%) satisfied the presence of psychosis 
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4  |    KANG et al.

as follows: 1547 participants (mean age 54.8 [SD 8.4], 54.2% male) 
had ICD-10 diagnosed psychosis, 2280 participants (mean age 54.8 
[SD 8.1], 50.4% male) were on psychiatric medication, and 4216 par-
ticipants (mean age 53.8 [SD 7.7], 43% male) self-reported psychotic 
experience. Lower proportion of white ethnicity was observed 
in groups diagnosed with psychosis or in those taking psychiatric 
medication when compared to general population controls (89.3% 
vs. 94.6%, 91.9% vs. 94.9%, respectively). People with a history of 
psychosis had a higher deprivation index (more deprived) in all of the 
three psychosis categories and had a much lower employment/self-
employment rate and were at the lower end of household income 
(<£18 000) compared to controls.

3.2  |  Prevalence of periodontal disease in 
participants with a history of psychosis

The prevalence of periodontal disease in people with a history of 
psychosis was significantly higher than the control group, regard-
less of whether the clinical group was defined by clinical diagnosis 
(ICD10) (21.3% cases vs. 14.8% controls, prevalence ratio (PR) 1.40, 
95% confidence interval (CI): 1.26–1.56), anti-psychotic medication 
(20.4% cases vs. 15.6% controls, PR 1.30, 95% CI: 1.19–1.41), or self-
reported psychotic experience (18.1% cases vs. 14.2% controls, PR 
1.27, 95% CI: 1.19–1.36). (Table 1).

3.3  |  Risk factors for periodontal disease in people 
with psychosis

Among participants with a history of psychosis, we further exam-
ined the potential risk factors including demographic characteris-
tics, lifestyle, and pre-existing disease conditions for periodontal 
disease outcome (Table 2). This univariate analysis identified po-
tential risk factors (p  < .1) for inclusion in the final multivariable 
model.

3.4  |  Identifying risk factors for periodontal 
disease among people with a history of psychosis

The fully adjusted models showed that, for clinically diagnosed psy-
chosis cases by ICD 10, those who were younger, male and white had 
a lower risk of periodontal disease (OR = 0.96, 95% CI: 0.94–0.98; 
OR = 0.81, 95% CI: 0.67–0.98; OR = 0.64, 95% CI: 0.43–0.94, re-
spectively) while living in deprivation (OR = 1.04, 95% CI: 1.00–1.08), 
having peripheral artery disease (OR = 2.08, 95% CI: 1.14–3.78) or 
respiratory disease (OR = 1.63, 95% CI: 1.20–2.21) increased the risk 
of periodontal disease (Table 3).

For those taking antipsychotic medication, being younger, male 
and white also reduced the risk of periodontal disease (OR  =  0.97, 
95% CI: 0.96–0.99; OR = 0.68, 95% CI: 0.58–0.80; OR = 0.62, 95% 
CI: 0.43–0.90, respectively), whilst smoking and respiratory disease 

increased the risk (OR = 1.74, 95% CI: 1.01–2.98; OR = 1.45, 95% CI: 
1.10–1.91, respectively) (Table 3).

For those with self-reported psychotic experience, being younger 
and male reduced the risk of periodontal disease (OR = 0.99, 95% CI: 
0.98–1.00; OR = 0.82, 95% CI: 0.73–0.92, respectively), while having 
smoking history and having cancer increased risk of periodontal dis-
ease (OR = 1.36, 95% CI: 1.08–1.70; OR = 1.33, 95% CI: 1.01–1.73, 
respectively).

A final logistic model that only included significant risk factors 
was undertaken to examine the robustness of the multivariable lo-
gistic model, the results of which are presented in Table S3, where 
the odds ratio of each risk factor remained unchanged or very simi-
lar to the original odds ratios in Table 3. Sensitivity analysis was re-
ported using complete cases (excluding missing cases) and results 
were also consistent with imputed cases (Table S4).

4  |  DISCUSSION

Our study utilized UK Biobank data to investigate the prevalence of 
periodontal disease among people with a history of psychosis, com-
pared with general population. We used three categories to identify 
people with psychosis: clinical diagnosis ICD 10 code, self-reported 
medication, and information from mental health questions on psy-
chotic experiences. Greater risk of periodontal disease (bleeding 
gums, painful gums and loose teeth) was observed in people with 
psychosis, regardless of the method of identification (clinical diag-
nosis, medication or self-report). Although the risk factors for poor 
oral health varied depending on how psychosis was identified, com-
mon demographic factors (being female, older or non-white) and 
unhealthy lifestyle such as smoking, or pre-existing comorbidities 
(heart disease, respiratory disease and cancer) increased the risk of 
periodontal disease. Our findings also confirmed that people with 
a history of psychosis were significantly more likely to have co-
morbid diabetes than the control population - important because 
people with diabetes are prone to periodontal disease.28 That said, 
co-morbid diabetes did not appear to confer extra susceptibility to 
periodontal disease.

To our knowledge, this is the first epidemiological study to in-
vestigate the determinants of periodontal disease in people with a 
history of psychosis using a large population cohort. Our research 
suggests that periodontal disease is not specific to people with a 
formal diagnosis but is prevalent across the psychosis continuum. 
The findings also suggest that those with a formal diagnosis of a psy-
chotic disorder have a particularly high chance of having periodon-
tal disease, which increases based on demographic characteristics 
(being female, non-white, and deprived), lifestyle (smoking, alcohol 
intake) and comorbidities namely heart disease, respiratory disease 
and cancer. Of these risk factors, smoking increased the risk of peri-
odontal disease by almost 2-fold. This is a modifiable risk factor and 
amenable to intervention and should be targeted in healthcare plan-
ning by professionals involved in the care of people with psychosis.28 
In addition, lifestyle factors like smoking and alcohol intake are also 
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risk factors for not only periodontal disease but co-morbid condi-
tions particularly cardiovascular and respiratory disease, which were 
identified in our findings. Interventions targeted to modify these 
factors will not only have an impact on oral health of those with 
psychosis but can also improve general health of this population.29

There are limitations of note. First, the UK Biobank was a 
self-report questionnaire-based study with relatively healthy vol-
untary participation. It is therefore possible that the participants 
reported less severe experiences of psychosis and periodontal 
disease than the population in general. However, the prevalence 
of psychosis in the UK Biobank cohort compared to the general 
UK population was similar with a prevalence of psychosis cases 
(3/1000) in UK Biobank as compared to 4/1000 (95% CI: 3–
7/1000) prevalence for the whole UK population.30 The results of 
our study are therefore likely to be generalisable to population-
based samples of people with psychosis from UK Biobank because 
the assessment of exposure-disease relationship does not require 
participants to be representative of the population at large.31 
However, more severe cases of psychosis requiring hospitalization 
and regular carer support might be less likely to have participated 
in our study. It would be reasonable to assume that such severe 
cases will have worse oral health and associations observed in our 
study would be an underestimate in those groups. Furthermore, 
where we used self-reported medication as a diagnostic group, 
it is possible that we may have overestimated cases of psychosis 
in this group as some anti-psychotic medications may have been 
used to treat conditions like epilepsy rather than psychosis. That 
said, the results in the medication group did not differ markedly 
from the other groups (IDC-10 and self-reported psychosis expe-
rience) and we were thus able to ‘cross-validate’ the results of the 
medication only group. Furthermore, the only situation where a 
drug used to treat epilepsy could be confused with a drug to treat 
a major psychiatric disorder is mood-stabilizing drugs like sodium 
valproate which are also used to treat bipolar disorder. Our table 
of drugs (Table S1) confirms that we only included antipsychotics 
and did not include mood stabilizers and therefore are unlikely to 
have included medications used for a condition other than psycho-
sis. Another limitation is the oral health measure; bleeding gums, 
painful gum or loose teeth were used as surrogates for periodon-
tal disease and although they have demonstrated their validity in 
the absence of a clinical diagnosis,23,24 they were not validated by 
clinical examination.

The findings of our study highlight the importance of improv-
ing and protecting the oral health of people with a history of psy-
chosis, so as to prevent tooth loss through periodontal disease. A 
recent meta-analysis has indicated low frequency of dental visiting 
and tooth brushing in people with psychosis.5 Therefore, healthcare 
professionals, both dental and psychiatric, need to work together to 
tackle barriers for dental care and promote oral hygiene behaviours 
in people with a history of psychosis. It may also be possible to tar-
get modifiable risk factors such as smoking and alcohol intake that 
increase the risk of periodontal disease and other co-morbid con-
ditions. A consensus statement has recently been issued providing 
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five-year targets on how improvements in oral health in severe men-
tal illness could be achieved.32

5  |  CONCLUSION

Prevalence of periodontal disease is higher in people with a history 
of psychotic experiences, people taking anti-psychotic medication, 
and with formal diagnoses of psychotic disorders, when compared 
to the general population. Oral health should be an integral part of 
health care plans for people with psychosis with early intervention 
and prevention being initiated at the point of diagnosis. Modifiable 
risk factors like smoking, which increase risk of periodontal disease, 
need to be incorporated in health promotion programmes for this 
population.
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