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Title: Title: Title: Title: The relationship between general health and lifestyle factors and oral health 
outcomes    
    
AbstractAbstractAbstractAbstract    

    

AimAimAimAim The primary research question addressed in this paper was “are lower than average 

oral health scores observed for those patients who report problems with general health 

and high risk lifestyle factors?” 

    

Methods.Methods.Methods.Methods.  A population analysis was conducted on the first 37,330 patients, assessed by 

nearly 493 dentists in the UK, to receive a Denplan PreViser Patient Assessment (DEPPA) 

at their dental practice. The Oral Health Score (OHS) was generated using a mixture of 

patient-reported factors and clinical findings and is an integrated component of DEPPA. 

Patients’ self-reported risk factors included diabetes status, tobacco use  and alcohol 

consumption. Patients’ general health was measured by self-report , i.e. a yes/no  answer 

to the question “have you experienced any major health problems in the last year for 

example a stroke, heart attack or cancer?” Multivariable linear regression analysis was 

employed to study the association between the OHS and general health and risk factors 

for patients in the DEPPA cohort.  

 

Results. Results. Results. Results. The mean age of participants was 54 years (range 17-101; S.D. 16 years) and 

the mean OHS for the group was 78.4 (range 0-100; S.D. 10). 1,255 (3%) of patients 

reported experiencing a major health problem in the previous year. In the fully adjusted 

model, diabetes, tobacco use, excessive alcohol consumption (three or more drinks per 

day), and poor overall health in the preceding year were all associated with a statistically 

significant drop in the mean OHS of patients. Having diabetes was associated with a 1.7 

point (95%CI 1.3-2.1, p<0.001) drop in OHS, tobacco use was associated with a 2.7 point 

(95%CI 2.5-2.9, p<0.001) drop in OHS, and excessive alcohol consumption was 

associated with a 1.8 point (95%CI 1.3-2.4, p<0.001) drop in OHS. The mean OHS in 

patients who reported a major health problem in the preceding year was 0.7 points 

(95%CI 0.2-1.2, p=0.006) lower than that of patients who did not report a major health 

problem in the preceding year.  

    

ConclusionConclusionConclusionConclusion. The current study has demonstrated that patient reported general 

health and risk factors were negatively associated with an overall composite oral 

health score outcome in a large population of over 37,000 patients examined by 

493 dentists.  Whilst the clinical significance of some of the reported associations 



is unknown, the data lend support to the growing body of evidence linking the oral 

and systemic health of individuals. Therefore, GDPs may be in a unique position 

to influence the lifestyle and general health of patients as part of their specific 

remit to attain and maintain optimal oral health. 
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BackgroundBackgroundBackgroundBackground    
    
There is now substantial literature describing the relationship between systemic 

health and oral, particularly periodontal, health (see J Clin Periodontol 2013:40 

supplement 141).  

    
As part of Denplan’s PreViser Patient Assessment2 (DEPPA), the oral health status 

of patients is recorded using the composite “Oral Health Score”3&4 (OHS). Such 

measures offer potentially valuable signposts for patient engagement, education 

and motivation towards behaviour change5. Standard clinical practice commonly 

employs separate measurements for each aspect of oral health, however 

validated composite measurements are valuable in providing patients with a 

holistic summary of their oral health outcomes and facilitate oral health 

improvement targets. 

 

The development, validity, reliability and reproducibility of the OHS has been 

reported previously by an expert panel of dentists in a pilot study
3 

and also in 

another study aimed specifically at the OHS
4
; it has also been studies in comparison 

with the Adult Dental Health Survey
6. Recently elements of DEPPA have been 

shown to impact favourably on the factors influencing behaviour change in dental 

patient7.  

 

To date, the association between general health, risk factors and oral health in 

patients within the DEPPA cohort remains unclear. The existence within the 

DEPPA database of patient-reported systemic health along with current oral 

health status based upon the OHS, provides the opportunity to explore the 



association between the two for a large population of patients in a primary dental 

care setting. 

    

The aim of this paper is to report on the association between current oral health 

status of patients, as measured using the OHS, and patient-reported risk factors 

and general health in the preceding year. The primary research question 

addressed in this paper was “are lower than average oral health scores observed 

for those patients who report problems with general health and high risk lifestyle 

factors?” 

 

As these measures, the OHS and self-reported general health and risk factor 

status, are computed independently of each other, the null hypothesis is that 

there is no association between the OHS and such factors within the DEPPA 

cohort. 

 

MethodsMethodsMethodsMethods    

Data from the first 37,330 patients to receive a DEPPA at their dental practice 

was analysed. 493 different dentists contributed patient assessments to this 

population.  

 

The OHS is generated based upon: 

1) patient-report of oral pain, function (eating) and appearance and 

2) clinical dental examination (Figure 1 and 2) 

These are recorded online in DEPPA, are then used by the embedded algorithms 

to produce the composite OHS for each patient based upon their current oral 



health status. These scores are out of a maximum of 100 which equates to 

perfect oral health and lower scores indicate worse oral health status.  

 

The remaining general health and lifestyle questions (questions 4 to 17, Figure 2) 

inform the Previser future disease risk scores, which are an important part of a 

full DEPPA report4. The inputting of this information is either by: 

1) The patient completing a paper version of the OHS before their examination 

and the dental team entering the data online, or 

2) The patient completing the questionnaire directly online before their 

examination, or 

3) A dental team member questioning the patient and entering the data online. 

 

In some instances, the dental team need to assist patients with the 

questionnaire. The clinical inputs required to complete a DEPPA are usually made 

directly as the patient is examined.   

 

The data submitted by practices during a DEPPA are held centrally in an encrypted 

and de-personalised form so that only the submitting practice can identify 

individual patients. However, as reported by Busby et al6, reports can be 

generated in order to produce a national benchmark, audit tables, and for 

population level analytics. 

 

The DEPPA database was interrogated to report the OHS for each patient as well 

as lifestyle factors including diabetes, tobacco use, alcohol consumption and any 

major health problems in the preceding year (question 8, Figure 2) as a surrogate 

for the overall general health of patients in the preceding year.  



 

Statistical analysis 

Differences in categorical and continuous data were assessed for statistical 

significance using Pearson Chi-square, t-test and Fisher’s exact test as 

appropriate.  

 

The association between the self-reported general health and OHS of patients 

within the DEPPA database is reported unadjusted and adjusted for the following 

covariates: age, self-reported diabetes status (yes or no), tobacco use (ever 

smoked cigarettes, cigars or pipe or used smokeless tobacco), alcohol status 

(none, <1 drink/day, 1 drink/day, 2 drinks/day, 3 or more drinks/day), presence 

of acid reflux (yes or no) and conditions causing vomiting at least once a week 

(yes or no) (Figure 2). Also included as covariates were dental assessments of 

inadequate saliva flow (yes or no) and dental attendance (less than 

recommended or as recommended). These covariates were included as they 

could possibly confound the association between general health and OHS by 

influencing both. 

 

        



Figure 1 Figure 1 Figure 1 Figure 1 ––––    AAAA    guide to the guide to the guide to the guide to the generation generation generation generation of the OHS in DEPPAof the OHS in DEPPAof the OHS in DEPPAof the OHS in DEPPA    

 Max Score Possible scores 

Comfort 8 0 (pain)   4(some pain)   8(no pain) 
Function 8 0(problems) 4(minor problems) 8 (no problems) 
Appearance 8 0 (unhappy) 4(some concern) 8(happy) 
Occlusion 8 0 (less than 10 teeth in each jaw opposed) 

8 (at least 10 teeth in each jaw opposed) 
Soft Tissues 8 0 (needs treatment or referral) 

4 (needs observation) 
8 (healthy) 

Tooth health  24 24 (no restorations, caries free) 
18 ( sound restorations, caries free) 
12 (less than 10% teeth need treatment) 
6 (10-30% of teeth need treatment) 
0 (more than 30% of teeth need treatment) 

Tooth Wear 12 0 (much more wear than expected for age) 
6 (more wear than expected for age) 
12 (normal wear for age) 

Gum Health 24 0 (severe periodontal disease) 
6 (moderate periodontal disease) 
12 (mild periodontal disease) 
18 (gingivitis only) 
24 (healthy) 

TOTAL 100100100100        

    

    

Figure 2Figure 2Figure 2Figure 2----    PPPPatient questionnaire for DEPPA atient questionnaire for DEPPA atient questionnaire for DEPPA atient questionnaire for DEPPA     



    

    

 

 

 



ResultsResultsResultsResults    

All 37,330    patients in the DEPPA database at the census point for data extraction 

were included in the analysis. The mean age of participants was 54 years (range 

17-101; S.D. 16 years) and the mean OHS for the group was 78.4 (range 0-100; 

S.D. 10). 1,255 (3%) of patients reported experiencing a major health problem in 

the last year, 1,875 (5%) reported having diabetes, 22,925 (61%) reported no 

tobacco use ever, 7,723 (21%) reported no alcohol intake,  345 (1%) reported a 

health condition that predisposes to vomiting at least once a week and 4,463 

(12%) reported acid reflux into the mouth. The dentists assessed inadequate 

saliva flow in 608 (2%) of patients and less than recommended dental 

attendance in 2,213 (6%) of patients (Table 2).   

Patients who self-reported to have experienced a major health problem within the 

previous year (n=1,255) were significantly older and had a lower OHS than 

patients who did not report experiencing a major health problem in the last year. 

Such patients were also more likely to have diabetes, use tobacco, teetotal, 

experience reflux or vomiting, have inadequate saliva flow and be infrequent 

attenders to their dentist.  

 

  



Table 2: Description of the whole DEPPA cohort and sub-groups 

Variable Whole 

cohort 

n=37,330 

Patients with no 

major health 

problem in last 

year n=36,075  

Patients with 

major health 

problem in last 

year n=1,255 

p-

value*  

Mean age (SD) in 

years 

54 (16) 54 (16)  61 (15) <0.001 

Mean OHS (SD) 78 (10) 79 (10) 75 (12) <0.001 

Diabetic (%) 5 5 10 <0.001 

No tobacco use (%) 61 62 57 0.002 

No alcohol use (%) 21 20 29 <0.001 

Conditions leading 

to vomiting at least 

once a week (%) 

0.9 0.7 8.5 <0.001 

Reflux (%) 12 12 23 <0.001 

Inadequate saliva 

flow (%) 

1.6 1.4 7.3 <0.001 

Infrequent dental 

attendance (%) 

6 6 9 <0.001 

*- p-value of comparison between patients who reported a major health problem 

in the last year and those that did not. 

 

Multivariable regression analysis, accounting for age, diabetes status, alcohol 

consumption, tobacco use, reflux, vomiting, salivary flow and dental attendance 



attenuated the association between OHS and risk factors and major health 

problems in the preceding year.  

 

The multivariable analysis demonstrated that, accounting for all other covariates 

mentioned, having diabetes was associated with a 1.7 point drop in OHS 

compared to no diabetes, tobacco use was associated with a 2.7 point drop in 

OHS compared with no tobacco use, excessive alcohol consumption (three or 

more glasses) was associated with a 1.8 point drop in OHS compared with no 

alcohol consumption and less than recommended dental attendance was 

associated with a 7.3 point drop in OHS compared with recommended dental 

attendance. The OHS also decreased in a dose-dependent manner with age with 

each increase in decade being associated with a 2 point drop in OHS. 

 

In the fully adjusted model, patients who reported major health problems in the 

last year had a mean OHS that was 3.5 points 0.7 points (95%CI 0.2-1.2, 

p=0.006) lower than those that did not report such problems.  

 

 

DDDDiscussioniscussioniscussioniscussion    
    
 

This study reports upon the relationship between an established and validated 

composite oral health assessment system (DEPPA Oral Health Score) and 

individual lifestyle and general health factors, within general dental practices, 

from a large population of 37,330 patients. Unlike the Adult Dental Health 

Survey8, the study cohort cannot be regarded as a representative sample of the 

UK population. The dentists conducting these examinations are a self-selecting 



group of enthusiasts who are the relatively early adopters of DEPPA. Nevertheless, 

it has previously been demonstrated that headline oral health outcomes in DEPPA 

are largely consistent with the findings of the ADHS for patients who report regular 

dental attendance6.   

 

The study demonstrates an association between the OHS and patient reported 

risk factors and general health in a large cohort of patients. This association was 

statistically significant after adjusting for major confounders, which was also the 

case for the association between the OHS and self-reported major health 

problems in the preceding year, although the effect size was small for the latter. 

Assuming accurate data entry and self-reporting on behalf of patients, there are a 

number of potential explanations for the smaller than expected observed 

association: 

1) Self-reported major health problems in the preceding year may be a poor 

surrogate for overall general health; 

2) Only 3% of patients reported having such health problems limiting the power of 

the analysis despite the large sample size; 

3) The OHS is a composite score of oral health and the association between 

systemic health and some aspects of such a composite score, for example 

patient-reported outcomes, is currently poorly understood. 

 

There is currently an international move towards recognising and embracing 

patient-centred outcomes in research studies, in service planning and evaluation, 

because optimal clinical health does not necessarily equate to optimal patient-

perceived outcomes or improved quality of life. For example, a disease free mouth 

with a retentive lower partial denture may be regarded as clinically optimal, but 



the patient concerned may find the lower prosthesis adversely affects their 

speech, function and self-confidence. DEPPA records patient perceptions of their 

oral health in for form of function, comfort and aesthetics and embeds these as 

significant factors in deriving the composite oral health score. 

 

The literature is now replete with data on the relationship between general health 

and periodontal health in particular1. Significantly lower overall oral health scores 

were also observed in this study group for diabetes patients, consistent with the 

established negative relationship between diabetes and periodontal disease in 

particular15.    

 

Busby et al9 reported how the average OHS tends to fall with increasing age, 

which may relate in part to the lifetime accumulation of local oral exposures, or 

may indeed be influenced by chronic systemic conditions of ageing or lifestyle 

factors. The present data suggest a significantly negative relationship between 

oral health outcomes and smoking. Furthermore, significantly better oral health 

scores were observed in patients who have never smoked. There is widespread 

evidence in the literature (Bergstrom et al10) supporting a negative effect of 

smoking specifically on periodontal health and Axlesson et al11 also observed a 

negative impact of smoking more generally on oral health. 

 

A negative relationship between periodontal health and drinking alcohol was also 

reported by Tezal et al 12, and drinking three or more alcoholic drinks daily also 

seems to be related to significantly poorer oral health outcomes than average for 

this study group. Patients who reported having a major health problem in the 

preceding year were more likely to report being teetotal (29% Vs 20%, Table 2). 



The correlations between the OHS and alcohol intake are interesting and 

warranted further investigations. In investigating the categories of alcohol 

consumption, <1 drink per day, 1 drink per day, 2 drinks per day or 3 or more 

drinks per day, patients who reported having a major health problem were more 

likely to report drinking 3 or more drinks per day (4.5% Vs 2.8%, data not included 

in Table 2) or being teetotal (29% Vs 20%, Table 2). In examining the relative 

changes in OHS, compared to teetotallers, patients who reported drinking <1 unit 

per day had an associated 0.5 point increase in their OHS (p<0.001), patients 

reporting drinking 1-2 units per day had roughly similar OHS (p=0.658 and 

p=0.126 respectively) whereas patients reporting drinking 3 or more units per day 

had an associated 1.8 point decrease in OHS (p<0.001). The association between 

no alcohol intake and poorer oral health scores is consistent with the medical 

literature, which demonstrates that light to moderate intake of alcohol such as 

wine reduces all-cause mortality and mortality due to cancer and coronary heart 

disease, whereas high alcohol intake increases mortality risk13.  

 

 

The poorer OHS evident in those with lower than expected dental attendance is 

unsurprising and consistent with data from the ADHS14. 

 

As the DEPPA cohort grows (now over 55,000), future analyses of oral health and 

risk trends and their prospective association with oral and general health 

outcomes will be interesting to analyse.   

 

Whilst the data presented provide initial insights into the relationship between a 

composite oral health score and general health and behaviours, longitudinal data 



analysis is necessary to enable the directionality of the association to be more 

appropriately analysed. Other imitations of the study include: 

1) Missing key covariates (gender, ethnicity, socio-economic status, etc.) 

adjusting for which may attenuate the statistical significance of these 

findings 

2) Data entry was performed by a self-selecting group of professionals, who 

are likely not representative of the wider general dental service. The 

reliability of the data entered and the comprehensive nature of patient 

selection are unknown and comparison with ADHS data in the future may 

be helpful. 

3) General health status is only gauged by one question relating to “major 

health problems in last year” and whilst a pragmatic question is necessary 

for logistical reasons, it limits the insightfulness of the analysis. 

4) The findings cannot be generalised to a community dwelling population 

who are not DEPPA patients, although the disease patterns in this cohort 

are similar to the ADHS group as previously reported6. 

 

ConclusionsConclusionsConclusionsConclusions    
    
The current study has demonstrated that patient reported general health and risk 

factors were negatively associated with an overall composite oral health score 

outcome, in a large population of over 37,000 patients examined by 493 dentists.  

Whilst the clinical significance of some of the reported associations is unknown, 

the data lend support to the growing body of evidence linking the oral and 

systemic health of individuals. Therefore, GDPs may be in a unique position to 

influence the lifestyle and general health of patients as part of their specific remit 

to attain and maintain optimal oral health. 
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