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Abstract
Prevention reduces tooth loss, but little evidence sup-
ports biannual preventive care for all adults. We used 
risk-based approaches to test tooth loss association 
with 1 vs. 2 annual preventive visits in high-risk 
(HiR) and low-risk (LoR) patients. Insurance claims 
for 16 years for 5,117 adults were evaluated retro-
spectively for tooth extraction events. Patients were 
classified as HiR for progressive periodontitis if they 
had ≥ 1 of the risk factors (RFs) smoking, diabetes, 
interleukin-1 genotype; or as LoR if no RFs. LoR 
event rates were 13.8% and 16.4% for 2 or 1 annual 
preventive visits (absolute risk reduction, 2.6%; 
95%CI, 0.5% to 5.8%; p = .092). HiR event rates 
were 16.9% and 22.1% for 2 and 1 preventive visits 
(absolute risk reduction, 5.2%; 95%CI, 1.8% to 8.4%; 
p = .002). Increasing RFs increased events (p < .001). 
Oral health care costs were not increased by any sin-
gle RF, regardless of prevention frequency (p > .41), 
but multiple RFs increased costs vs. no (p < .001) or 
1 RF (p = .001). For LoR individuals, the association 
between preventive dental visits and tooth loss was 
not significantly different whether the frequency was 
once or twice annually. A personalized medicine 
approach combining gene biomarkers with conven-
tional risk factors to stratify populations may be use-
ful in resource allocation for preventive dentistry 
(ClinicalTrials.gov, NCT01584479).
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Introduction

Health care costs in many countries appear unsustainable (Keehan et al., 
2011), and a substantial proportion of those costs may arise from unneces-

sary services and missed opportunities to prevent chronic diseases (Yong and 
Olsen, 2010).

Tooth loss in adults is primarily attributable to periodontitis (PD) and den-
tal caries (Murray et al., 1996; Ong et al., 1996; Chrysanthakopoulos, 2011; 
Mai et al., 2013). Periodontitis is a common chronic inflammatory disease 
affecting 47% in the U.S., with 8.5% having severe disease (Eke et al., 2012). 
Caries is also highly prevalent in the majority of adults (Dye et al., 2012). PD 
destroys bone and connective tissues of the gingiva and is associated with 
increased systemic inflammation and risk for inflammatory diseases (Blaizot 
et al., 2009; Sfyroeras et al., 2012). Caries arises from demineralization and 
destruction of the hard tissues of the tooth caused by bacterial fermentation 
and acid production. Regular adult dental prophylaxis directed at prevention 
of PD and caries is one of the most widely used health care services (Wall and 
Brown, 2003). The approximately 500 million annual dental visits cost more 
than $100 billion (Chronic Disease Prevention and Health Promotion, 2012), 
and routine preventive visits account for 76% of dental services (Smithwick, 
2012).

Regular control of oral microbial biofilms prevents periodontitis and car-
ies (Axelsson and Lindhe, 1981). Some risk factors, most prominently smok-
ing, diabetes, and certain genetic variations, are associated with more severe 
and progressive PD (Van Dyke and Sheilesh, 2005), and previous caries 
experience and levels of cariogenic bacteria are among the risk factors associ-
ated with future caries lesions (Fontana and Zero, 2006; Ito et al., 2011). In 
spite of this information, the present preventive model rests on the tacit 
assumption that all adults are at equal risk, therefore needing biannual profes-
sional preventive measures, as adopted in many health systems. Scant evi-
dence supports this preventive care frequency in adults (Sheiham, 1977; 
Rosen et al., 2004; Beirne et al., 2007; Clarkson et al., 2009; Ito et al., 2012).

We used pre-defined criteria to stratify adults without a periodontitis diag-
nosis into high-risk (HiR) and low-risk (LoR) groups for development/ 
progression of PD, based on 3 risk factors, and then questioned whether the 
frequency of dental visits (mainly once or mainly twice yearly) was associated 
with tooth loss events equally in the two risk groups. Risk factors used for this 
stratification were: presence of diabetes (Lalla and Papapanou, 2011), ciga-
rette smoking (Hanioka et al., 2011), and the interleukin-1 (IL-1) genotype 
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(Kornman et al., 1997; Karimbux et al., 2012), all previously 
associated with adult PD. We used an insurance claims database 
and contemporaneously collected genetic and health history 
information to conduct a retrospective cohort study primarily to 
determine if, in low-risk patients, 2 preventive dental visits 
annually were superior to 1 relative to long-term tooth loss. We 
use tooth loss event rates and actual cost history to discuss the 
potential implications of our findings.

The approach adopted here, based on population stratifica-
tion with pre-defined risk factors to guide prevention of a highly 
prevalent chronic disease, may provide a proof-of-principle for 
approaches aimed at better outcomes and a more cost-effective 
use of health care resources.

Methods

Study Design

We designed a retrospective cohort study to test associations 
between the frequency of preventive services and tooth loss 
events in patients at LoR for periodontitis. The protocol was 
approved by the institutional review board (IRB) at the 
University of Michigan, and all participants provided written 
consent. This investigation complied with the recommendations 
of the STROBE statement guidelines.

Participants

Participants were recruited from a dental insurance claims data-
base (Delta Dental of Michigan) in a two-stage process defined 
in the protocol and compliant with the Health Insurance 
Portability and Accountability Act of 1996 (HIPAA) Privacy 
and Security Rules. Details of the participant entrance criteria 
and selection process are in the Appendix. In brief, patients with 
insurance coverage through one employee group were identified 
if they met the following criteria: ≥ 15 consecutive yrs of claims 
data; age 34 through 55 yrs at initial record; no prior diagnosis 
of early periodontitis; and had received regular preventive care. 
Claims data were used to identify patients who habitually met 
criteria for preventive dental visits once (P1: mean 1.0/yr, 
median 1.1, interquartile range [IQR] 1.0-1.2) or twice (P2: 
mean 1.8/yr, median 1.8, IQR 1.8-2.0) annually during a six-
year index period, although all patients were covered for 2 pre-
ventive visits/yr. This employee group and a second employee 
group located in the Great Lakes Region of Michigan were 
compared for tooth loss characteristics (Appendix Table 1), 
including an “irregular care” group that consistently had < 1 
preventive visit/yr during the index period and an “early peri-
odontitis” group that qualified for and had > 2 annual preventive 
visits during that period.

Risk Classification

Patients were classified as “low risk” (LoR) if they never 
smoked or had not smoked in the previous 10 yrs (question-
naire), had no history of Type I or II diabetes (questionnaire), 
and were IL-1 genotype-negative (buccal swab samples). They 
were classified as “high risk” (HiR) if they met any 1 of the 3 

criteria. Therefore, tooth loss was compared across four groups 
designated as HiR-P1, HiR-P2, LoR-P1, and LoR-P2.

Genotyping

Buccal swabs were self-collected by patients and submitted by 
mail to the University. Samples were genotyped (see Appendix 
for methods and criteria for positive/negative status) for specific 
IL-1 single-nucleotide polymorphisms (SNPs) in a CLIA-
certified genetics laboratory (Interleukin Genetics, Waltham, 
MA, USA) and classified as IL-1 genotype-positive or  
-negative by 2 versions of a genotype test. The primary analysis 
used genotype version 1, and some secondary analyses used ver-
sion 2 (identified in the text).

Statistical Analysis

The primary outcome was the 16-year proportion of patients hav-
ing tooth loss events, identified as ≥ 1 tooth extracted according 
to American Dental Association Current Dental Terminology 
(CDT) tooth extraction codes (American Dental Association, 
2010), excluding 3rd molars. Secondary analyses used all dental 
procedure costs submitted by the dentist during the observation 
interval and periodontal treatment costs including CDT codes for 
surgical, non-surgical, and local chemotherapeutic procedures 
for periodontitis treatment (see Appendix). Demographic charac-
teristics were summarized, with means and differences among 
patient groups assessed by the Wilcoxon Rank-Sum test (for 
continuous measures) and a chi-squared test of association (for 
categorical measures). Logistic regression was used to estimate 
and compare extraction rates among patient groups at each indi-
vidual time point. Logistic regression was also used to estimate 
the pattern of extraction rates over time; statistical significance 
was assessed with an empirical estimate of variance to account 
for correlation of measures from the same participant. Statistical 
significance was defined as p < .05.

Results

From 25,452 individuals meeting inclusion criteria, 9,927 (0.39 
of eligible) consented to participate, and 5,117 (0.515 of con-
sented) returned completed questionnaires (Table) and were 
successfully genotyped (Fig. 1).

Preventive Visit Frequency Relationship to Event Rate by 
Risk Classification

Preventive visit frequencies remained consistent with the index 
period for P2 patients from 7 through 11 yrs (mean 1.8/yr, 
median 1.8, IQR 1.7-1.8) and from 12 through 16 yrs (mean 1.8/
yr, median 1.8, IQR 1.8-2.0). Frequencies for P1 patients 
remained mainly once annually from 7 through 11 yrs (mean 
1.3/yr, median 1.3, IQR 1.0-1.7) and exhibited some drift from 
the index period at 12 through 16 yrs (mean 1.6/yr, median 1.5, 
IQR 1.2-1.8). In later years, some P1 and P2 patients had 3 to 4 
preventive visits/yr, most likely prompted by disease diagnosis.

Interactions of risk status and frequency of preventive visits 
on tooth loss were evident at 16 yrs (Fig. 2A), with a 13.8% 
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cumulative event rate for LoR-P2, in contrast to 22.1% in HiR-
P1 patients.

LoR-P2 patients did not have lower frequency of tooth loss 
events than did LoR-P1 patients (Fig. 2A; p = .092). At 16 yrs, 
an additional 2.6/100 LoR patients (16.4/100 for LoR-P1 vs. 
13.8/100 for LoR-P2) experienced events associated with one 
less preventive visit/yr (Fig. 2A; p = .092). Furthermore, the 
slope of the absolute difference between 1 and 2 visits annually 
for LoR patients was not different from 0 (Fig. 2B; LoR P1-P2 
diff; p = .36).

HiR-P2 patients had significantly lower event rates compared 
with HiR-P1 patients (Fig. 2A; p = .002). At 16 yrs, an additional 
5.2/100 HiR patients (22.1/100 for HiR-P1 vs. 16.9/100 for HiR-
P2) had events associated with 1 less preventive visit/yr (Fig. 2A; 
p = .002). The absolute difference in events between 1 and 2 
preventive visits annually for HiR patients over time differed 
from 0 (Fig. 2B; HiR P1-P2 diff; p = .005).

The mean number of additional teeth lost over 16 yrs associ-
ated with approximately 1 less preventive visit annually was 
0.127 teeth (p < .001) in HiR patients and 0.082 teeth (p < .001) 

Table.  Patient Demographics

Measure
1 Preventive Visit/yr  

(n = 1,584; %)
2 Preventive Visits/yr  

(n = 3,533; %) p value

Age mean (Interquartile range) 47 (44, 50) 47 (44, 50) .87
Race (White frequency) 96 98 .17
Female (frequency) 63 67 .004
Smoking (frequency) 18 19 .57
Diabetes (frequency) 9 7 .03
IL-1 genotype (Positive) 38 37 .44
Other Reported Diseases
  Psoriasis 4 4 .541
  Rheumatoid arthritis 3 3 .944
  Seizure disorders 1 1 .675
  Inflammatory bowel disease 2 3 .496
  Crohn’s disease 1 0 .086
  Ulcerative colitis 1 1 .238
  Kidney disease 1 1 .965
  Sjögren’s Syndrome 0 1 .494
  Organ transplant 0 0 n/a
  Cancer or malignancy 14 15 .326

Consumption of alcohol (responded anything other than  
“< 1 drink/day”)

18 17 .849

  None of above 75 75 .900
Osteoarthritis 20 20 .711
  2 or more yrs of medication 46 49 .342

  Non-steroidal 11 12 .386
  Steroidal 1 1 .763

Osteoporosis 11 13 .019
  2 or more yrs of medication 66 75 .009

  Bisphosphonate 8 11 .008
  Hormone replacement therapy 3 4 .126

Chronic Pain 21 19 .140
  2 or more yrs of medication 78 83 .053

  Ibuprofen 10 8 .045
  Naproxen 6 6 .786
  Aspirin 5 4 .029
  Steroids 2 2 .341

Asthma or Chronic Obstructive Pulmonary Disease (COPD) 13 11 .029
  2 or more yrs of medication 60 61 .761

  Corticosteroids 2 1 .034
  Inhaled steroids 7 6 .230

Heart Arrhythmia or Heart Condition 18 15 .014
  2 or more yrs of medication 55 58 .493

  Statins 10 9 .451
  Beta blockers 7 5 .069
  Use of low-dose aspirin 51 48 .060

Numbers in boldface indicate a p value of < .05.
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in LoR patients. The mean cumulative 
number of teeth lost over 16 yrs in 
patients who had events ranged from 
1.55 to 1.81 in LoR patients and from 
1.86 to 2.01 in HiR patients, depending 
on preventive visit frequency.

Version 2 of the IL-1 genetic test 
gave results comparable with those in 
version 1 relative to differences between 
1 and 2 preventive visits (Appendix 
Fig.).

Risk Factor Relationship to  
Event Rate

The frequency of events in all patients 
increased with the number of risk factors 
(Fig. 3A; p < .001 at 11 and 16 yrs). 
Event rates (Fig. 3B) were not different 
by preventive visit frequency for patients 
with diabetes alone (25.3% for P1 vs. 
18.8% for P2; p = .296) or smoking 
alone (26.6% for P1 vs. 21.2% for P2; p 
= .179), which may reflect sample size, 
whereas event rates for patients with the 
IL-1 genotype alone differed by fre-
quency of preventive visits (17.0% for 
P1 vs. 12.7% for P2; p = .029). In 
patients with any single risk factor, an 
event rate of 20.0% was associated with 
predominantly 1 annual preventive visit, 
in contrast to an event rate of 15.3% for 
2 visits (Fig. 3B; p = .007). The corre-
sponding rates in patients with zero risk 
factors were 16.4% for P1 and 13.8% for 
P2; neither rate was significantly differ-
ent from that in patients with 1 risk fac-
tor (Fig. 3B; p = .077 and p = .207, 
respectively). Patients having 2 or 3 risk 
factors had higher event rates of 30.1% 
for P1 and 23.5% for P2; these rates 
were different compared with 0 (p < .001 for both P1 and P2) 
and 1 risk factor (p = .005 for P1; p < .001 for P2).

Preventive Visit Frequency and Risk Factor  
Relationships to Costs

Total 16-year dental care costs for the 5,117 patients were 
$40,080,710. The results comparing cost of care are shown in 
the Appendix. Costs based on visit frequency are shown in 
Appendix Tables 2 and 3.

Discussion

Among adult regular users of dental services with no prior diag-
nosis of periodontitis, our study showed that, for LoR patients, 
as determined by non-smoking, no history of diabetes, and 
absence of specified IL-1 genotypes, the percentage of patients 

with tooth loss events over 16 yrs associated with 2 preventive 
prophylaxis visits annually was not different from the percent-
age with habitually 1 visit annually. For HiR patients, as indi-
cated by 1 or more of the 3 risk factors, biannual preventive 
visits were associated with a lower event rate than 1 annual visit. 
In addition, the percentage of patients with events increased 
with increasing numbers of risk factors. Analysis of the data also 
indicated that 2 preventive visits annually may not be sufficient 
to reduce tooth loss in patients with more than 1 risk factor.

About 8.5% of the adult population develops severe peri-
odontitis (Eke et al., 2012), but treatment prevents disease pro-
gression in 75% to 80% of these patients (Lindhe and Nyman, 
1984; Tonetti et al., 1998). Smoking, diabetes, and specific IL-1 
genotypes are risk factors for periodontitis (Taylor et al., 1998; 
Meisel et al., 2003), and smoking and IL-1 genotype influence 
tooth loss post-treatment (Axelsson, 2002; Persson et al., 2003; 
Eickholz et al., 2008).

Figure 1.  Patient enrollment. Of a total of 25,452 individuals to whom letters were mailed, 
12,212 responses were returned, of which 9,927 were from those consenting to participate 
in the study. From these individuals, 9,872 were mailed enrollment kits, and 5,578 individuals 
returned enrollment kits for the study. After exclusion of individuals for specific issues noted 
above, 5,291 individuals were genotyped. In total, 5,117 individuals had complete 
questionnaires and genetic information for analysis.
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The present study showed that population subgroups strati-
fied by previously identified risk factors for PD exhibited differ-
ent rates of clinical benefit associated with different frequencies 
of preventive care, and that genetic biomarkers combined with 

conventional lifestyle and co-morbidity 
risk factors can improve relevant stratifi-
cation. In terms of long-term tooth loss, 
we identified a group associated with 
greater benefit from 2 preventive dental 
visits annually and another group where 
the additional visit was not associated 
with benefit. The current study did not 
explicitly address risk factors for dental 
caries.

We studied 16 consecutive years of 
claims data from patients during the peak 
age of incident periodontitis (Eke et al., 
2012). For LoR patients, the slope over 
time of the absolute difference in event 
rate between 1 and 2 annual preventive 
visits did not differ from zero, indicating 
that longer monitoring is unlikely to 
change the primary outcome. In this real-
world population of patients who see 
dentists regularly and have no history of 
periodontitis, the tooth loss may be rather 
low. It would take many years of expo-
sure to 1 less preventive visit/yr for aver-
age LoR and HiR patients to lose 1 
additional tooth [LoR, 195 yrs =  
1/(0.082 teeth/16 yrs); HiR, 126 yrs = 1/
(0.127 teeth/16 yrs)]. Different stake-
holders must determine what constitutes 
clinical meaningfulness for the added 
cost of care; however, 2 preventive visits 
provided only suggestive evidence of 
benefit in LoR patients compared with 
the clear benefit associated with 2 pre-
ventive visits vs. 1 in HiR patients. One-
visit patients with 2 to 3 RFs had an 
event rate (30.1%) almost twice that of 
LoR patients (1 visit, 16.4%; 2 visits, 
13.8%), further supporting the value of 
risk stratification to guide prevention.

Of particular interest is that 2 annual 
preventive visits may be inadequate in 
patients with more than 1 risk factor, in 
that patients with multiple risk factors 
and 2 preventive visits had event rates 
more than 50% higher than patients with 
0 or 1 risk factor. We speculate that 
patients with 2 or 3 risk factors may 
require more than 2 preventive visits, but 
this database does not permit direct 
assessment of this hypothesis. In the 
present study of the 534 patients with 2 
or 3 risk factors, 67.6% were IL-1 geno-
type-positive smokers.

The strengths of our study include a clinically relevant popu-
lation, an objective primary endpoint, a prospective hypothesis 
for testing pre-defined risk categories, a long monitoring period, 
collection of an objective genetic biomarker as part of the risk 

Figure 2.  The influence of risk status and frequency of preventive visits on tooth loss events. 
Panel A demonstrates a 13.8% cumulative event rate for low-risk patients with 2 preventive 
visits annually (LoR-P2), in contrast to 22.1% in high-risk patients with 1 visit annually (HiR-P1). 
In low-risk (LoR) patients, 2 preventive visits per yr (LoR-P2) were no better than 1 preventive 
visit per yr (LoRP1) in reducing the percentage of patients with tooth loss events over 16 yrs. 
In high-risk patients, 2 preventive visits per yr (HiR-P2) significantly reduced the number of 
patients who had events, in contrast to 1 visit per yr (HiR-P1; p = .002). The ‘irregular care’ 
patients are individuals with limited numbers of visits during the indexing period (Table), while 
the patients considered to have periodontitis during the indexing period were identified 
according to high-frequency visits of > 14 during the six-year time frame. Panel B shows that 
the slope of the absolute difference between 1 and 2 preventive visits annually for HiR patients 
over time differed from 0a (HiR P1-P2 diff; p = .005). At 16 yrs, an additional 2.6/100 LoR 
patients experienced events as a result of 1 preventive visit per yr in contrast to 2, and the 
slope of the absolute difference between 1 and 2 preventive visits annually for low-risk patients 
over time was not different from 0b (LoR P1-P2 diff; p = .36). At 16 yrs, an additional 5.2/100 
HiR patients had events as a result of 1 preventive visit per yr, in contrast to 2. In the first 11 
yrs of monitoring, HiR patients displayed no difference in the event rate based on the 
frequency of preventive visits (p = .261). The trends between the 2 slopes were not different 
(p = .76).c
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assessment, and stringently defined a 
priori criteria for 1 and 2 preventive 
visits annually.

Some potential limitations need clari-
fication. First, the patients who had 
mainly 1 preventive visit annually were 
insured for 2 visits within the same plan as 
those who had 2 preventive visits annu-
ally. We do not know why these patients 
sought less preventive care. Some patients 
may have been advised by their dentist 
that their clinical state did not require 
biannual preventive care; in others, it may 
have reflected poorer health behaviors in 
general. Some objective indicators sup-
port the latter assumption, including more 
frequent histories of heart condition 
(Table: 18% vs. 15%; p = .014) and 
asthma or chronic obstructive pulmonary 
disease (COPD) (13% vs. 11%; p = .029). 
However, LoR patients with mainly 1 
preventive visit did not experience worse 
outcomes than those with mainly 2 pre-
ventive visits, as one might expect if the 
one-visit patients had poorer health 
behaviors. Second, the rate of tooth loss 
was lower than in some previous reports 
(Dietrich et al., 2007; Holtfreter et al., 
2012). The rate observed in our study 
population is likely to be lower than that 
in the general population, primarily 
because of protocol exclusion of patients, 
based on claims data, for whom the study 
hypothesis would not be relevant, i.e., 
diagnosis of periodontitis prior to the 
monitoring period which qualified 
patients for > 2 preventive visits annually 
(Fig. 2A; Early PD), or they sought only 
symptomatic care with little preventive 
care (Irregular Care). Analysis of tooth 
loss data available for both of those popu-
lations showed relatively high tooth loss 
rates (Fig. 2A; Appendix Table 1). We 
explored the generalizability of the study 
population by comparing tooth loss rates 
with those from another employee group 
in the same payer database (Appendix 
Table 1). The primary differences between 
the two employee groups were frequen-
cies of the excluded patient segments. 
Third, causality cannot be inferred from 
this, or indeed any, observational study. 
This limitation can be fully overcome 
only by the use of randomization with 
respect to treatment groups. Such a study 
would likely require several thousand 
patients randomized to 1 or 2 preventive 
visits and followed for > 10 yrs.

Figure 3.  Frequency of tooth loss events in patients relative to the number of risk factors. 
Panel A shows that the increasing numbers of risk factors at 5 yrs were not significant (trend 
p = .168), while from years 11 to 16 the trend was significant with increasing numbers of 
risk factors (p < .001). In Panel B, event rates were not different by preventive visit frequency 
for patients with diabetes alone or smoking alone (p = .296 and p = .179, respectively), 
whereas event rates for patients with the IL-1 genotype alone differed by frequency of 
preventive visits (p = .029). In patients with any 1 risk factor, 1 annual preventive visit 
increased the event rate in contrast to 2 (p = .007). Among all patients with 1 preventive 
visit annually, having any 1 risk factor in contrast to 0 did not increase event rate (p = .077), 
but having 2 or 3 risk factors increased the event rate in contrast to 0 (p < .001) and 1 risk 
factor (p = .005). Findings were similar among patients with 2 preventive visits annually, for 
1 risk factor in contrast to 0 (p = .207), and for 2 or 3 risk factors in contrast to 0 (p < .001) 
and 1 risk factor (p < .001).
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Fourth, since dentistry has no diagnostic codes, reasons for 
extractions are not known, and few large databases include den-
tal caries or periodontitis diagnostic data in clinical treatment 
settings. Since tooth loss in adults is attributable primarily to PD 
and caries, we used dental extraction codes as an outcome that 
reflects the cumulative effects of both. Since preventive care is 
applied at the patient level, not the tooth level, and risk factors 
used for stratification act at the patient level, the primary out-
come used was absolute proportion of individuals with ≥ 1 tooth 
extraction during the monitoring period. Most patients (approx-
imately 80%) in the sample lost no teeth, so the mean number of 
teeth lost in the population would not inform an  
individual’s likelihood of an outcome. Tooth loss events lead to 
substantial direct costs for tooth replacement and should be an 
appropriate outcome for the effectiveness of long-term preven-
tion of oral diseases.

Fifth, a six-year index period was used to qualify patients as 
mainly attending for either 1 or 2 preventive visits annually, with 
tooth loss monitored during that period and for 10 years follow-
ing. It is of course not possible for the visit frequency to remain 
consistent over long time periods, since some patients will 
develop disease and be advised, or choose, to attend more fre-
quently, and others may have life changes that alter consistency of 
attendance. In spite of this predictable challenge with long-term 
studies, the frequency of visits remained very consistent through-
out the monitoring period in P2 patients and remained reasonably 
consistent through 11 years in P1 patients. Although the interquar-
tile ranges of P1 and P2 did not overlap during any five-year 
period, we should not assume that all patients consistently 
attended 1 or 2 preventive visits for each of the 16 yrs.

Sixth, although 39% of invited individuals consented to par-
ticipate, and 51% of those returned complete data, selection 
biases may have been introduced. No demographic information 
is available for the original population beyond study inclusion 
criteria and tooth loss. It is therefore not possible to explore 
potential biases by comparing the study sample with the original 
population.

Stratified or personalized medicine aims to achieve better 
outcomes for patients and optimal use of health care resources 
by integrating genomic, phenomic, and clinical information to 
predict disease susceptibility, clinical progression, and responses 
to prevention and treatment regimens; but practical translation 
requires sufficient clinical validity and utility to produce value 
for clinical adoption (Chan and Ginsburg, 2011; Kornman and 
Duff, 2012). The present study may provide a proof-of-principle 
that resources could be targeted to selected groups for public 
health gain in the prevention of a chronic disease. In addition, in 
this instance, the cost of risk-based population stratification plus 
stratified intervention was calculated as being lower than in the 
model where the same prevention regime is applied equally 
across the population.
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