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Introduction

1 Introduction

1.1 Objective of the study

The purpose of this study is to determine riskdectind risk indicators predicting high
dental caries increment in adults (20 - 79 yeavs)d in North-East Germany in order
to develop a prediction model. The study is basedhe longitudinal data obtained
from the “Study of Health in Pomerania” at basel{8&l1P-0) and at the 5-year follow-
up (SHIP-1).

1.2 Motivation for the study

Dental caries prevalence and incidence has dect@asiee industrialized countries and
even worldwide [Petersen et al. 2005]. Neverthelessonal caries in adults is still a
major problem considering quality of life as well tieatment costs. Generally, in the
industrialized countries a polarized distributioh caries can be observed, which
emphasizes the need for an early identificatiopedple at high risk of dental caries
incidence in order to apply a time and cost effecipreventive therapy [RKI 2009,
Bratthall et al. 2005, Bader et al. 2001, Hause®71.9

Therefore, dental caries as a multi-factorial, lizeal, infectious oral disease
has been a target of studies for decades in codiand the right formula of risk factors
and risk indicators predicting caries incidenc@iaups and individuals [Selwitz et al.
2007, Powell 1998]. Even so, most cross-sectiosalwall as longitudinal studies
concentrated on examining children up to 16 yeérmsge or elderly populations aged
over 65 years. Only very few studies examined yeuragult populations [Powell
1998]. Therefore, a need for longitudinal coronat aoot caries incidence studies
especially in adults remains evident [NIH 2001] atamlisen [1997] stated in a review
that “... with present knowledge of dental cariesacourate prediction in an individual
person or tooth is possible.”

The prediction of caries incidence in children bagn well investigated, as the
main predictors are high baseline dmfs/t and lowempi@l social status/educational
status [Twetman and Fontana 2009, Alm et al. 20@@jliaferro et al. 2008, Reisine
and Psoter 2001]. Contrarily, meaningful resultganies prediction in adults are rare,
though it will become even more essential as thmujabion in most parts of Europe is
aging [Giannakouris 2008]. In a cohort study witkimilar study objective and similar
methods performed in elderly Mexicans, a practmadiction model using multiple
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factors was developed for a 12-months root cameslénce [Sanchez-Garcia et al.
2011]. Similarly, the aim of this study is to demela prediction model for high
increment of coronal caries in adults aged 20 y&ds.

1.3 Special strengths of the study and its design

This study is based on the longitudinal data oletifrom SHIP-0O (baseline) and
SHIP-1 (5-year follow-up). Especially the large gdensize as well as the collection of
many different factors, which allows analyses ag@@l combinations concerning oral,
medical and socio-economic variables validatesotiieome of the study. According to
the World Health Organization (WHO) the standarpresentative adult populations
are adults aged 35 - 44 years and seniors aged B8 years [WHO 1997].
Nevertheless, adults belonging to different ageugsomight have different risks of
coronal caries. Therefore, adults aged 20 - 79syatibaseline (SHIP-0) were included
in the Study of Health in Pomerania, which, to nmpwledge, makes it one of the very
few population-based longitudinal studies with @érdata and, therefore, poses an

excellent basis for statistical analyses [Hensal.€2003].

1.4 Clinical value

Building on the knowledge obtained from studiescanies prediction in children and
adults in the past decade, the objective of thimdostudy is to determine baseline risk
factors and risk indicators predicting high dentalies incidence in adults. The
identification of the patients at high risk of @wiincrement plays an essential role for
the aim to decrease caries levels in general andhf® reduction of the polarized
distribution of caries experience as the distrilnutof caries has been changing due to
population-based prevention [Burt 1998]. With arcuaate prediction in this study
group, which is thought to be representative fax #ging population in Germany,
preventive and restorative demands can be estimatethermore, these results could
be the basis for preventive strategies modifyingomask factors in adult populations
[Hellwig and Altenburger 2011]. Moreover, group yeation could be started on the
basis of the findings in this study as the adultdigh risk of high caries increment
could be identified. Consequently, a preventiverapgh could be established and the
foundation can be laid whether the focus of prewenshould be put on the high risk
group concerning behavioural and socio-economaetbfs or on the entire population

e.g. with the application of chemical substancesi[Cate 2001].
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2 Literature review

2.1 Aetiology and definition of dental caries

Dental caries as a multi-factorial, localized, ctfeus oral disease is seen as a process
of chronic demineralisation of dental hard tissum®Iving the interaction of multiple
biological factors such as the host (teeth and/@glthe agent (biofilm/dental plague)
and substrate (diet) over time and might affecttatenindividuals a life long
[Pschyrembel 2007]. Furthermore, the process oftalleparies is not constant
throughout life, occurring in time periods of arbafanced shift towards the process of
demineralisation and non-sufficient remineralisatiand/or fluoride use [Fejerskov
1997 review]. Carious lesions can be localizedrovo and root surfaces and are often
defined depending on the stage of the processtaulifferent therapeutic approach into
initial caries,caries media andcaries profunda. Initial caries lesions are non-cavitated,
demineralised so-called white spots within the eslanvhich can be treated with the
application of fluoride.Caries media defined as a cavitated lesion reaching at
maximum to the mid of the dentine is usually trdatea filling therapy, whereas
endodontic therapy or extraction might be neces$arycaries profunda, which is
described as a deeply cavitated lesion reachimgtiet 2 half of dentinal tissue close
to the pulp [Selwitz et al. 2007, NIH 2001].

2.1.1 Definition of the DMFT/S

DMFS is an index for decayed, missing and filledtlosurfaces due to caries, which
was introduced already in 1938 [Klein et al. 1938is used in dental epidemiology to

characterize the coronal caries experience of sopeon a surface level in contrast to
the DMFT (decayed, missing and filled teeth), whitnds for caries experience on a
tooth level. The index is calculated for 28 pernmrieeth excluding the wisdom teeth

with 4 to 5 surfaces each. This leads to 128 sesfawhich can be affected by caries
(experience) at maximum [Oral health database 2011]

2.2 Epidemiology of dental caries

2.2.1 Caries prevalence in the world

Worldwide, dental caries is still considered onetltd main epidemic diseases as it
affects major parts (60 - 90 %) of children andladapulations in industrialized and
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developing countries [Peterson et al. 2005, Hobdellal. 2003]. This holds true
although its prevalence declined significantly e fpast decades. The caries decline is
displayed by the decrease of the decayed missilegl fieeth index (DMFT) [WHO
2003]. Especially the underprivileged groups ofaaks in the world suffer intensely
under the burden of dental caries exhibited by &rpped distribution of caries
prevalence [WHO 2003, Ten Cate 2001, Ettinger 1999]

2.2.2 Caries prevalence in the Western world

Despite the clear decline in dental caries in Wadkirope, groups with a lower socio-
economic status are more frequently affected biesadue to the association between
poor living conditions and an unhealthy lifestyleefersen and Yamamoto 2005],
which affects dietary, smoking and drinking halatswell as oral health and hygiene
behaviour. Dental caries becomes a burden espedaill the aging and elderly
population for the reason that the number of remgiteeth in adults increases [RKI
2009, Petersen et al. 2005, Ten Cate 2001].

2.2.3 Caries prevalence in Germany

In Germany, two large-scale representative studiesntly collected national data on
the prevalence of dental caries in different agaugs of the population: The German
Oral Health Survey called “Deutsche Mundgesundsitie” (DMS) and the “Study
of Health in Pomerania” (SHIP).

2.2.3.1 German Oral Health Survey (DMS)

In the fourth cross-sectional German Oral Health rv&p “Deutsche
Mundgesundheitsstudie IV’ (DMS 1V) completed in 30@he oral health of in total
4,631 subjects was examined. The response was¥eaid the sample included 925
adults aged 35 - 44 years and 1,040 seniors aged#years [Micheelis and Schiffner
2006].

As in 1997 the third cross-sectional German OralltheSurvey (DMS 1) was
completed with 3,065 subjects with a response 0&t63.6 %, comparable data is
available to observe caries incidence along with itfentification of potential risk
factors and risk predictors for dental caries iis thight year period [Micheelis and
Schiffner 2006, Micheelis and Reich 1999]. For fthist time, a decline in coronal
caries prevalence in German adults could be obdefvas decline is reflected by the
decrease of the missing teeth (MT) component frddnir8DMS Il to 2.4 in DMS IV

6



Literature review

in adults aged 35 - 44 years and from 17.6 to i¥skniors aged 65 - 74 years. These
findings reflect that in the post-war generatiotr&stion was a more common therapy,
especially in the former GDR [Micheelis and Baud@®@]. In retrospect, root caries
prevalence increased in seniors, but remained @midar level in middle-aged adults.
In 1997, only 20.5 % of dentate seniors had rodesawhereas in 2005 already 34.6 %
of this group had root caries, assuming that lorigeth life and periodontal treatment
lead to gingival recession and therefore, put nbee¢h at risk of root caries [RKI 2009,
Powell et al. 1998]. In DMS IV, adults aged 35 - with a lower school education
showed less satisfying oral hygiene, a low freqyesfcdental visits and significantly
more caries experience, both for DMFS and root yitdilled surfaces (RDFS). The
degree of filled surfaces (FS) was similar in altis-economic classes, whereas the DT
and MT component was significantly higher in suljewith a low socio-economic
status [Micheelis and Schiffner 2006]. Even in senaged 65 - 74, DMFS scores were
significantly connected to the level of school emtian, although school had been
completed many decades ago. In contrast to the DNMEREes, the root caries index
(RCI) was not significantly connected to the degreéschool education, but positively
correlated to a better oral hygiene and more frefjdental visits, possibly as they were
the only group with retained teeth. Seniors witlow@er socio-economic status were at
2.9 times higher risk to be toothless than subjeds a high socio-economic status. A
general relationship between oral health behavamar general health behaviour could
be identified. Smoking was found to be a significask factor for periodontal disease
as the risk to develop periodontal disease was&stihigher for smokers. Smoking also
enforces cardiovascular disease and is often cteshewith alcohol consumption
and/or a sweet diet. Thus, the body mass index JBMd especially the DMFS as well
as the RDFS increased [Al-Habashneh et al. 2008hééilis and Schiffner 2006].

In adults and seniors carious lesions developedlynaiterdentally and on root
surfaces. Subjects with low school education, sweoérd females were significantly at
higher risk of caries [RKI 2009, Micheelis and Stiter 2006].

2.2.3.2 Study of Health in Pomerania (SHIP)

In the cross-sectional survey SHIP-0 (20 - 79 yea@sponse 69 %) 4,022 participants
were orally examined from 1997 to 2001. After exiohg 499 edentulous subjects
(12 %) the remaining 3,523 were included in the taleexamination collecting

parameters for oral health including e.g. cororaiies (DMFT/S) and root caries

(RDFES, RCI), periodontal parameters and restorasiocording to WHO guidelines
7
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[Mack et al. 2004, Hensel et al. 2003, Spliethle2@03 and 2004]. In contrast to the
polarized distribution of coronal caries, root earfilled surfaces (RDFS) were quite
evenly distributed. For each subject, RDFS coumtsne or two were common. The
mean RDFS increased from 0.4 per individual aged 2% to 2.3 for each individual
aged 55 - 64 and declined for older seniors duewer remaining teeth [Splieth et al.
2004]. RDFS were predominantly found on buccal ae$, especially in lower
premolars. 69.5 % of affected root surfaces weledfiln SHIP-0 the values of the RCI
and the DMFS increased with age [Splieth et al.420Burthermore, dentate women
had generally higher DMFS scores than men. Tredtmerds due to primary or
secondary carious lesions (DS) were low, whiledhges prevalence was found to be
high compared to Sweden or the USA, but on a sinelel than nationwide data for
Germany [Splieth et al. 2003]. Females of the regméative age group for adults (35 -
44 years) had a DMFT of 9.5 £2.6 (DMFS 34.0 £1D§ 0.6 £1.9), whereas men of
this age group had lower caries experience withMFD of 8.2 +2.9 (DMFS 27.4
+14.0; DS 0.6 +£1.4). Women of the representative g@up for seniors (65 - 74 years)
had a clearly higher DMFT of 12.3 +2.3 (DMFS 531B48; DS 0.2 +0.8), while males
in this age group again had a lower caries expegiéDMFT of 11.9 £2.7; DMFS 52.1
+14.8; DS 0.3 £1.1) [Splieth et al. 2003].

2.3 Definition of caries risk factors and risk predictors

Risk is the probability of a harmful event occugiduring a certain period [Rodrick

1992]. Risk factors are variables obtained fromsstsectional data, which show a
significant association with a certain harmful eivémg. dental caries). Risk factors
may not be necessarily aetiological factors, baythre used to create a risk model. In
comparison, risk predictors detected in longitutistadies are baseline factors with the
ability to predict upcoming events and, therefomes associated with the disease.
Nevertheless, risk predictors are not necessaalsal factors; still, they are used in
prediction models [Tagliaferro et al. 2008].

Relevant predictors need to predict an event witligh sensitivity, e.g. a true
positive rate of 100 % means that all healthy peoyll be recognized as healthy, and
a high specificity, e.g. a true negative rate 0® 260 means that all sick people are
recognized as being sick. For an accurate predican accumulated specificity and
sensitivity of 160 % is targeted [Hausen 1997, Kmag 1990]. The fraction of false

negative results, which comprises sick subjectdipted to be healthy, needs to be as
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low as possible. In a review, Powell [1998] pointegt that long time periods in
incidence studies lead to a less precise sengitiwith prediction model — possibly due
to changes in the course of time.

Dental caries as a multi-factorial disease seentikely to be predicted by a
single risk predictor [NIH 2001]. Despite high s#ingy and specificity values, the
prediction in individual adults is difficult andteh inaccurate [S6derholm and Birkhed
1988]. In order to justify the effort of specialepentive treatment for identified caries
high risk groups, these groups should not exceedturd of the population, otherwise
the preventive treatment should be targeted aetitiee population [Hausen 1997]. In
addition, it is important for the application ofpaeventive strategy that dominant risk
factors in high risk groups are susceptible to gedisbaraini and Evans 2008].

In the following paragraphs an overview will be givon the risk factors

identified in cross-sectional studies and the pidépredictors of dental caries.
2.3.1 Oral factors

2.3.1.1 Caries experience

Most caries prediction models use an index foresagxperience such as DMFS or
DMFT scores as one of their key variables. DMFSidl RDFS in adults refer to caries
experience in the past which correlate with thejexils age and do not describe
precisely the current caries activity at the pawhtinvestigation, whereas decayed
coronal surfaces (DS) and decayed root surfacesS{Rfnphasize on the present
situation [Fontana and Zero 2006]. Neverthelessstrstudies on caries prediction in
adults provide information that previous cariesearignce on coronal (DMFS) and/or
root surfaces (RDFS) are strong predictors as thegal the capability of the host to
deal with the process of the disease [Selwitz.e2@)7, NIH 2001, Gilbert et al. 2000,
Scheinin et al. 1994, Joshi et al. 1993].

In a 24-month incidence study on coronal carieBlorida/USA, baseline DS,
FS and number of teeth were identified as signifideseline factors predicting dental
caries incidence in adults [Gilbert et al. 2001heChas to be aware that prosthetic
restoration like crowns may play a key role forreased DMFS scores. It may not be
unlikely that a vast majority of incident crowns re&eapplied on teeth without active
coronal caries [Gilbert et al. 2000].

The number of teeth has a highly significant infloe on the RDFS index, as
every single tooth with gingival recession is pspadised for the development of root

9



Literature review

caries [Sugihara et al. 2010]. Loss of teeth reslube possible amount of surfaces at
risk for gingival recession and root caries. Theref the number of remaining teeth
and their gingival recession are key factors in degelopment of root caries [Fure
2004, Splieth et al. 2004, Gilbert et al. 2001].tAs RDFS are generally quite low in
epidemiologic surveys, the root caries index (R@presents the fraction of root
caries/filling to the root surfaces at risk, emphiag the root caries risk [Winn et al.
1996, Katz 1984].

In a 24-month incidence study of root caries in Agen adults, several
variables related to caries experience like thepresence of root decay, root filling(s),
coronal decay, non-carious root defects, numbeeeth present, percent of teeth with
at least 4 mm of attachment loss” were identified pmedictive baseline clinical
conditions for root caries incidence [Gilbert et2001]. These results stand in line with
the finding that the “... best predictor for root iear in adults is past root caries
experience” [Powell 1998]. Furthermore, Powell [@PStates in a review on caries
prediction that interestingly “previous disease ront surfaces best predicts disease
incidence on coronal surfaces, while previous disean coronal surfaces is the best
predictor of disease incidence on root surfaces.”

As an explanation for the low but rising prevaleméeroot caries researchers
emphasize that extractions were a common therapyheén post-war generation,
especially in the former GDR and describe the ghifinore endodontic treatment as a
major reason for an increase in the number of neimgiteeth and a higher risk for
coronal and root caries [Splieth et al. 2004, M&iseand Bauch 1996]. Moreover, loss
of teeth or else a low number of remaining teeth loa seen as a marker of extensive
dental disease and a rather surgical approach teed@tment [Sivaneswaran 2009].

In the Cariogram, which is a computerized risk sssent model using an
algorithm of several variables, past caries expegeas also one of the major factors
used for caries risk assessment [Ruiz Miravet.&CG07, Bratthall et al. 2005].

Still, the prediction in adult populations basedaamies experience as a single
factor has not been found to be accurate [Selwital.e2007, Scheinin et al. 1994].
Whereas in children caries experience in the pynaEntition is a highly significant
predictor for caries incidence in the permanenttiden [Tagliaferro et al. 2008,
Vanobbergen et al. 2001].

Fontana and Zero [2006] suggested to use the Variglries activity” for

caries prediction, which poses a different approtwm caries experience. Caries

10
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activity depends on the current amount and therdggwd active carious lesions as well
as plague accumulation rather than DMFS valueschwhostly refers to past caries
experience and, therefore, do not necessarily ateftte caries activity at the
examination point.

Nevertheless, with present knowledge the conclusenbe drawn that clinical
parameters like caries experience on coronal amdéarsurfaces as well as the number
of remaining teeth are the most accurate predictbcsries incidence in adults [Gilbert
et al. 2001, Powell 1998, Worthington et al. 1997].

2.3.1.2 Tooth morphology, tooth surface and position

In adults, root surfaces of anterior teeth alonthwiremolars and interdental surfaces
are more likely to develop coronal carious lesipR&l 2009]. In a 10-year caries
incidence study in Chinese adults, molars were msasteptible and lower anterior
teeth least prone to coronal caries [Luan et &020n a recent study in Chinese adults
molars and premolars were most susceptible forcgaonés [Du et al. 2009], in contrast
to earlier studies were upper canines and lowanplas [Hellyer et al.1990] or lower
molars [Katz et al. 1982] were found to be mostprto root caries. In SHIP-0 root
carious lesions were most common on buccal surfandsin mandibular premolars
[Splieth et al. 2004].

2.3.1.3 Saliva

The pH of dental plaque can fall below the criticalue 5.3 after carbohydrate intake
and leads to a localized demineralisation of demsadl tissues [Wilding and Solomon
1996, Stephan and Miller 1943]. Wilding and Solomid®96] assumed on the bases of
rare caries findings in lower incisors, as theydtaear the outflow of salivary glands,
that “If the total outflow of saliva can be increds there is a greater chance of
protection of all the teeth in the arch.” As sals@ntains calcium and phosphate ions
remineralisation can take place. Therefore, théebufapacity, the secretion rate and
the composition of the saliva are thought to bevwaht in decelerating the carious
process and strengthening the physiological equilib of re- and demineralization
[Selwitz et al. 2007, Wilding and Solomon 1996, Bdgnd Higham 1995]. On the one
hand, salivary flow and the composition have bekmiified as potential risk factors
for caries in cross-sectional studies [Selwitzle@07, Leone 2001, Reich et al. 1999]
and were successfully used in a caries predictiodain[Tamaki et al. 2009]. On the

other hand, salivary flow rate and buffer capawigre not found to be significant risk
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factors in a recent cross-sectional study in Kuwaiadult patients with severe caries
[Akpata et al. 2009].

Subjects with xerostomia or hyposalivation, e.¢erafadiation therapy or due to
the Sjogren-syndrome, are more likely to developesaCraddock 2008, Leone and
Oppenheim 2001]. Still, the prediction of cariesidtence via salivary factors has not
shown conclusive evidence. Nevertheless, with &rtiksearch on saliva factors using
modern proteomic techniques this field of resedocks promising [Ligtenberg et al.
2007].

2.3.1.4 Bacteria

Streptococcus mutans and Lactobacillus spp. have been identified as the main
microorganism involved in the carious process [8elvet al. 2007]. Therefore,
microbial tests (e.g. Dentoctijt have been commonly used in studies investigating
patient’s caries risk and caries prediction modelgh counts of salivary Mutans
Streptococci and/or Lactobacilli were found to mmsicantly associated with coronal
and root caries incidence especially combined Witih sugar intake or past caries
experience [Tamaki et al. 2009, Akpata et al. 200Shikawara et al. 2006, Fure 2004,
NIH 2001, Reich et al. 1999, Scheinin et al. 1994].

In a recent one year cohort study in elderly Japanthe prediction of the risk
group of coronal caries incidence was shown. Thabdoation of a saliva test that
recognises specifically secretory IgA agaiBsieptococcus mutans and the modified
Saliva Check SM was used for the detection of tigh isk group [Senpuku et al.
2010].

2.3.1.5 Dental plaque

Dental plaque with its microorganisms is an aegjaal factor of dental caries [Selwitz
et al. 2007] and periodontal disease [Seneviratn@l.e2011]. Several dental plaque
indices have been developed in order to monitor ghgent's oral health and to
determine the patient’s caries risk. In some stuthe caries risk increases with a rising
plaque index [Al-Habashneh et al. 2009, Reich .€1299, Joshi et al. 1993].

In order to evaluate the patient’'s current carieBvidly and caries risk the
guantity of plaque is relevant [Fontana and Zer6620Furthermore, the amount of
plaque is susceptible to change and thereforeslevant in the control of the carious
process [Sbaraini and Evans 2008].
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2.3.1.6 Periodontal disease and gingival recession

Gingival recession frequently occurs after periddbrireatment and the arrest of
periodontal disease. This leads to root surfacés;hware exposed directly to the oral
environment and consequently gingival recessiorep@specially a potential risk for
root caries [Yoshihara et al. 2007, Powell 1998jd®ionally, gingival inflammation
has been found to be significantly associated Wwitiher caries experience in young
Swedish adults [Julihn et al. 2006]. Furthermohne, inean DMFT in Jordanian adults
was significantly higher in patients with chronicngjval and chronic periodontal
disease [Al-Habashneh et al. 2009]. The depth ef ghriodontal pocket was also
related to root caries risk [Yoshihara et al. 208§l an attachment loss of more than
4 mm was found to be predictive of coronal carmesidence [Gilbert et al. 2001].
Nevertheless, in a recent study investigating tis& profiles of root caries and
periodontal disease no significant correlation i@:d between root caries and the
severity of periodontal disease [Fadel et al. 20Te findings in a review on
periodontal disease suggest in accordance to tmesmecific plague theory that
insufficient oral hygiene correlates with gingivaflammation and periodontal disease
[Manson and Waite 1983 review]. Moreover, consiugiihat the natural progress of
periodontal disease is low, the influence on DME priobably also low, as periodontal
disease can actually only affect the MT componetich occurs late (> 50 years of
age) in life [Neely et al. 2005, Loe et al. 1992].

2.3.2 Host factors

2.3.2.1 Age

As the DMFT/S and RDFS stand for accumulated cagigserience, these indices
increase with age: older age groups have highé&saxperience [RKI 2009, Bratthall

et al. 2005, Luan et al. 2000, NIH 2001]. Nevertss| the number of DS, meaning
unrestored carious defects, is generally low argléhéendency to remain constant or
even decline throughout life [Splieth et al. 2003].

2.3.2.2 Gender

Female gender has been identified as a potenglklfactor for higher dental caries
experience in the Western World. Women generalgwshigher DMFS scores than
males [Armfield et al. 2009, Selwitz et al. 2007icheelis and Schiffner 2006, Splieth
et al. 2003], as they attend the dentist regularig undergo dental treatment at an
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earlier point [Astrgm et al. 2011]. One can speteuthat these higher DMFT/S values
are, therefore, due to a higher oral rehabilitatiat®, which means more restorations
(e.g. fillings, crowns or bridges) and consequenttyre affected surfaces due to dental

treatment.

2.3.2.3 Genetic factors and immune system

An isolation of genetic factors is principally coliecpted, but through twin studies the
hypothesis of genetic contribution to dental carriek has been underlined in various
studies and was summarised in a review. Shulerl[Péiated that “inherited disorders
of tooth development with altered enamel structumrease the incidence of dental
caries.” This means that inheritance plays a nolthé susceptibility and the resistance
to dental caries since it contributes to the dgwalent of dental hard tissues such as
mineral content, enamel porosity, enamel proteiasaltered immune response and

sugar metabolism as well as to the function olvaaji glands.

2.3.2.4 General medical factors

General health conditions like cardiovascular asmcblorovascular diseases or diabetes,
have similar risk factors as oral diseases likeesaand periodontitis [Zoellner 2011
review]. Important risk factors are, e.g. specifietary habits, tobacco and alcohol
abuse. A clear differentiation between the diseaskthe habit as a risk factor or just as
a marker seems difficult because the habits affextlisease and the other way around.
Hypertension and cancer are common diseases irg ggpulations, especially in
subjects with tobacco and alcohol abuse [Petersoal.2005]. Moreover, altered
immune response induced by HIV/AIDS or immune sappive medication poses an
increased risk to dental caries incidence [Madigfzal. 1996].

Diabetes

Diabetes has been called th® 6omplication of periodontal disease [Loe 1993].
Diabetics are at rising risk of root caries dueléeper periodontal pockets and gingival
recession. But after severe stages of periododabde they are at lower risk of root
caries as the number of teeth decreases [Yosheéhala2007].

In a study on caries risk in children with diabetype | a “statistically
significant positive relationship between carieskrand metabolic control was found,
with a sevenfold increased risk of impaired metabobntrol after 3 years in those
assessed with high caries risk at onset (OR 7<30j01)” [Twetman et al. 2003].
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Hypoalbuminaemia

Serum albumin is used as a practical indicator efiegal health status in elderly
individuals. In a 6-year longitudinal study in 26&ndomly selected 70 year-olds in
Japan, a decreased level of serum albumin was ftaubd associated with higher root
caries prevalence and concluded that therefopefsons with hypoalbuminaemia are

at high risk for root caries” [Yoshihara et al. ZD0

Xerogenic medication

The hypothesis that xerogenic medication resultsannincreased development of
carious lesions seems to be a logical approachealinical observation that patients
with radiation therapy in the area of salivary glarare highly susceptible to caries
[Thomson et al. 2002]. Additionally, higher saliyaflow seems to be a caries
protective factor [Wilding and Solomon 1996]. Nawetess, only few longitudinal

studies have investigated this premise and sumgfisino strong evidence for an
association between xerogenic medication and chassbeen identified [Thomson et
al. 2002].

2.3.3 Behavioural factors

2.3.3.1 Diet

The nutrients and minerals of the diet have diaact indirect effects on the caries risk.
The dynamic caries process is influenced by theposiion and the pH of the saliva,
which itself is influenced by the diet [Touger-Decland van Loveren 2003].

Subjects with hereditary fructose intolerance hatatistically lower caries
experience than control groups, which is quiteatiyeconnected to a diet with reduced
intake of cariogenic sugars [Shuler 2001]. Carresdience strongly depends on the
frequency of sugar/carbohydrate intake and its tohexposure to the dental hard
tissues [Burt and Pai 2001, Krasse 2001, Gustaft@%s#], which nowadays is often
increased due to regular soft drink consumptionrfti al. 2006]. An increased body
mass index (BMI) associated with an unhealthy arsbatanced diet was also found to
be related to a higher DMFS in a representativeugrof low-income African-
American adults [Burt et al. 2006]. Diets contamilots of cheese and other milk
products may decrease the caries risk as well asy usigar-free, alcohol-based
chewing gums [Touger-Decker and van Loveren 20034 retrospective longitudinal

study on the correlation between diet intake andtadecaries in Japanese seniors a
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positive association between a milk and milky pradiiet and root caries prevalence
was depicted [Yoshihara et al. 2009]. Still, carm®diction using single dietary
variables is less reliable than combinations otadie factors (amount/frequency of
sugar, food adhesiveness and dietary fluoride expdswhich is due to the complexity

of dietary patterns [Ruxton et al. 2010].

2.3.3.2 Smoking

In a recent cross-sectional study in young Jordem@idults the mean DMFT was
significantly higher in smokers of all ages [Al-Hehneh et al. 2009]. In accordance
with earlier findings cigarette smoking correlategh a deterioration of periodontal
conditions also in a representative populationaipah [Ojima et al. 2006], leading to a
higher risk of root caries incidence. In a 10-ylmgitudinal study in Swedish elderly
the number of cigarettes or else the amount ofcmavas identified as one of the
predictors of coronal and root caries incidencer¢F2004]. Smoking poses a severe
risk to multiple general health conditions [Depastrih of Health, Education, and
Welfare (USA) 1985] and, therefore, could be seeraaonfounding factor for low
health competence [Peterson et al. 2005].
In the above-mentioned 12-months longitudinal stwdth a similar study

objective and similar methods, the prediction moowluded amongst others the

variable smoking [Sanchez-Garcia et al. 2011].

2.3.3.3 Dental anxiety

Dental care has been detected in several studigaya role in caries incidence [Beck
and Drake 1997, Powell 1998]. In the 24-month lardjnal Florida Dental Care Study
the attitude and the approach towards dental cae Wwaseline factors predicting
coronal caries incidence. Regular attendees ofatiesetrvices were found to benefit
with fewer dental symptoms and lower coronal caneglence [Gilbert et al. 2000]. In
the National Survey of Adult Oral Health (NSAOH) iAustralia a significant
relationship between dental fear and higher DThéigMT and a lower FT could be
identified [Armfield et al. 2009]. In an epidemigical survey on German soldiers,
who had to attend dental check-ups, anxious indal&l had significantly higher
numbers of carious lesions (DS). Neverthelessreahlelts do not conclude specifically
whether caries experience causes dental anxiety mtrospect, if dental anxiety poses
a risk to higher DS [Eitner et al. 2006].
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2.3.3.4 Frequency of tooth brushing

A decrease of invasive treatment as well as thi¢ hmore preventive therapy could
be observed since the access to regular fluoride ins1971, e.g. from fluoride
containing tooth paste [Mjor et al. 2008]. In Helgi a representative study was
conducted on 5,028 dentate Finnish adults ageded@syand older. The subjects with a
higher self-reported frequency of tooth brushingvetd a lower prevalence of root
caries [Vehkalahti and Paunio 1988]. Whereas, moae recent study in the USA no
statistically significant relationship between df-seported low frequency of tooth
brushing and more surfaces with root caries wasgm@zed [Reisine and Psoter 2001].

2.3.4 Socio-economical and financial factors

In children, socio-economic factors like the motheducation or the father's income
have been identified as one of the best predidtorslental caries [Tagliaferro et al.
2008]. In adults, lower socio-economic status vegsiified as a risk factor for dental
caries due to reduced access to dental care agsvidiver desire for dental care [NIH
2001]. Furthermore, the socio-environmental conpus the state health care system
play an important role in aging populations reasjvdental care. Especially immobile
elderly are in rising need for dental care, buiMastern Europe, they are not fully able
to obtain dental services [Holm-Pedersen et al.5ROReisine and Psoter [2001]
reviewed selected socio-economic variables and lgded that the relationship
between low socio-economic status and higher camiegalence is weaker in adults
18 - 64 years of age than in children. Furthermtbrey criticized the inconsistency and
the variation in the measurement of the socio-espoastatus.

As the income and the type of occupation genetaltijply correlate with the
socio-economic status, consequently these eadlilgcted variables were also used in
caries prediction studies. In the NSAOH Australatults with a low income and no
dental insurance had higher scores of DT and DMRFmfield et al. 2009,
Sivaneswaran 2009]. In China low income was alssenhked as one of the socio-

economic risk factors of root caries [Du et al. 200

2.3.4.1 Education

In schoolchildren the mother’s level of educatienai significant predictor of caries
incidence [Tagliaferro et al. 2008]. In a life-cearmodel for adolescents, the school
grade was also associated to dental caries prexa[&hcolau et al. 2003]. Moreover,

in Istanbul/Turkey subjects with a low or no edumatbelonged more frequently to the
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Significant-Caries-Index-group (SiC-group). This ane that subjects with lower
education levels were at higher risk to belongh® high caries group [Namal et al.
2008]. In a representative African-American lowenge adult population, the DMFS
rises with higher education which stands in comttasthe findings of many other
studies in the Western World [Burt et al. 2006]plausible comparison could be drawn
to the Third World where rising wealth usually coges with higher availability and
consumption of refined sugars [Yabao et al. 2088}azingly, in a 5-year longitudinal
study on caries increment in elderly inhabitants Helsinki/Finland it was also
concluded that “within the limitations of the stuthe level of education of elderly is
not directly associated with the increment in c&r{&iukosaari et al. 2005]. Contrarily,
in the NSAOH Australian adults (18 - 65 years) wikver education had higher DT
and higher DMFT scores [Sivaneswaran 2009]. Thieegs trend was also confirmed
in a recent cross-sectional study where Danishtadulth a low education had
significantly higher DMFS scores [Krustrup and Pst@ 2007]. The German Oral
Health Survey DMS IV revealed a similar, statidticasignificant association for

carious defects and low school education [RKI 20@@heelis and Schiffner 2006].

2.3.4.2 Ethnicity

In a cross-sectional survey on young Swedish adalt$oreign-born mother was

identified as a risk factor for dental caries ptemae [Julihn 2006]. Moreover, in

another large-scale cross-sectional study on raoes in Chinese adults, subjects
belonging to an ethnic minority were at higher rigsk root caries [Du et al. 2009]. In

Florida/USA race was even identified as a predictivaseline factor for caries
incidence in the 24-month incidence study of cofaramies [Gilbert et al. 2000].

Nonetheless, one has to consider that this facigihtrnather depict the socio-economic
status or health behaviour than genetic influence.

2.4 Summary of the main caries risk factors and prediadrs

In children a conceptual model summarizing manyhef presented caries risk factors
was developed [Fischer-Owens et al. 2007], whicghtoutline a concept for adults
(Figure 1).

2.4.1 Caries risk factors

In most cross-sectional studies low socio-econastatus, low education and smoking

was significantly related to a higher caries exgrere. Furthermore, higher age, higher
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intake of sugar containing drinks and female genclmrelated with more caries

experience.

Figure 1: A conceptual model of child, family, andcommunity influences on the oral health

outcomes of children [Fischer-Owens et al. 2007].
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2.4.2 Predictors of caries incidence

The most practical predictors of caries incidenaeehbeen past caries experience and
the number of remaining teeth, as they are clihicaasily available variables. In
several studies high counts &reptococcus mutans and Lactobacillus spp. were
associated with higher coronal and root cariesdemte. In contrast to the findings in
cross-sectional studies, the prediction of camesdence in adults via the factors low
socio-economic or financial status has been lownt@awise, in children the long-

term influence of the socio-economic status on loigies increment has been shown.

19



Material and methods

3 Material and methods

3.1 General study sample and design

3.1.1 Baseline examination SHIP-0

This population-based epidemiological health sunvethe federal state Mecklenburg-
Vorpommern (M-V) in North-East Germany “Study of &id in Pomerania” (SHIP) is
an ongoing longitudinal study with a time spreadlbut 5 years. From a total number
of 212,157 people living in the study area of Westeomerania at the last population
count in December 1995, an age- and sex-stratditple was randomly drawn
according to a two-stage stratified and clusterm@ag scheme. The study region was
defined by the 3 cities Stralsund, Greifswald ancklam and their rural districts

excluding the islands of Usedom and Darf3 (Figure 2)

Figure 2: Map of the geographical location of thetsidy area

Hamburg

Miedersachsen Brandenburg

&uﬂn

www.medizin.uni-greifswald.de/cm/fv/ship/stud_desc.html

At first, communities called primary sampling un{8SUs) were drawn at random
within these 3 regions. Every PSU with more th&®0Q@,inhabitants was included in the
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target sample, whereas from the smaller PSUs, @slybset was chosen at random. In
the second stage, the population of the selected @nd communities was divided into

24 strata according to gender (male/female) anéds-yge groups. The test persons
reflecting the population in the smaller commusitsd the larger cities were sampled

from these strata (Table 1).

Table 1: Response of the net sample in SHIP-0 accling to gender and age (5-year age group)
[modified Community Medicine Research Net 2012]

Contacted Drop-outs Participants

N N % N %

Total 6,267 1,957 31.2 4,310 68.8

Men
20-29 475 164 34.5 311 65.5
30-39 501 154 30.7 347 69.3
40 - 49 538 182 33.8 356 66.2
50 - 59 540 162 30.0 378 70.0
60 - 69 544 140 25.7 404 74.3
70-79 508 187 36.8 321 63.2

Total 3,106 989 31.8 2,117 68.2

Women
20 -29 475 114 24.0 361 76.0
30-39 528 129 24.4 399 75.6
40 - 49 543 147 27.1 396 72.9
50 - 59 561 131 23.4 430 76.6
60 - 69 543 189 34.8 354 65.2
70-79 511 258 50.5 253 49.5

Total 3,161 968 30.6 2,193 69.4

Due to the low proportion of the population of Medmpared with the population of
Germany and the low number of foreigners livinghea study area, foreigners were not

included in the study design. Baseline data (SHIR«e collected in centres stationed
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at Greifswald and Stralsund between th& b6 October 1997 and the 1 ®f May
2001. The net sample without migrated persons ssipa non-responders (N = 615)
anddeceased persons (N = 126) included 6,267 pagpkk20 - 79. 4,310 persons were
examined, which resulted in an overall response oat68.8 % [Haring et al. 2009].
After quality assurance and data control the nunolbéne study sample was corrected,
as 2 participants were examined twice (N = 4,308 response of the net sample in
SHIP-0 is presented in detail in Table 1.

The rate of response was slightly higher in wom&h4 %) compared to men
(68.2 %). Looking at the different age groups teeponse varied in women from
76.6 % in the 50 - 60 year-olds to 49.5 % in the- BD year-olds, and from 74.3 %
(60 - 70 years) to 63.2 % in the 70 - 80 year o&hr(iTable 1) [Community Medicine
Research Net 2012].

More detailed information on the response alsoomparison to other studies
has been published elsewhere [Latza et al. 2004].

Data collection at baseline consisted of four pariedical examination, oral
health examination, computer-aided interview ansedadministrated questionnaire.
This information was recorded online into a compaesl databank [Community
Medicine Research Net 2012].

The methods applied in SHIP have been describedetail in a former
publication [John et al. 2001]. Coronal and roaiesaprevalence in SHIP-0 has been
published already [Splieth et al. 2004 and 2003].

3.1.2 5-year follow-up SHIP-1

All participants in SHIP-0 were invited again fdret 5-year follow-up (SHIP-1). The
subjects were examined between th& 28 October 2002 and the™ bf September
2006 in Greifswald. The data was collected accgrdinthe data collection in SHIP-0
including again a medical examination, an oral theakamination, a computer-aided
interview and a self-administrated questionnair@08 of the 4,308 participants in
SHIP-0 took part in SHIP-1 (response rate = 76.6M@aning that 1,108 subjects were
lost to the follow-up examination, of which 231 gadis died between the two studies
and 130 subjects were passive non-responders duggtation. 649 subjects refused to
participate and were labelled active non-respondérs follow-up response proportion
was then 85.3 % [Community Medicine Research NéR2Biaring et al. 2009].

The recruitment procedures performed in SHIP asceftects on attrition and

bias have been published in detail elsewhere [igagtral. 2009].
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3.2 Study area and its population

As the “Study of Health in Pomerania” is a popuatbased epidemiological
longitudinal health survey a vast description of gtudy area and its population is
essential. A population can be described by seviacbrs: age, gender, birth rate,
death rate, the migration of the population andetithgcational status. Moreover, the life
expectancy of the population helps to describeliteequality and the health of the
population (Figure 3, Table 2). Additionally, thene frame (in this case: the decade
after the reunification of Germany) has to be taketo consideration [Statistical
Institute M-V 2011].

Figure 3: Development of the population in Mecklenbrg-Vorpommern from 1990-2010. The
figure portrays the number of people who moved-in ad moved-out as well as the relation between
the number of life-births and the people who diedrodified from Statistical Institute M-V 2011].
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www.statistik-mv.de/cms2/STAM_prod/STAM/_downloa8ieXoelkerung/Bevoelkerung2011.pdf
In 2001, the life expectancy of men in MecklenbMapommern was 72.5 years for a
new-born, 74 years for a 30 year-old, 76 yearsbfbyear-old and 81.5 years for a 70

year-old. In contrast to men, women have a conaidgrhigher life-expectancy. The

life-expectancy for a female new-born was 80 yefarsa 30 year-old almost 81 years,
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for a 50 year-old almost 82 years and for a 70-p&hiB4.5 years [Statistical Institute
M-V 2011]. All further information can be obtainé@m Table 2.

Table 2: Descriptive data on the population of Meclenburg-Vorpommern
[modified from Statistical Institute M-V 2011]

Attribute 1991 2000 2005 2010

Population at 31Dec. of the year  1.891,700 1.775,70D707,300 1.642,30)

Male 920,700 877,700 846,200 813,300
Female 970,900 898,000 861,000 829,C00
Inhabitants per km? 79 77 74 71
Foreign population 9,800 33,600 39,400 39,000
Private households 742,500 820,100 833,600 853,100
One person households 179,800 280,000 302,000 (84,3
Multi person households 562,700 540,100 531,600 ,8R08
Life-births 13,635 13,319 12,357 13,337
Deceased 21,477 17,460 17,384 18,738
Move-in 19,123 30,829 30,340 31,745
Move-out 43,583 40,307 37,692 35,375
Pupils attending school 287,696 227,420 157,409 9,442
Students 13,260 27,17 34,690 39,562

www.statistik-mv.de/cms2/STAM_prod/STAM/de/bhf/indsp
www.statistik-mv.de/cms2/STAM_prod/STAM/de/gb/indep

All over the years from 1990 till today the numhsrmigrated persons has always
exceeded the number of the people who moved irdocthunty. The total loss of
population due to migration each year decreasagythfrom 24,460 in 1991 to 3,630
in 2010 (Table 2). Similarly, the number of decelpeople has exceeded the number
of life-births in this time frame (Figure 3). Thehiows that the number of people who
died or moved away during the time frame of thisdgt quite precisely reflect the
demographic changes of the population in the entioeinty of Mecklenburg-

Vorpommern.
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3.3 Oral health examination and quality assurance

The dental examination was performed by eight Beehdentists. Before the data
collection started and twice a year during datdectbn, they received training in
assessing these measures and indices by a cedé#redogist. All examinations were
conducted in a dental chair with professional ilination and without the use of a
saliva ejector or an air jet. At baseline, 4,022rtipgpants took part in the
comprehensive oral examination [Hensel et al. 20@89P edentulous persons were
excluded from further dental examination. In thenagning 3,523 dentate participants
of SHIP-0, coronal caries was diagnosed visualingi® probe to touch the tooth
surface softly, which stands in accordance to th&lajines of the World Health
Organization [WHO 1997]. Primary and secondaryasaas well as enamel and dentine
caries were recorded separately. Coronal cariesexamined on a surface level in
order to calculate the number of carious defectssing, filled surfaces (DMFS) [Oral
health database 2011] in a half-mouth design aftestatistically relevant right-left
difference was detected in the pilot phase [Comigudiedicine Research Net 2012].
This stands in accordance to the findings of Gllaod Maeglin [1964]. Therefore, the
half-mouth method was considered to present ast&alliew of the caries prevalence
[Hensel et al. 2003].

As premolars, first and second molars have 5 sesfaand anterior teeth 4
surfaces each, at maximum 64 surfaces can be edfdut caries in this half-mouth
design (Figure 4). For the examination of the mhoidal situation the periodontal
probe PCP 11 (Hu Friedy, Chicago, IL) was used.

In the final quality control in caries diagnosti€ohen’s kappa reliability
coefficients [Fleiss 1981] of 0.9 - 1.0 (intra-exasr) and 0.93 - 0.96 (inter-examiner)
were attained. Quality assurance and control duthegstudy consisted of semi-annual
interim analyses, renewed certifications and sgistiasseminars. The interim
evaluations were used to identify implausible examnidifferences, the frequency of
entering ‘data not collectable’, undefined missergries and mean examination time
per examiner as well as other implausibilities [bigret al. 2003]. Semi-annually, these

results were reported to an external Data SafedyMwonitoring Committee.

25



Material and methods

Figure 4: Excerpt from the original dental examinaion sheet for the DMFS. The data sheet shows
that data collection is performed in the half-mouthdesign. All incisors and the canines have 4
surfaces each. The premolars and molars have 5 sades each: palatinal (p) or lingual (), buccal

(b), distal (d), mesial (m), occlusal (0). Moreovera differentiation is made between healthy (= 0),

enamel defect (= 1), dentine caries (= 2 and 3)llifig (= 4), secondary caries (= 5), extracted (=)6

and others (= 7), not obtainable (= 8). [Communitpedicine Research Net 2012]
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The interview was conducted by two trained profasais. The number of teeth was
determined by a full-mouth examination with a maximmof 28 teeth. An excerpt from
the dental questionnaire is presented in orderetoag idea of the data acquisition
(Figure 5). The definitions of the dental variabkesd the Exposure variables are

presented in the following sub-chapter.
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Figure 5: Excerpt from the dental questionnaire intuding the most important variables applied in

the model. [Community Medicine Research Net 2012]

UNT.-Nr.:
Teiln.-Nr.:

ZAHN- UND MUNDGESUNDHEIT
«USUCHER» UNT.-Zentr.: «ZENTRUM» UNT.Datum:
«START»

«TEILN NR» UNT.Zeit:

«DATE»

1
(239)

Haben Sie noch eigene Ziihne?

1 Ja

| Nein

8 Weilfi nicht

9 Antwort verweigert

| EIGZAHN |

EIGZAHN
=5

(240)

Wie empfinden Sie den Gesundheitszustand Ihrer Zihne?

Selr gut

Gut
Zufriedenstellend
Weniger gut
Schlecht

Weilfi nicht
Antwort verweigert

R R N S

| «GESZAHN» |
GESZAHN

(241)

Die Menschen putzen sich unterschiedlich oft die Zihne. Wie oft putzen Sie sich gewdhnlich

die Ziihne?

3mal tiglich und ofter
Normalerweise 2mal tiglich
Normalerweise 1mal tiglich
Mehrmals pro Woche

Imal pro Woche (oder seltener)
Weill nicht

Antwort verweigert

o0 Lh o ds ) b

o

| PUTZL» |
PUTZ1

(242)

Ist Ihnen schon einmal von zahniirztlichem Personal gezeigt worden, wie man sich seine

Zihne putzen soll?

1 Ja

2 Nein

8 Weili nicht

9 Antwort verweigert

| PUTZ2» |
PUTZ2

(243)

‘Wie sind Sie mit dem Aussehen Ihrer Zahnreihen zufrieden?
(Auch von Zahnersatztriigern beantworten lassen!)

1 Sehr zufrieden

Zufiieden

Weniger zuftieden

Unzufiieden

Entfillt

Weilfi nicht

Antwort verweigert

2

D GO 1 e

| CAUSSEHEN |
AUSSEHEN

(244)

‘Wann waren Sie das letzte Mal bei Threr(m) Zahnéirztin/Zahnarzt?
Innerhalb der letzten 6 Monate

Innerhalb der letzten 7-12 Monate

Vor mehr als 1 Jahr

Weili nicht

Antwort verweigert

O 00 W b -

[«ZAHNARZT»|
ARZTWANN

=7

6a
(244a)

‘Wie oft waren Sie in den letzten 12 Monaten beim Zahnarzt?

98 Weifi nicht
99 Antwort verweigert

| «ZAHNFREO» | mal
ZAHNFREQ

www.medizin.uni-greifswald.de/cm/fv/dokumente/SHIZ@hnmedizinisches_ Interview. pdf

3.4 Selection of the study sample for analyses

4,022 of the 4,308 participants in SHIP-0 partitgigain the oral examination. Oral data

on caries, periodontal disease, etc. was colletted 3,523 dentate subjects as 499

were edentulous. In SHIP-1, the 3,300 respondintjcgaants were asked to be re-

examined orally according to the criteria set inI38. The loss of 1,108 participants
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in the follow-up as previously mentioned was duenigration, death and active non-
response during this 5-year period and still resuih a high response proportion of
83.6 %.

Longitudinal data of the oral examination concegnitaries increment was
available in 3,184 subjects out of the 3,300 pigdicts in the follow-up as few
participants (N = 116) disagreed to undergo the¢adexxamination. 426 of these 3,184
subjects were edentulous at baseline and were dedlfrom further analyses, leaving
2,758 (1,334 male and 1,424 female) participanthénstudy group. The exclusion of
the edentulous participants founded in the obvimadter that these patients bias the
statistical findings. Edentulous participants cdnhave any caries incidence. In
addition, the outcome of the prediction of carissrément would be weaker as the
suspected high risk group (e.g. edentulous) coudtl present any further caries
increment. Furthermore, subjects with a baselinedFSM 55 were excluded (N = 189)
from statistical analyses, as they by definitiomrazat belong to the high caries
increment groupX 9 surfaces of caries increment), while belongmghe high caries
risk group regarding the DMFS as the marker ofesagxperience. Similarly to the
edentulous, these subjects would bias the findiAgdast, few participants (N = 4)
with an age > 79 years were excluded as this agepgis too small for an adequate
analysis and interpretation. A drop-out analysiss vp@rformed and presented in a
separate chapter below.

The entire process of the selection of the finabgtsample can be obtained
from a consort diagram on the following page (Fe&g@y.

Up to 20 missing cases: (L %) have to be noted in the prediction models as
these few participants lack data on any of theiagplariables.

For an overview, the age of the subjects in thdysgroup is enlisted according
to 5-year age groups in Table 3. All age groupsssbrof at least 140 till at maximum
307 subjects which refers to 5 - 12 % of the sanepleh. Merely, the number and the
percentage of adults in the older age groups (>y&drs) are relatively small and,
therefore, the results on caries incidence in tlaggegroups should be looked at with

caution (Table 3).
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Figure 6: Consort diagram: Flow-chart of the seledbn of the study group from sampling to the

final study sample used for statistical analyses siplaying the drop-outs at the different stages.

212,157 people living in the study al

selected age- and sex-stratified sample

-

regarding the study regions in 24 strata

___________________ oo

7,008 subjects were contac

___________________ Lo
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___________________ e

6,267 included (net samp

pm———

4,308 participants in SHIF-0 (baseline

______________________ L

re-invitation 5 years later, response 76.6 %\

______________________ oo

moved away (N = 130)
died (N = 231)

non-responders (N = 647

3,300 participants in SHIP-1 (5-year follow-up)

incomplete oral data in SHIP-0 and/or SHIP.s’I\‘

excluded (N = 116)

e

3,184 participants with an oral examination
in SHIP-0 and SHIP-1

inclusion criteria for analyses:

_

' _ edentulous (N = 426)
. only dentate subjects at baselines| paseline DMES > 55 (N = 189)

baseline DMFS< 55 and age 79 | | age > 79 years (N = 4)

\
N e l _________________

2,565 dentate participants with available

longitudinal data used for statistical analyses

/\

1,246 male (48.6 % 1,319 female (51.4 %)
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Table 3: Numbers and percentages of participants ithe study sample are enlisted according to the

baseline age, which is categorized into 5-year ageoups.

Age group N %
20-24 164 6.4
25-29 230 9.0
30-34 293 114
35-39 288 11.2
40 - 44 272 10.6
45 - 49 299 11.7
50 -54 264 10.3
55-59 307 12.0
60 - 64 207 8.1
65 - 69 140 5.5
70-74 56 2.2
75-79 45 1.8
Total 2,565 100

3.5 Statistical methods

Descriptive and analytic statistics were performgging the programme PASW
Statistics 18 with the support of a professionatheamatician of the University of

Greifswald.
3.5.1 Definitions and categories of variables

3.5.1.1 Primary outcome variable: 5-year caries increment

The main variable is 5-year caries increment. Galyerin longitudinal studies
diagnostic transitions can occur. As in large segd&lemiological studies with high
caries prevalence reversals due to examiner mssftitations happen, a method for
adjustment proposed by Beck et al. [1995] was uaeslrface detected as decayed or
filled at baseline can be confirmed or unconfirmedhe follow-up. Theoretically, an
unconfirmed surface can be classified into foufedént groups: true increment vs.
false increment, or true decrement vs. false deenenA true decrement of DMFS is
not possible as caries experience by definitiomoaxecrease. Still, due to examiner
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misclassifications false increment or false decmnoan be found, which adulterates

the observation of true caries increment (Figure 7)

Figure 7: Theoretical diagnostic transitions of DMFS in longitudinal coronal caries studies
[modified, Beck et al. 1995]

no change

true increment (caries/filling)
DMFS increment <

false increment (examiner increment)
change

true decrement (healing)
decrement <

_ false decrement (examiner decrement)
baseline follow-up

Assuming that examiner reversals are positivelgteel to baseline caries prevalence
with the number of examiner reversals being higlenvbaries prevalence is also high,
an adjustment is wise. Furthermore, the assummiands that there is a negative
relationship between the frequency of examiner emants and baseline caries
increment [Beck et al. 1995]. In a large proportmiparticipants a negative caries
increment was observed, this is especially obvioaking at the distribution of the net
caries increment (NCI) in the present study (Figg)reKnowing that this by definition
is not possible, the necessity for adjustment efdaries increment variable becomes
evident. Comparing Figure 8 and Figure 10, theugrite of adjustment especially on
the negative caries increment becomes apparent.

The formulas for the calculation of the adjustedesaincrement, the Net Caries
Increment (NCI) and the crude caries increment JG& presented in Table 4. The
adjusted caries increment presents a compromigebetthe NCI and the CCI as both
fall to extremes. Reversalss|yare considered, but they are adjusted accordirthe
baseline caries prevalences)(yBeck et al. 1995]. The formula for adjusted eari
increment proposed by Beck et al. [1995] was alsdun a recent similarly designed

study on root caries incidence [Sanchez-Garcia @04a1].
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Table 4: Diagnostic transitions of the dental surfae in a longitudinal caries study clarifying the
model of mathematical adjustment of the variable caes increment. The formulas for adjustments

are presented below [modified from Beck et al. 1995

Observed status (#/baseline) observed status {ffollow up)

+ - Total
+ Ya Y3 Y3+ Ya
- Y2 Y1 yit+ys
Total YotyYs Yitys YitYotystyy

y1 = surface diagnosed sound @rid §

y» = surface diagnosed sound g@nd carious/filled at t(CClI)

y3 = surface diagnosed carious/filled @amd sound at t

y4 = surface diagnosed carious/filled @and {

Net Caries Increment (NCI) =4y ya) — (Y3 + Ya) = Vo — Vs

Adjusted Caries Increment s x¥ (1 — (/Y3 + Ya)

On the one hand, the mean values * standard dmvig8D) and especially the

distribution of the NCI and the adjusted cariesreneent differ considerably with

2.73 £5.20 (NCI) vs. 3.71 +4.70 (adjusted cariexament). On the other hand the
mean values for the crude caries increment compardide adjusted caries increment
are a lot more alike. Still, a slight overestimatimight have happened with a mean of
3.85 +£4.78 surfaces of crude care increment (CQig adjustment especially leads to a
more polarized distribution as the proportion weiv surfaces of caries increment rises
and the part with rather average caries incrementedses slightly, as especially all

values with a negative NCI are adjusted (Figurgi@ure 9, Figure 10).
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Figure 8: Net caries increment (NCI) on a surfaceglvel in German adults (N = 2,565) aged 20 - 79
years in a half-mouth design in a time period of years. All subjects with negative increment have

either true reversals or reversals due to examinemisclassifications.
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Figure 9: Crude caries increment (CCI) on a surfacdevel in German adults (N = 2,565) aged 20 -

79 years in a half-mouth design in a time period db years.
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Figure 10: Adjusted caries increment on a surfaceelvel in German adults (N = 2,565) aged 20 - 79

years in a half-mouth design in a time period of years.
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Surfaces of adjusted caries increment
Furthermore, the adjusted 5-year caries incremexst vategorized into different sizes
of risk groups, in order to select an appropriateghold for the high caries increment

risk group (Table 5).

Table 5: Definition of the caries increment risk goup with different thresholds of 5-year caries

increment in German adults aged 20 - 79 years in lfanouth design.

Definition of the risk group Threshold of caries ircrement N

Caries increment Yes 1,979 (77.2 %)
No 586

25 % caries increment risk group HighY DMFS) 669 (26.1 %)
Low (< 5 DMFS) 1,896

17 % caries increment risk group High{ DMFS) 454 (17.7 %)
Low (< 7 DMFS) 2,111

10 % caries increment risk group High (= 9 DMFS) 292 (11.4 %)
Low (< 9 DMFS) 2,273

5 % caries increment risk group High13 DMFS) 139 (5.4 %)
Low (< 13 DMFS) 2,426
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For the final prediction model the 10 % caries @msent risk group was used, as the
size of this group is reasonably small, while ggents at the same time a vast amount
(> 40 %) of the total caries increment. Moreovlg predictive model showed higher
sensitivity and specificity as well as a higheraaummder the ROC-curve in contrast to
e.g. the 25 % risk group which was analysed iniqpiebry analyses. The threshold for
the risk group was, therefore, set at an increnoért 9 DMFS in the half-mouth
design, consisting and identifying about the top %0of the participants with the
highest caries increment. One has to be awardhbse risk participants are taken from
the total sample of all adults included in the istaial analyses, which is only
determined by the threshold of 9 surfaces of caneement in the half-mouth design.
This means that the risk group itself is, therefanet adjusted to age, which is

presented below (Figure 11).

Figure 11: The proportion of the participants in the high caries increment group (11.4 % in the
total sample) versus the reference group in the tat sample of dentate adults (N = 2,565) according

to the 5-year age groups.

O Reference groul High caries increment group

q/b‘ /(19 /{bb‘ /(bq / b‘v / @ /@b‘ /<C)q / bv / @ //\b‘ //\q
D P D H P P P& DA

5-year age group

3.5.1.2 Exposure variables

The definitions of the most relevant factors inigeged are presented in Table 6. The
variable gender was recorded in the questionndine. subjects’ age at the baseline
examination was categorized into 5-year age groogginning from 20 - 24 years till
75 - 79 years. The educational level was definethasself-reported highest level of
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school education (< 10 years ¥s.10 years) which is based on the German school
system. The monthly household income (in GermankBjal € = 1.956 German
Marks) was divided by the square root of the nundbgrersons living in the household
and categorized into tertiles (> 2,150/month; 2,150,500/month; < 1,500/month)
and/or dichotomously with the threshold 1,500/momflarital status was categorized
into living with a partner or being single. Smokings defined as current smoker (vs.
ex- or never-smoker). The self-reported descripibthe participants’ self-perception
of teeth and the general health status was camsgbmto two groups (excellent/good
vs. not good/bad). The self-reported reason foitdkiedental visit being an indicator of
dental anxiety was defined as pain-associated @.pain-associated dental visit.
Similarly the last dental visit was categorizedoirtivo groups (within the last 12
months vs. longer ago than 12 months). Moreoveg, \thriable steady/permanent
dentist was defined dichotomous (yes vs. no). Bas&MFS values were used, and as
the correlation to the caries increment was idetibs quadratic, baseline DMFS was
squared and centred for adjustment (DMFS squaréaeamntred).

Different periodontal variables were used. Bleedomy probing (BOP) and
dental plaque were defined as percentages of theted sites. The clinical attachment
loss (CAL) was defined as the mean CAL per subjéhbe intensity of periodontitis
was categorized into 5 groups (no PA, mild PA, raddA, severe PA, ho common
tooth loss) according to the age based attachrasgt4d 4 mm.

Diabetes was defined according to the self-repiobieong diabetic and the level
of HbAlc in the blood test into the 4 groups (nabdites, diabetes as HbAlc > 7 but
subject unaware, self-reported diabetes (contrpliad uncontrolled (HbAlc > 7) but
known diabetes).

The waist circumference was recorded in centimetiesaddition, the self-
reported answers (yes vs. no) to the factor “problavith alcohol”, “club member” and
“sport on a regular basis” were used. The type eflical insurance was categorized
into state vs. private insurance. The variable gwtin was not taken into

consideration after preliminary analyses.
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Table 6: Definition of the most frequently used vaiables

Variable

Reference

Risk

Caries increment risk group (10:90) Increment <\OH>

Increment 9 DMFS

Gender Female Male

School education > 10 years <10 years
Self-perception of teeth Excellent/good Not goad/b
Age group (5-year) 20 - 24 (youngest)

Pain associated dental visit No Yes
General health (self-reported) Excellent/good Nmidybad
Last dental visit <12 months > 12 months
Registered at one dentist Yes No

Smoking Never/ex-smoker Current smoker
Monthly income (DM) > 2,150 < 2,150
Problems with alcohol No Yes

Sport on a regular basis Yes No

Medical insurance Private State
Club/group member Yes No

Diabetes

HbAlc < 7 and no selfHbAlc > 7, subject un-

reported diabetes

aware; known, controlled
diabetes or uncontrolled
diabetes (HbAlc > 7)

Marital status

Living with a partner

Single

3.5.2 Significance testing and model building

3.5.2.1 Descriptive statistics

The study population was screened for significasbaiations to the different exposure

variables in cross tabulations and by comparingitkean value of the caries increment

in groups with different exposing factors using thevariate analysis. According to

these findings the significant variables. € 0.15) were considered for further

investigation. Continuous data were expressed asnthan and standard deviation

(mean £SD). In the case that data are not disgtuabrmally, as e.g. in coronal caries

prevalence and coronal caries increment, the medamentioned additionally.

Categorical data were expressed as the numberrgpelicent values. For continuous

data, comparisons between groups were made usiniylamn—Whitney’s-U test, and
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for categorical data with the chi square teg).(The t-test and/or the analysis of
variance (ANOVA) were performed to test whethernmt the means of a metric
variable (in this case mainly the adjusted camesament) differ significantly between

groups (nominal variable). The significance levaekwget at a p-value0.05.

3.5.2.2 Analytic statistics

After preliminary analyses the binary logistic reggion, generally used for the
prediction of the probability of occurrence of arest [Hilbe 2009], was chosen for the
prediction of the caries increment risk group (10céfies increment risk group). The
Hosmer-Lemeshow-test was performed in this modevimuate the goodness of fit,
comparing the expected counts with the observedctsoaccording to subgroups
[Hosmer and Lemeshow 2000]. Variables that showedigaificant association
(o = 0.15) with the caries increment were taken icdosideration in the prediction
model. This means that the significant variablesewadded to the model stepwise
looking at the significance of change by a backwielihood ratio (LR). In case no
significant improvement of the model was achievezltariable was not included in the
model. Furthermore, the odds ratio (OR) with a 95éanfidence interval (Cl) was
calculated, as it is frequently used in epidemimalgstudies. The OR points out the
strength of association or non-independence betwwenbinary data values [Viera
2008]. The binary logistic regression does not poada relative risk ratio (RR), but
probabilities needed for the creation of an ROGreyHilbe 2009].

The Receiver Operating Characteristic (ROC), pigtthe true positive rate vs.
the false positive rate for a binary classifiertegs was chosen to evaluate the strength
of the prediction. The area under the curve (AU@hmarizes the findings of the ROC
by presenting the probability that a classifierlwdnk a randomly chosen positive
instance higher than a randomly chosen negativeTdrevalues lie between 0.5 and 1
(best prediction possible). The AUC should be ¢jeabove 0.5 (meaning probability
of choice by flipping a coin), at best or prefesald 0.8 (Figure 12) [Hanley and
McNeil 1982, Fawcett 2006].

After receiving the predictive model with the lasg@rea under the ROC, the

model was stratified due to gender in order toestifer gender-dependent interactions.
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Figure 12: An example of a ROC curve with a high aga under the curve, displaying the values of
the sensitivity and (1 - the specificity) in the ctve compared to the worst case scenario (reference

line: AUC = 0.5) presented via the diagonal line.
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3.6 Ethical aspects

The study was approved by the Ethics Committed@funiversity of Greifswald, and
all participants gave a written informed consethte Btudy conformed to the principles

embodied in the Declaration of Helsinki [Commurigdicine Research Net 2012].

3.7 Financing

SHIP-0 and SHIP-1 were financed by the “Bundesrtenism fur Bildung und
Forschung” (Federal Ministry of Education and Resiegin the Grant period:*1of
January 1997 - 3b of June 2007 and by the “Kultusministerium des dem
Mecklenburg-Vorpommern” (Ministry of Education, 8oces and Culture).
Furthermore, SHIP-0 was supported by the “Soziabtenum des Landes
Mecklenburg-Vorpommern* (Ministry of Social Affaiysand the “Klinikum der
Hansestadt Stralsund” (Clinics in Stralsund) aslvesl several industry partners

[Community Medicine Research Net 2012].

3.8 Data safety

All data of SHIP are owned by the "Forschungsvedou@ommunity Medicine”
(Community Medicine Research Net) of the Medicatufy of the University of
Greifswald. The use of the data is regulated by teésearch net, which has to agree to

the data request. Data safety has a high priontyhis study, for that reason the
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personal data and the data of the examinationaaedsin different locations controlled

by different personal. All systems are controlledlydto malware. All data sheets of a
participant, interviews and other medical examoratdata are collected in a Case
Report Form. Data for researchers is handed outrandferred anonymously coded to

a random subjects’ number [Community Medicine Redehlet 2012].

3.9 Drop-out analysis

In the process of data cleaning (Figure 6) dros-tiaid to be noted. For these drop-outs
(edentulous, baseline DMFS > 55 surfaces in halitim@nd subjects > 79 years) the
main characteristics like mean age +SD, gendeaatducation, smoking status and
the self-perception of teeth are presented in o@@xclude selection bias. The drop-
outs were significantly older (p < 0.001), had aéo school education, were more

frequently current smokers, but had a better sei€gption of their teeth (Table 7).

Table 7: Drop-out analysis presenting the main chaxcteristics of the study sample versus the drop-

outs (edentulous, baseline DMFS > 55, age > 79 ysar

Variable Study sample Drop-outs
N 2,565 619
Mean age (years) 45.3 +13.9 63.7 £10.4

1,246 males (48.6 %) 296 males (47.9 %)

Gender (%
(%) 1,319 females (51.4 %) 323 females (52.1 %)

School education (< 10 years) 27.7 % 68.6 %
Smoking (current) 31.2% 71.8 %
Self-perception of teeth

27.5% 11.8 %
(not good/bad)

Already the mean age at baseline of all the padrdis in SHIP-0 versus the remaining
participants used for statistical analyses fromFSHIdiffered significantly (p < 0.001).
The mean age at the examination date in SHIP-0 4\B88) was 50.8 £16.6 years for
men and 49.8 £16.4 years for women. Whereas, theohthe study sample used for
statistical analyses (N = 2,565) was in average #464.2 years for men and 44.5 £13.7
years for women, while drop-outs had a highly digantly higher mean age at
baseline (63.7 +10.4 years, p < 0.001, Table 8) Tmean age differed highly

significantly in all groups between men and women.
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Table 8: Drop-out analysis presenting the significatly different mean age at baseline
for males and females in the different samples.

Variable N Gender Mean =SD (years) Sig.
Baseline age male 50.8 £16.6

4,308 <0.001
(SHIP 0) female 48.8 +16.1
Baseline age male 46.2 £14.2

2,565 0.001
(study sample) female 445 £13.7
Baseline age male 65.6 £9.7

619 <0.001

(drop-outs) * female 62.06 £10.8

* Due to the selection for statistical analyseg(ifé 6): edentulous (N = 426), baseline
DMFS > 55 (N = 189), age > 79 years (N = 4)
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4 Results

4.1 Distribution of caries increment — descriptive staistics

4.1.1 Half-mouth caries increment according to age and geler

The mean 5-year caries increment in the study @oipul (N = 2,565) was 3.71 +4.70

surfaces, with a median of 2 surfaces in the haléitm design. Male participants had a
mean caries increment of 4.05 £5.30 surfaces; valsadrewomen this was significantly

lower (3.39 £4.02 surfaces, p < 0.001, t-test). &beer, men of all age groups had
higher or at least the same caries increment thames (Figure 13), who on the

contrary had significantly (p < 0.001) higher levelf caries experience (DMFS/T) at
baseline (mean DMFS 27.10 +14.00, median 26 vdemmales mean DMFS 30.67

+13.68, median 31). According to the different Bye@age groups the mean caries
increment was between 2.65 +3.00 surfaces andi® 39 surfaces (Figure 13). Adults

older than 40 years had highly significantly moegies increment than young adults
with 20 - 24 years of age §0.003, t-test, Table 9).

Figure 13: Mean 5-year caries increment in the halfnouth design throughout all 5-year age

groups differentiated by gender in a dentate adulpopulation (N = 2,565) in North-East Germany.
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Table 9: Half-mouth 5-year caries increment (mean D) according to the 5-year age groups in a
dentate adult population (N = 2,565) in North-EastGermany. The significance level was tested via

the t-test. The reference age group are the 20 - 2éar-olds.

Age group  Mean caries increment +SD) Median* N Sig.
20-24 3.00 +3.18 2 164 Ref. group
25-29 2.65 +3.00 1.88 230 0.478
30-34 2.73 +2.96 1.86 293 0.788
35-39 2.86 +3.35 1.87 288 0.699
40 - 44 4.07 +5.67 2 272 <0.001
45 - 49 4.00 +4.71 2 299 <0.001
50-54 4.20 +5.95 2.57 264 <0.001
55-39 4.51 +5.29 2.86 307 <0.001
60 - 64 3.74 +4.53 1.94 207 <0.001
65 - 69 5.80 +6.59 3 140 <0.001
70-74 3.93 +4.47 2.91 56 0.003
75-79 4.06 +4.32 2 45 0.001

* Due to the adjustment of the caries incremenbating to Beck et al. [1995] the

median is not always a whole number.

4.1.2 Overview on significant factors to the mean cariescrement

The mean number of surfaces affected by cariegnment differed significantly with
several exposing factors. Subjects with a schoaokatibn less than 10 years had a
highly statistically significant higher caries ieonent than the ones with at least 10
years of school career (4.41 +5.30 vs. 3.41 +4p4g, 0.001, t-test, Table 10). This
finding was detected in almost all age groups. Gmihe 35 - 39 and 65 - 69 year-olds
higher school education did not show lower meanesamcrement (Figure 14).
Furthermore, in the younger (20 - 24) and the neidied (45 - 65) parts of the
displayed study population the influence of thecadional level on caries increment
was clearly detectable. In the 20 - 24 year-oldsrtiean caries increment in the half-
mouth design differed by about one surface accgrthrnthe educational status, and in
the 60 - 64 year-olds by more than 1.5 surfacegu(gil4).
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Figure 14: Half-mouth 5-year caries increment (meantSD) throughout all 5-year age groups
differentiated by the level of school education ira dentate adult population (N = 2,565) in North-

East Germany.
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Moreover, the self-reported appearance of teethtatieanxiety, expressed by the
variable pain-associated dental visit, and beirgjstered at a certain dentist had a
highly significant impact on the mean caries inceetn(Table 10). The mean caries
increment was also significantly influenced by #swedf-reported general health and the

marital status (Table 10).

4.1.3 Significant exposing factors to the top 10 % cariegicrement group

Similarly, these mentioned factors (Table 10) was® highly significantly associated
with the high caries increment group with the sideabout 10 %. Additionally, the

smoking status, the time period from the last devitsit and the factor sport on a
regular basis had a significant impact (Table 149l avere, therefore, used in the
building process of the prediction model.
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Table 10: Overview on the 5-year caries incremennfean £SD) in a half-mouth design in a dentate

adult population (20 - 79 years) in Western Pomeraa (N = 2,565) enlisted due to different

exposing variables with a significant influence orthe mean caries increment. Significances were
determined via the t-test or ANOVA.

Exposure Category Mean SD Median* N Sig.

All Total 3.71 +4.70 2 2,565

Gender Vale 405 1530 . 1246 <0001
Female 3.39 +4.02 2 1,319

School <10 years 44l 4530 . 11 <0001

education > 10 years 3.41 +4.40 2.73 1,851

Self-perception Notgood/bad  4.72 +573  2.84 706 <0.001

of teeth Excellent/good 3.31 +4.13 2 1,855

Pain-associated Yes 473 4537 3 303 <0.001

dental visit No 3.65 +4.58 2 2,260

General health Notgood/bad  4.27 528  2.66 375 0.012

(self-reported) Excellent/good 3.61 +4.59 2 2,182

Registered &t No 18l 1678 . 4 ool

one dentist Yes 3.65  #457 2 2,449

Household < 1500 o0 sagm . oy 0034

income (tertile) 1500 - 2150 390 +4.61 2 726 (ANOVA)
> 2150 3.39 +4.68 2 951

Marital status Single 101 1470 . 500 0056
With Partner 3.60 +4.64 2.38 1,963

* Due to the adjustment of the caries incremenbaling to Beck et al. [1995] the

median is not always a whole number.
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Table 11: Fraction of participants (N = 2,565) inlhe high caries increment group (10 %) according
to the significantly (& < 0.15) associated exposure variables, which arested in the prediction
model. Significance testing was performed with theChi square test for all factors but age
(ANOVA).

Exposure Factor 5-year caries increment N Sig.
<9 >9
Age in years Mean £SD 445 +13.8 51.8 £13.1 2,568.001
Gender Male 1,077 (86.4 %) 169 (13.6 %) 1,246.001
Female 1,196 (90.7 %) 123 (9.3%) 1,319
School education < 10 years 570 (83.0%) 121 (%).0 711 <0.001
> 10 years 1,681 (90.8 %) 170 (9.2%) 1,851
Pain-associated Yes 248 (81.8%) 55(18.2%) 303 0.001
dental visit No 2,024 (89.6 %) 236 (10.4 %) 2,260
Marital status Single 507 (85.9 %) 83 (14.1%) | 590.016
With Partner 1,757 (89.5 %) 206 (10.5 %) 1,963
Smoking Current smoker 692 (86.6 %) 107 (13.4 %) 9 790.03

Never/ex-smoker 1,569 (89.6 %) 183 (10.4 %) 1,752

Self-perception Nod good/bad 586 (83.0 %) 120 (17.0%)  7660.001

of teeth Excellent/good 1,685 (90.8 %) 170(9.2%) 1,855
Registered ata No 2,180 (89.0 %) 269 (11.0 %) 2,4490.006
certain dentist  Yes 92 (80.7 %) 22 (19.3 %) 114

General health  Nod good/bad 315(84.0%) 60 (16.0 %) 379.002
(self-reported)  Excellent/good 1,951 (89.4 %) 231 (10.6 %) 2,182

Last dental visit > 12 months 211 (85.4 %) 36 (%) 247 0.093
< 12 months 2061 (89.0 %) 255 (11.0%) 2316

Sport (regularly)  Yes 1185 (89.5%) 139 (10.5 %) 24,3 0.145
No 1,088 (87.7 %) 153 (12.3%) 1,241

4.1.4 Non-significant exposing factors to the mean cariegacrement

Neither the variable smoking (current smoker vst)renor diabetes, nor self-reported
problems with alcohol had statistically significamfluence on the mean caries
increment (p > 0.15). Similarly, the type of medicssurance (state or private) and
being a club member were not statistically coreslavith the mean caries increment

(Table 12). Likewise, none of the variables asgediavith periodontal disease as, e.g.
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mean pocket depth, BOP or plaque showed a signifioarrelation to the mean caries
increment (exact definition of these factors seaptér 3.5.1.2). Most of these not
significantly correlated variables were, therefor®t considered in the prediction
model. An exception posed the factor smoking ashdwed a significant (and also
gender-dependent) association with the high cam@ement group (Table 11).

The number of remaining teeth was not found to Isggaificant predictor of
high caries increment in this adult population asdit is not a dichotomous variable;

the findings were not presented in the table.

Table 12: Overview on non-significant variables exgcted to have a relevant influence on the half-
mouth 5-year caries increment (mean £SD) in a denta adult (20 - 79 years) population in Western

Pomerania (N = 2,565).The significance was testethvhe two sided t-test.

Exposure Category Mean SD Median N Sig.

Smoking Current smoker 3.79 £4.70 2 799 0.510
Never/ex-smoker 3.66  +4,66 2 1,752

Sroblems with  Yes 420 1496 . 100 0262

alcohol No 3.68 *4.69 2 2,448

Sport o No 284 1486 ) Loa1 0171

regular basis Yes 3.59 +4.32 2 1,324

Medical State 360 1465 . 2463 0550

insurance Private 400 542 2 84

L ast dental > 19 months 107 1569 . 047 0192

visit <12 months 3.66  +4.58 1.96 2,316

Clublgroup No 379 1485 ) 1455 0302

member Yes 3.60 +4.49 2 1,100

Siabetes No 370 1470 ) 2306 0347
Yes 3.42 +4.19 2 228

* Due to the adjustment of the caries incremenbating to Beck et al. [1995] the

median is not always a whole number.

4.1.5 Caries increment in the different sizes of risk graps

The impact of the different sizes of the cariesentent risk groups on the mean caries
increment can be seen in Table 13. The medianec2B% caries increment risk group
is 8 surfaces (mean: 9.69 1£5.27), the 10 % caniesement risk group had already a

median of 12 and a mean of 14.02 +5.63 surfacesds increment. The mean caries
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increment throughout all age groups for the refeegegroup was about 2.5 surfaces
whereas the high risk group had more than a S5Hfodther value in this 10 % risk

group. Regarding the age, the mean caries increafg¢he 10 % caries increment risk
group showed similar characteristics, when compargdto the 17 % caries increment
risk group (Figure 15) and the overall curve (Fegur3). Moreover, these figures
showed that the high caries increment group wasisnaesponsible for the overall

variation of the mean caries increment in the dififé age groups.

Table 13: 5-year caries increment (mean +SD) in halmouth design in adults (20 - 79 years)

population in Pomerania (N = 2,565) enlisted due tdifferent sizes of caries increment risk groups.

Group size Caries increment Mean SD Median * N

All Total 3.70 +4.70 2 2,565
Caries increment Yes 4.81 +4.83 3 1,979 (77.2 %)
group No 0 #0.0 0 586
Risk group High =5 DMFS) 9.82 +5.33 8 669 (26.1 %)
(25 :75) Low (< 5 DMFS) 1.55 +1.42 1 1,896
Risk group High & 7 DMFS) 11.78 +4.70 10 454 (17.7%)
(17 : 83) Low (< 7 DMFS) 1.97 +1.84 2 2,111
Risk group High (= 9 DMFS) 14.04 +5.64 12 292 (11.4 %)
(10 :90) Low (< 9 DMFS) 2.38 +2.32 1.9 2,273
Risk group High & 13 DMFS) 17.93 +6.05 16 139 (5.4 %)
(5:95) Low (< 13 DMFS) 2.89 £3.00 2 2,426

* Due to the adjustment of the caries incremenbating to Beck et al. [1995] the

median is not always a whole number.

The mean caries increment in the largest part efgbpulation throughout all age
groups was about 2 surfaces (half-mouth), wheteasisk group no matter what size
(5 - 25 %) had significantly higher caries increm@igure 15).

In this study population 1/4 of the sample had al®/@ of the total caries
increment. Moreover, the 10 % of the sample withtiflghest caries increment account
for more than 40 % of the gained surfaces. Thivgupthat caries increment in this
sample of German adults was not normally distributes a clear polarisation was
depicted (Figure 10, Figure 15, Table 14).
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Figure 15a/b: Mean 5-year caries increment in the d&f-mouth design throughout all 5-year age

groups in the 10 % (upper graph) and the 17 % (lowegraph) caries increment risk group vs. the

rest in a dentate adult population (N = 2,565) in Nrth-East Germany. The 17 % risk group is only

shown exemplarily.
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Table 14: Total amount of surfaces of half-mouth 5rear caries increment in the total sample and

its fraction regarding the different sizes of the Igh caries increment groups.

Group label and size N Caries increment (DMFS)
All patients 2,565 9,511 (100 %)
25 % high caries increment group 669 6,571 (69 %)
17 % high caries increment group 454 5,351 (56 %)
10 % high caries increment group 292 4,110 (43 %)
5 % high caries increment group 139 2,492 (26 %)

4.1.6 Influence of baseline DMFS on 5-year caries increnmg

The mean baseline DMFS was significantly higher<(|0.001) in the 10 % caries
increment risk group (mean +SD: 33.71 +12.37 DMISS 28.32 +14.02 DMFS; and
the median DMFS was 36 vs. 28), which showed thaes experience in the past was
correlated with caries increment. At this pointesnmder should be allowed that by
definition participants with a baseline DMES 56 were excluded from the study
sample as they could not be categorized into th&1Bigh caries increment group.
Therefore, the x-axis in the upcoming figures eaitds baseline DMFS of 55. Figure 16
and Figure 17 clearly display that participants hwalmost any baseline caries
experience may be affected by high caries incremvehich indicates that low caries
experience is no guarantee for low caries incremidonetheless, the probability of
high caries increment rose with rising DMFS, whioeans that low baseline DMFS
scores appear to be protective against high caereesment. Moreover, the distribution
of participants according to the baseline DMFShim total sample had a tendency to be
shaped like a quadratic function, whereas theildigion of the high caries increment
group according to the baseline DMFS was not. Coim@athe influence of the
baseline DMFS on a larger group at risk of highesamcrement, exemplary the 25 %
risk group, this relationship was even more obvigbgure 17). At last, the high
prevalence of caries in these dentate adults carbgerved as well from these figures,
which has been published in detail elsewhere [Bpéeal. 2003].
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Figure 16: Number of participants in the top 10 % aries increment group & 9 surfaces of caries

increment) compared to the rest (< 9 surfaces of das increment) according to the baseline DMFS.
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Figure 17: Number of participants in the top 25 % @ries increment group & 5 surfaces of caries

increment) compared to the rest (< 5 surfaces of das increment) according to the baseline DMFS.
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4.2 Analytic statistics

4.2.1 Binary logistic regression models

For the model building process in the binary Idgiseégression the inclusion criterion
for a variable was set at= 0.15. The variable was then only included to tieary
logistic regression model, if via the backward wustbn a significant change in the

Likelihood Ratio (LR) was achieved.

4.2.1.1 Simple prediction model

The simplest forecast model for high caries incagemcluded only gender, household
income and the age. The risk age was categorized 45 years and the household
income as < 2150 DM per month. Men had an odde (@R) of about 1.5 and low
income an OR of 1.8 (Table 15). This model achiemedrea under the ROC-curve of
0.675. The sensitivity and specificity for this nebevere depending on the gender each
only slightly higher than 60 % (Figure 18).

Table 15: Simple model for the prediction of high aries increment & 9 surfaces in 5 years)n
dentate adults (N = 2,565) in Pomerania includinghe factors age group, gender and household

income which are presented with odds ratios (95 % K.

Simple prediction model Sig. OR (95 % CI)
Gender (male) 0.001 1.53 (1.14 - 1.88)
Income (lowest third) <0.001 1.79 (1.36 - 2.36)
Age €& 40 years) <0.001 3.75(2.70 - 5.22)
AUC = 0.675

4.2.1.2 Prediction model including all associated factors

The best prediction model for high coronal cariesrement (Table 16) in this
population of dentate German adults applied théofac gender, age, income, pain
associated dental visit, self-perception of testinpking, baseline caries experience
(DMFS and the adjusted DMFS, which was squaredcantred). In this study sample,
men had an OR of 1.8 and, therefore, a 1.8 timgdsehirisk of being in the high caries
increment group than women. Similarly, people vaittow income had an OR of about
1.7. The self-perception of teeth being not goodbant was associated with an OR of
2.2. Baseline smokers had an OR of 1.4 to belorthadcigh caries increment group.

Nevertheless, all these significantly associatathisées only have a small OR, as they
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range barely from slightly above 1 till an OR ofb2sides the age which accounted for
the highest OR with a 3-fold higher risk. High Has® DMFS prevailed almost a
similar OR than low DMFS. Still, higher baselineriea experience showed to be a
significant predictor of caries increment. The pecédn model was even more exact if
instead of a dichotomous variable for the agebalear age groups were applied. For
an easier prediction model all the 13 five-year ggrips were summarized in this one
variable (< 40 vs> 40 years). This model produced an area under @@ & 0.727.

Table 16: Prediction model of high caries incremen{> 9 surfaces in 5 years)n dentate adults in

Pomerania (N = 2,565) presented with odds ratios %6 CI) for the included exposing variables.

Prediction model Sig. OR (95 % ClI)

Gender (male) < 0.00: 1.79 (1.37 - 2.34)
Age group % 40 years) < 0.00: 3.02 (2.12 - 4.30)
Income (< 2150 DM) < 0.00: 1.69 (1.24 - 2.24)
Pain-associated dental visit (yes) 0.00¢ 1.64 (1.16 - 2.31)
Self-perception of teeth (not good/ba < 0.00: 2.17 (1.66 - 2.84)
Smoking (current) 0.02( 1.38 (1.05-1.81)
Baseline DMFS (high) 0.00z 1.08 (1.03-1.14)
Baseline DMFS (squared & centred) 0.01: 1.00 (0.99 - 1.00)

AUC =0.727

* The variable baseline DMFS (squared & centred)used for adjustment and

mentioned only for the sake of completeness.

The model predicted high caries increment on a laimievel (OR and AUC
comparable) when the variable school educationQ<«wd4.> 10 years) was included
instead of the household income (< 2150 DM), as ket markers for the socio-
economic status. This is presented in the nextigred model, which also considers
gender-dependent correlations (Table 17).

4.2.1.3 Prediction model separated by gender

In men, the variables smoking, low school educatpmain associated dental visit and
high baseline caries experience were significarttyrelated with higher caries
increment (p< 0.012), whereas in women neither of these vargabbed a significant

association with high caries increment (Table 17).

53



Results

Table 17: Prediction model of high dental caries iorement & 9 surfaces in 5 years) separated by
gender presented with OR and 95 % confidence inteal. The factors marked with bold letters

show gender-dependent differences, as they only shaignificant influence in males.

Prediction model separated by gender Sig. OR (95 % CI)

Male Self-perception of teeth (not good/ba < 0.001 1.99 (1.38 - 2.86)
Pain-associated dental visit (yes) 0.001 2.14 (1.38 - 3.31)
Smoking (current) 0.008 1.62 (1.13 - 2.30)
School education (< 10 years) 0.012 1.59 (1.11 - 2.28)
Age €& 40 years) <0.001 2.56 (1.58 - 4.15)
Baseline DMFS (high) 0.003 1.10 (1.03 - 1.18)

Baseline DMFS squared & centred * 0.019 1.00 (0.99 - 1.00)
Female Self-perception of teeth (not good/ba < 0.001 2.04 (1.39-3.01)

Pain-associated dental visit (yes) 0.560 1.19 (0.67 - 2.09)
Smoking (current) 0.990 1.00 (0.67 - 1.51)
School education (< 10 years) 0.940 1.02 (0.66 - 1.57)
Age €& 40 years) <0.001 2.63 (1.57 - 4.42)
Baseline DMFS (high) 0.160 1.06 (0.98 - 1.14)

Baseline DMFS squared & centred * 0.220 1.00 (0.99 - 1.00)

* The variable baseline DMFS (squared & centred)used for adjustment and

mentioned only for the sake of completeness. Ftaildeon the AUC see Table 19.

Male current smokers had a risk of 1.6 to be in ligh caries increment group,
whereas female smokers had basically the sameasidkmale ex- or never-smokers.
Moreover, men with a low school education had an@R.6, in contrast to women
with lower school education whose risk is not digantly different from the reference
group. Furthermore, male participants who visitegl dentist symptom related showed
a statistically significantly higher risk of cari@gscrement, with an OR of about 2.1.
This factor showed again no statistically relevastsociation for women. These
findings confirmed gender-dependent associationsth® caries increment. High
baseline DMFS was also associated with a highefddRigh caries increment in men

while in women this association was not significant
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4.2.2 Caries prediction: sensitivity, specificity and AUC
All single variables presented in Table 18 had Very sensitivities but quite high

specificities in predicting high coronal cariesrement £ 9 surfaces, top 10 % caries
increment risk group). Nevertheless, only the ar@anizing the prediction were used
for the prediction model (Table 19).

Table 18: Sensitivity and specificity of the singlevariables predicting high caries increment % 9

surfaces) in an adult population (N = 2,565) in Ndh-East Germany.

Variable predicting high caries increment Sensitiiy (%)  Specificity (%)

Gender (male) 13.6 90.7
School education (< 10 years) 17.0 90.8
Self-perception of teeth (not good/bad) 17.0 90.8
Registered at a certain dentist (no) 19.3 89.0
Self-reported general health (not good/bad) 16.0 4 89
Pain-associated dental visit (yes) 18.2 89.6
Age €& 40 years) 15.3 95.0
Smoking (current) 13.4 89.6
Income (< 2150 DM) 12.8 91.1

The model for coronal caries prediction in dentatalts presented in paragraph 4.2.1.2
with the factors gender, age group, income, paso@ated dental visit, self-perception
of teeth, smoking and baseline caries experienddF$) produced an area under the
Receiver Operating Characteristic curve of 0.75nf@mn in contrast to only 0.68 for
women (Table 17). This is considerably higher tBa&8¥5 which was the AUC for the
simplest not gender-differentiated forecast modeluding only the three factors: age,
gender and income.

The gender-dependent stepwise change of the adea the curve (AUC) in the
model building process with the addition of thengigantly associated variables one
by one is depicted in Table 19. For a better visumalerstanding the correlating graphs
are presented as well (Figure 18).
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Figure 18a/b: ROC-curves depicting the probabilitis and the different AUC of the prediction
models applied stepwise in the model building pross for the prediction of high caries increment
in males (a) and females (b). The cluster with itsrossings of the vertical and horizontal lines

indicates the false positive rate (1 - specificitygnd its corresponding sensitivity.
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For each model the sensitivity with its correspagdspecificity can be obtained from
Figure 18, the highest sum (sensitivity + spedificis at the point of the graph which
is located the closest to the upper left corner.rfales the highest sum of sensitivity
and specificity was achieved in the area of a fptsgtive rate (1 - Specificity) between
0.3 - 0.4, which corresponded depending on thegrestiction model to a sensitivity of
75 %. For females the highest sum of sensitivitgt apecificity was achieved in the
area of a false positive rate (1 - Specificity) D@ which corresponded in the best
prediction model to a sensitivity of 68 %. The egh AUC in the model building

process was 0.75 for men and 0.681 for women (TE®)e

Table 19: The gender-dependent stepwise change bktarea under the curve (AUC) in the model
building process are shown for males and femalesarately. Variables resulting in a significant

improvement of the model are marked with *.

Prediction model AUC 95 % Cl
Male Age ¢ 40 years), income (< 2150 DM) * 0.670 0.628 - 0.712
+ baseline DMFS (high) * 0.705 0.664 - 0.746

+ pain associated dental visit (yes) * 0.722 0.682 - 0.761
+ self-perception of teeth (not good/bad) 0.740 0.702 - 0.779

+ smoking (current) * 0.750 0.713-0.788
Female Age ¢ 40 years), income (< 2150 DM) * 0.647 0.598 - 0.697
+ baseline DMFS (high) 0.657 0.608 - 0.705
+ pain associated dental visit (yes) 0.651 0.602 - 0.699
+ self-perception of teeth (not good/bad) 0.681 0.632-0.730
+ smoking (current) 0.681 0.632-0.730

4.2.3 The high risk person

The persons at highest risk for high caries incrégmeould have been male smokers
older than 40 years with a low school education/ioeome, a low self-perception of
teeth who visit the dentist only symptom-based. ey, this person does not exist in
the study sampleMale smokers older than 40 years of age belongezBtéo to the
high caries increment group, which in total coregisbnly of 11.4 % of the population.
But only 256 of the 2,565 participants carried ehastributes. Nevertheless, these 3
factors already doubled the chance to identifyraqreat risk for high caries increment
(Table 20).

57



Results

Table 20: Number of male smokers older than 40 yearfrom the study sample according to the

affiliation to the high or low caries increment graip (total N = 2,565; males N = 1,246)

Caries increment group Threshold N %
Low <9 DMFS 198 77.3
Hig_]h >9 DMFS 58 22.9
Total 256 100

Sensitivity: 19.8 % (in total); 34.3 % (within ma)e
Specificity: 91.3 % (in total), 81.6 % (within male

Moreover, if the factor smoking was exchanged wiltle variable of a low self-
perception of teeth the chance for a correct ifieation rose from 1:5 to almost 1:3
(Table 21).

Table 21: Number of men older than 40 years with dow self-perception of teeth from the study

sample (N = 2,565; males N = 1,246) according toetlaffiliation to the high or low caries increment

group.

Caries increment group Threshold N %
Low <9 DMFS 137 72.9
Hig_]h >9 DMFS 51 27.1
Total 188 100

Sensitivity: 17.5 % (in total), 30.2 % (within ma)e
Specificity: 94.0 % (in total), 87.3 % (within male

4.3 Summary of the main results

Caries incidence was a highly relevant problemhis adult population from North-
East Germany as 3/4 of the participants had at leas surface affected by caries
within this 5-year time period. The mean 5-yealiesaicrement in this study sample
was about 7 surfaces (full-mouth) and within thghhcaries increment group even 28
surfaces (full-mouth). This shows that caries inezat was clearly polarized. The high
caries increment group (9 surfaces of caries increment in half-mouth) mgkap for
about 10 % of the total sample had more than 40f ¥heototal number of surfaces
affected by caries increment. The remaining 90 % ball 60 % of the caries

increment.
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High caries increment was statistically signifitgnassociated with male
gender, age 40 years, lower school education, current smokpagj-associated dental
visit, baseline caries experience and a non-satgfgelf-perception of teeth. The
smoking habit, school education and pain-associatedtal visit were gender-
dependent factors, as they only showed to be higiéwant for the prediction of high
caries increment in men. Each of the factors inetuoh the model had an OR of about
1.5 - 2. This means that single male smokers wilimaschool education, who were
dissatisfied with the look of their teeth and \asitthe dentist only symptom-related
characterize the high risk person, though thisgredoes not exist in the study sample.

The simple prediction model (gender, age, schdatation/income) led to an
AUC of 0.675, which meant only a poor predictiorheTgender adjusted model
including all the presented markers resulted iaiatb good prediction (AUC = 0.75)

on an epidemiological level for men.
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5 Discussion

5.1 Discussion of the method

5.1.1 Study design and sample

The Study of Health in Pomerania has many stromgtforFirst of all, the longitudinal
design with a 5-year time spread and the large eurabparticipants in the follow-up
(SHIP-1, N = 3,300) is very unique in general, lasipecially in coronal caries
incidence studies. Secondly, a randomized strdtgemple was selected according to
age and gender in order to obtain a representaaraple of the population in
Mecklenburg-Vorpommern, which might be taken ascprsor for upcoming
demographic changes in Germany. As the populatighi® county is older in average
compared to the total population in Germany [Stiiaas institute Germany 2009], this
might hold true. This is the case, because espegabple seeking for jobs moved
away since the reunification of Germany. These weostly younger adults often with
children, as the number of school children in M-"dhdecreased above average
[Statistical Institute M-V 2011] (Table 2). Prevaly, the study population has been
considered to be representative of the populatigiNorth-East) Germany [Mundt et al.
2011, John et al. 2001]. Unfortunately, a vast amai drop-outs had to be noted,
though the response is still relatively high congglato other so called representative
cohort studies as high recruitment efforts wereentatken [Haring et al. 2009]. First of
all, out of the 7,008 subjects contacted at thet Btage subjects 126 died (Figure 6).
The subjects who moved away predominantly had &ehniggducation and a better
general health. As a result, they have higher atwmmé lower caries prevalence and
increment, because caries experience and increme¢nly in this study was found to
be significantly lower with higher social statusjtalso in another recent survey in
Germany [RKI 2009].

Moreover, the subjects who died were very likelgevland sicker, which posed
them at the same time at higher risk of high capresalence and increment. But as for
obvious reason no oral data was available in thEsm#icipants, this can only be
extrapolated, but not be proven. Still, these suibjevere regarded as neutral drop-outs
as they were not considered in the net sample.

The response of the net sample was 68.8 %, whmliteel in the total study
sample of SHIP-0 (N = 4,308). The distribution tighout all age groups and gender
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was shown in Table 1. Nevertheless, one can orgudate on other traits of these non-
responders. Most likely they were not neutral doogs: The fraction of drop-outs in
males was slightly higher than in females (31.894630.6 %), which means that drop-
outs exhibit a rather high caries increment. Furtioee, they were slightly older, which
was also associated with higher caries prevalendererement in this study.

Looking at the higher response rate in the follQ{@6.6 %) and the response
proportion of 83.6 %, which was considered veryséattory [Haring et al. 2009], still,
one has to accept that about one quarter of th@lsawas lost. Once again migration
(N = 130) and death (N = 231) were relevant factieeding to the same conclusion as
mentioned above. Moreover, as the participantdataiin SHIP-0 had already shown
to have an interest taking part in such a studgi{pe selection), they are less likely to
lose interest. However, 647 active non-respondes th be noted. Subjects living
alone, with a low educational level, female sexpkimg habit, a late recruitment in
SHIP-0 or unemployment were most prone for attmifiothis 5-year time frame, which
showed that in spite of high recruitment efforteston bias still occurred [Haring et
al. 2009].

High educational level predicted lower caries inoeat in this adult population,
and this was found to be predictive of a highempoese, too. Likewise, smokers
belonged more often to the drop-out group [Haribhgle 2009], and they were also
more frequently present in the drop-out group, Whieere excluded at the last step
before statistical analyses (Table 7). Socio-demyaigc factors identified as predictors
of caries incidence were, therefore, at the same predictors of non-response [Haring
et al. 2009]. This means that the fraction of sciigjevith supposedly higher mean
caries increment (e.g. low education and smokimgppled out and one can speculate
that the average caries incidence in the populaifahis region was even higher than
observed.

The participants with missing (oral) data (N = 138¢re excluded as no
statistical analysis on caries increment was ptessithey were more likely subjects
with high caries prevalence and increment, as baingre of the unsatisfactory oral
situation, embarrassment might have led them taléwgsion of non-consenting to the
oral examination. Dental anxiety or displeasing roges of a dental examination
might be further reasons. The selection of the ysts@imple for statistical analyses
excludes also the edentulous for obvious reasdmsy Belong to a group at very high

risk of caries increment, but with no further cariecrement possible, this group would
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bias the findings. Furthermore, all subjects withageline DMFS > 55 were excluded
for the risk modelling process as per definitiontbé& caries increment risk group
(> 9 surfaces of caries increment in 5 years in #lerhouth design) they could not be
categorized to the high caries increment grouppaljh they would very likely belong
to the high risk participants similarly like the ezdulous. Therefore, the drop-out
analysis was performed and presented in the chagtarial and methods (3.9).

Due to the mentioned drop-outs at the differenjetathe final sample of this
caries incidence and caries prediction study wgsifstantly younger, healthier and
had a higher educational level compared to theamized stratified sample drawn in
the beginning and also in comparison with the pigndints in SHIP-0. Participants with
a baseline DMFS > 55 (including edentulous) weso aignificantly older, rather
current smokers and had a lower school educatian #ll participants in SHIP-0
(Table 7, Table 8). This showed that the drop-again had a lower social status.
Interestingly, they had a better self-perceptiorthefir teeth, as they might find their
total/partial dentures to have good aesthetics.elher, the mean age differed highly
significantly between men and women (Table 8). Fhaly sample, therefore, was
younger and statistical adjustments should be densil for the long-term follow-up to
compensate this selection bias and to ensure asapative sample for the current
population in Mecklenburg-Vorpommern. Still, as theedian age in the ageing
population of the whole of Germany was clearly ygemwith 41 years in 2000
[Statistical Institute Germany 2009], the study pemmight account for the entire
(ageing) German population in the future. In thase; the prediction model developed
in this study might prove very valuable for thentication and the prediction of the
high caries increment group in Germany.

However, in spite of a high total number of papgasts (N = 2,565) and a very
high response proportion in SHIP-0 and SHIP-1, dnep-outs still had a relevant
impact on the results as the social gradient reetaiAs presented, the study sample
underwent certain selection bias at baseline amdstirvival of the subjects also
correlated with socio-demographic factors [Haribgle 2009], which were also found
to be predictors of high caries increment.

In SHIP only German citizens had been investigdt@dmmunity Medicine
Research Net 2012] while the fraction of foreigners Germans with immigrant
background in the county was clearly lower thahi& whole of Germany [Statistical

Institute Germany 2011]. Factors as immigrant bemligd and ethnicity were,
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therefore, not considered in this study, which edell by selection the rising fraction
of German adults with immigrant background [StatadtInstitute Germany 2011] and
might, consequently, slightly reduce the appliagabito the entire population of
Germany.

Nevertheless, with these robust and easily app8calrediction models
(Table 15, Table 17, Table 19), the risk of highesincrement can be identified. This
applies in particular as the total adult populaiiloiisermany presents similar levels of
caries experience [Splieth et al. 2003] comparethi® study sample. Moreover, this
means that the relevance of certain ethnic andgagep specific factors should be

considered as small and, therefore, not critical.
5.1.2 Variables and categories

5.1.2.1 Caries experience and increment (DMFS vs. DMFT anddjustment)

In order to be able to compare the findings of gtigly, an analysis at the surface level
(DMFS) was used, as many epidemiological studies s index [Oral health
database 2011, Tanaka et al. 2009]. The recordihtye caries experience on the tooth
level (DMFT) were too high in SHIP-0 and SHIP-1g&in a realistic view on the caries
increment. Very likely caries incidence in adultcarred from e.g. an occlusal filling
to an approximal-occlusal filling or to a crown.iFltannot be exhibited by the index
DMFT, as the number of affected teeth remains emsOn average, only very few
healthy teeth were left to be affected by cariesament in this study sample of dentate
adults [Splieth et al. 2003], as already about ludlthe total surfaces had caries
experience (4.1.6). This would have biased andeshihe results on caries increment
towards people with lower DMFT scores.

Moreover, the advantages and disadvantages of tM€&TZS index as a
frequently used index are known and quite obviManly, it is an easy obtainable and
well-reproducible variable in order to compare esriexperience in populations,
because dental examiners achieve generally (amdimls¢his study) high inter- and
intra-examiner kappa values (3.3). Nevertheless, rtbed for restorative treatment
might be underestimated [Pitts 1997]. Caries diago® using a modified DMFT index
including radiographs showed about 1.5 higher sgpi@valence than without X-rays
[Becker et al. 2007]. Moreover, in dental practioegor clinical trials, the diagnosis of
coronal caries can be based on a combination afiavignd tactile measures,

radiographs as bitewings, fibre-optic transilluntio@m, electronic caries monitor and
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guantified light-induced fluorescence [Pretty 2Q0&dch having different strength and
weakness and, therefore, a combination very likedgs to a more exact and higher
amount of diagnosed caries [Pretty 2006, Pitts L99@ne of these further diagnostic
methods was applied in this study, because they wamgractical and are not

recommended by the WHO [1997] for epidemiologiaal diealth surveys.

On the one hand, using the DMFS index the appraxsondaces are most prone
to diagnostic error in a clinical examination, kart the other hand, as this was a
longitudinal study, the underestimation likely happd in both examinations and its
effect eradicates itself, measuring only the inaein Therefore, the impact of an
underestimation of coronal caries due to the lackdulitional caries diagnostics was
probably marginally in this study, especially ke®piin mind that the participants
underwent their dental treatment in dental prastisghere generally this diagnostic
measure and dental treatment were performed, k#ssacy. This is reflected by the
very low DS component [Splieth et al. 2003].

The author is aware that in a recently publishextesgatic review [Preisser et
al. 2012] on dental caries indices in epidemiolabistudies recommendations were
given concerning the presentation of caries prexaleand incidence. These so-called
zero-inflated count regression models were oritynaeveloped to eliminate the
potential inaccuracy in the description of the eswrprevalence and its distribution as
inherited in the traditional models [Preisser et 2012 review] as e.g. used in this
study. Interestingly, Preisser et al. [2012] fouhdt the results were often interpreted
imprecisely or incorrectly, which supported the iden to present data on caries the
traditional way (e.g. mean DMFS +SD). Moreover, tyy@e of the distribution of caries
prevalence (approximately a normal curve of distidn) and the generally high caries
prevalence were further reasons (Figure 16).

All of these influencing factors show that the adw®iof measuring the caries
increment on a surface level with the DMFS index well taken.

5.1.2.2 Primary outcome variable: caries increment

Any measure for caries increment is based on skwmsumptions. Moreover, in
collecting data mistakes occur, although e.g. kayglaes for caries diagnostics are
very high (intra-examiner 0.9 - 1.0; inter-examii®e®3 - 0.96). With high (baseline)
caries prevalence, which was the case in SHIP-GQieipet al. 2003] and SHIP-1
diagnostic errors are very likely. Additionallyetimnecessity for adjustment according to

Beck et al. [1995] becomes evident as negativeesancrement is not possible by
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definition of the DMFS as shown in Figure 8 depigtithe net caries increment.
Preliminary assumptions may cause, on the one hemdyverestimation of the true
caries increment if the crude caries increment j@used and on the other hand may
lead to an underestimation in case the net car@ement (NCI) is used. Moreover, in
other caries prediction studies the caries incremeas adjusted the same way
[Sanchez-Garcia et al. 2011]. In this study santpke,mean values for the crude caries
increment and the adjusted caries increment waresmilar. This would have left the
option to use only the crude caries increment,dugt to all the previously mentioned
factors, the measure of caries increment appliehisistudy was still adjusted to the
intermediate estimate called adjusted caries inergifiBeck et al. 1995].

Despite much statistical adjustment the carieseiment was not adjusted to the
length of the time period between the two oral exatons in SHIP-0 and SHIP-1,
which stands in accordance to other published tadgial studies using SHIP-data
[Mundt et al. 2011, Haring et al. 2009]. As thisxé adjustment is not possible using
the logistic regression this influencing factor hade passed over. The adjustment of
the time period between the two examinations céwalde only been realized with the
Poisson regression, which does not produce prabeviheeded for the ROC-curves.
However, as the time period of 5 years is alreagifedong, few additional months or
even a year might not make a relevant differenatenselection of the participants at
high risk of caries increment, especially consiagrihe large number of participants
and the high threshold>(9 surfaces) for the high caries increment groupl, $is
aspect as generally done has to be accepted, dplokiter alternatives.

Beyond doubt, in some cases a more detailed kngelexh the different
components of the DMFS-index might have been udefubetter differentiation, but
the adjustment of each of the components was ntirpged and, therefore, no detailed
data was presented on the different componentssifigde components (DS, MS and
FS) would have made a more specified interpretgtmssible: DS is the indicator for
the need of treatment, as it stands for decayddcas. It has been found to be very low
in Germany [RKI 2009, Micheelis and Schiffner 200&$ well as in this study sample
[Splieth et al. 2003]. DS therefore, played a mirae for the DMFS and was for that
reason not the main concern of this research ompthdiction of caries incidence.
Moreover, MS stands for missing surfaces and depie severity of caries, or with
age the low threshold for extraction due to periadbreason [Splieth et al. 2002].

Unfortunately, the threshold for tooth-extractiofts periodontal reasons has been
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found to be low in Germany as the attachment lef@xtracted teeth with low caries
experience was between 50 - 70 % [Splieth et @2R0At last, filled surfaces (FS)
show the level of dental care and make up for thkdst part of the index hand in hand
with MS, depending on the age of the adult parsictp Despite this limitation, one
needs to keep in mind that the aim of the study megther the identification of the risk
factors or predictors for the incidence of tootedoMT) [Houshmand et al. 2012,
Mundt et al. 2011] nor to predict individuals witipen cavities (DS). Moreover, in a
recent incidence study (also SHIP) in almost theesatudy sample used for statistical
analyses, caries was found to be the best predictoincident tooth loss in young
adults (20 - 39 years) in contrast to periodontaibmeters for older adults [Houshmand
et al. 2012]. This means that with age and, theeefspecially in older adults the cause
for tooth loss shifts from caries to periodontaedise. This obviously has an influence
on the DMFT/S as the cause for the extraction {plental disease or caries) can hardly
be obtained in the aftermath. This suggests thgoimger adults carious lesions were
the main reason for an increment of the DMFS (moB% and MS component).
Whereas with higher age the increment of the FSpoorant was still due to caries,
while the MS component increased rather due toogental disease. This stands in
accordance with findings in Denmark, where the propn of MS/FS in elderly was
found to be higher than in younger adults [Krustamgl Petersen 2007]. Furthermore,
poorly contoured fillings or prosthetic restorasofcrowns, bridges, etc.) provide a
niche for plaqgue accumulation and may, therefoley ae a potential risk factor for
marginal periodontal disease [Geurtsen 1990]., $tidith loss could also mean that the
caries experience had been more severe or thathbige of dental therapy like
endodontic treatment had not been available fosethmhorts and, therefore, led to
higher MS.

5.1.2.3 High caries increment group

The choice to put the threshold at 9 surfaces dgegsancrement for the high caries
increment group was based on several factors. &iratl, a group of about 10 % is
small enough to call it a high risk group. Secontiyese subjects, as caries increment
was found to be polarized, have more than 40 %heftbtal number of surfaces
affected by caries incidence (Table 14). This @igpla clinically relevant amount of
carious surfaces affected, but still a justifiabfeall group size for an adequate cost-
and time-effective preventive strategy being sigaiitly smaller than the threshold of

30 % to start population based prevention [Haug89VY]L Moreover, the interpretation
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of the OR is more powerful. With lower prevalendeaa event (e.g. here 10 % high
caries increment group) the values for OR and RRveme and, therefore, can be
considered almost equivalent at this level [Sistieomd Garvan 2004]. Furthermore, in
preliminary analyses the prediction (ROC, AUC) torgroup size of 10 % showed
undoubtedly better results than for a risk grouge 9f 25 %. Amongst others, this
enforced the decision to define the group at riskigh caries increment to the smaller
size of about 10 %. Due to this defined size of risk group the study sample was
adjusted. This led to the exclusion of some paudicts of the supposedly high caries
risk group (edentulous or baseline DMFS > 55), wiers definition could not be
categorized into the high caries increment groulpesé drop-outs as assumed and
already presented above (3.9, 5.1.1) had otheractaistics in the significantly
exposing factors as they were older, had lower@obaducation and were rather current
smokers. This consequently would have had an eriag impact on the results (Table
7, Table 8). Thus, this group which exhibited hicdries prevalence already at the
beginning of the study confirmed the findings foales in the high caries increment

group.

5.1.2.4 Half-mouth design

According to Gulzow and Maeglin [1964] data on earnprevalence in epidemiological
studies does not differ regarding the way of trerding (half-mouth vs. full mouth),
due to the symmetrical distribution of caries. Qngly, caries affected surfaces can be
collected a lot quicker in a half-mouth design, asl in the pilot phase also no
significant differences had been proven [Splietlalet2004, Hensel et al. 2003], this
design was chosen for this large scale examinagdifi, the presentation of data on
caries increment from a half-mouth design leads tlmwer comparability to other
studies. Nevertheless, for an easy comparisonnten values of the caries increment
only need to be doubled. Unfortunately the standhadation of these mean values
cannot be computed without the original data. Negless, reminding that the main
objective of the study was to predict the groupabrbest the individuals with the
highest risk for high caries increment on an epidérgical level, the exact values for
the standard deviation are of secondary interestedver, the prediction of the exact
increment in an individual person stays an open.gbaus, it remains a task that

experts think to be barely possible [Hausen e1@9.7].
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5.1.2.5 Initial caries lesions

Unfortunately, the factor initial caries as a marékcaries activity could not be used in
this study as it has not been recorded. The variarnamel defect” was collected, but it
only included carious defects (DS) in enamel indtefanon-cavitated lesions and it was
rarely present [Splieth et al. 2003]. After theiesrdecline, a documentation of initial
active lesions with surface breakdown seems toelbg inportant in children to prevent
the impression that the very low caries values espireedom of caries activity. Data
on coronal caries should register at least actiutel lesions such as the Nyvad index
[Nyvad et al. 1999], which proposes a more distieeel of detection, especially of
carious processes within the enamel. In adults thiéhcurrent high levels of restored
lesions, the D-component plays a marginal role eweh the differentiation between
carious defects in enamel and dentine revealed fesvylesions confined to enamel.
Active initial lesions in adults had enough time develop into defects during the
5-year course of the study. Thus, the argument,ttleaDMFT/S lacks to reveal if the
caries process is active or inactive, is validdarss-sectional studies, but not relevant
for longitudinal settings as in the present studigvertheless, active lesions (white spot
or initial stage decay) may have shown to be a gwedictor of caries incidence as
they are the early sign of the clinically visibletige carious process [ICDAS 2012].
This concept differs from the idea of predicting ttisease via the disease, which has
been shown to be very successful, especially il [Alm et al. 2008, Tagliaferro et
al. 2008, Reisine and Psoter 2001, Hausen 1997ihémmore, using caries activity as
the predicting factor is an approach of primaryvprdgion in contrast to measures of

secondary prevention using the caries experientdeeassk marker or predictor.

5.1.2.6 Selection of other variables

The selection of the other predominantly socio-ro@dvariables used in the prediction
model mostly do not need to be discussed in d&tge. (5-year age group) and gender
are self-explaining. The level of school educatiself-perception of teeth, the pain-
associated dental visit and being at a certainisteaute based on self-report (yes/no or
good/not good). These questions very likely weranaamed correctly as no evidence or
hint for a biased answer was present and theséigueslid not touch socially difficult

topics. Contrarily, the number of participants mayfproblems with alcohol” was very

likely to be underestimated as the embarrassmetiteoregression connected to the

answer though anonymously made remains obviousiréf nobody easily admits to
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have problems with the consumption of alcohol, dome not even to oneself.
Secondly, harm reductions in the self-perceptioalobhol use are usual. For example
a large part of students in the USA reported natsaming alcohol at the last
socialisation, while only a tiny fraction of thaiollege students had not drunk [Haleem
and Winters 2011]. Therefore, undoubtedly, a dsaney in the self-perception of
drinking is present. This might also be an explamathat this variable was not found
to be statistically correlated to high caries ietide. Moreover, the variable smoking
was simplified to the highest degree (current wsvemex-smoker). In preliminary
analyses, no better outcome was generated wherettggamoking was differentiated
to the exact number of cigarettes. In addition, phediction model was aimed to be
kept as easy as possible, which could only bezealby simple dichotomous variables.

5.1.2.7 Statistical tests and quality of the prediction moel

As stated in material and methods significancegwested according to the type of the
data. All these statistical parameters especiaiéy ¢hi square tesy, the t-test, the
ANOVA and the odds ratios (OR) are frequently usedepidemiological studies
[UNCCPHP 2012]. Moreover, a valuable criterion the quality of the prediction
model is the area under the curve (AUC) of the RQGerefore, the AUC was
calculated using the binary regression, being tbdehresulting in probabilities needed
for the creation of ROC-curves [Hanley and McN&B2]. Moreover, the OR can be
considered quite similar to the relative risk whanevalence is low (10 % or less)
[Sistrom and Garvan 2004], which was the case akimstudy the size of the high

caries increment group (11.4 %) was very closé to i
5.2 Discussion of the results

5.2.1 Caries prevalence and increment

In this study caries was still a highly relevantigem in German adults of all ages.
Adults had high levels of caries experience in SBIBnd SHIP-1. Moreover, a very
high proportion (77.2 %) of adults in this studyrgde had caries incidence during the
observation period of 5 years. Additionally, a mdagear caries increment of 3.7
surfaces (median 2) in the half-mouth design shddonsidered as highly relevant
from a socio-medical point of view, because thisansean average caries increment of
almost 2 completely healthy teeth in each adulthed population. The 10 % of the
population with the highest caries increment hadnean increment of more than 9
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surfaces in the half-mouth design. This leads tesiimate caries increment of at least
18 surfaces (full mouth), which again means thatsummary the surfaces of 4
completely healthy teeth were affected by carighiwiS years in this high risk group.
Contrarily to the caries experience (DMFS) theesincrement was clearly polarized
in this adult population. Especially consideringttii/4 of the sample had 2/3 of the
caries increment and 10 % of the participants Haata40 % of the total number of
surfaces affected by caries increment. These fgsdgtand in accordance to studies on
caries incidence in children in which about 1/3Lté of the population portrays 2/3 to
3/4 of the total caries [Peres et al. 2008]. Moegp\a high socio-economic level
showed to be clearly protective of caries incideinche permanent dentition in school
children [Chankanka et al. 2011], similarly to fings in this study. This goes along
with Ferro et al. [2012] who conclude that the ‘iseeconomic status is still a predictor
for dental decay in the Italian 14-year-olds.”

Future research needs to analyse if the cariegrmamt of this population in
Mecklenburg-Vorpommern actually represents theesaincidence in the German
population, because many factors mentioned sugdbat this study even
underestimates the real caries increment. Nevesbkelhe validity of the predictors
remains for this population. Moreover, one hasaiesader that the demographic change
combined with the large decline of caries prevateimcadults will have an important
effect on caries incidence. This can already b& seehis study as younger adults
(20 - 39 years) had less caries increment, which lba interpreted as slower
progression of the carious processes possibly duenore effective preventive
measures. As no national caries decline in childrehadolescents was observed in the
GDR before reunification of Germany [Kinzel 1988pne of the adults in this study
benefited from improving caries prevention duringldhood as data collection for
SHIP-0 began already in the late 90s. Thus, therebd lower caries increment in
young adults has to be a post-unification effedteAreunification a caries decline in
children of more than 30 % could be observed whies accounted to a “broader
availability of fluorides” and a “high level of imddual dental curative and preventive
care” [Kuinzel 1997]. Consequently, the upcomingegation in (North-)East Germany
with declining caries experience in childhood [DAR010] will profit from these
measures also in adulthood, where further caridsct®ns can be anticipated. In the
last national health survey (DMS IV) the referegeeup for adults (35 - 44 years) had
a clearly lower mean DMFT than in the previousarai survey (DMS lll) [Micheelis
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and Reich 1999, Micheelis and Schiffner 2006], Whsbows that the caries decline has
reached German adults. Though only a hypotheticahaio for Germany, the so-
called cohort-effect very likely will occur as tlegffects can be observed in other
countries like the USA [Mjor et al. 2008], whichagked prevention decades before
Germany [Splieth 2004]. With the demographic charegel the ageing of the
population [Statistical institute Germany 2009]ntdan hand with the improved caries
prevention in childhood [DAJ 2010], the adults ombrrow will not prevail anymore
the situation of caries experience and incremergicte in this study. This is
especially plausible as every dental restoratiors rilne risk of subsequent damage of
neighbouring healthy surfaces, which could be draky reduced in the future.
Therefore, the need for prosthetic and restoradmetistry per person could decrease
along with the declining DMFS and the decreasingoutation in Germany.
Nevertheless, more remaining teeth have a higls&rtd be affected by periodontal
disease and with the ageing population in Germ&ugtistical Institute Germany 2009]

these teeth also have a longer expected functinodoe

5.2.2 The influence of age and caries experience on cagigncrement

The mean age at baseline in the high caries inaregreup was significantly higher
with 51.8 £13.1 years vs. 44.5 £14.3 years in gference group (p < 0.001, ANOVA,
Table 11). Nevertheless, the variation of cariesament should be observed within at
least two different age groups (young adults andemladults). This factor was
simplified into a dichotomous variable as all th#ulh age groups> 40 years had
significantly higher mean caries increment thanytkenger adults (Figure 13).

In accordance to expert opinions on the genera¢atecline [Bratthall et al.
1996], the caries progression of this study samdelereased with younger age in the
time frame between SHIP-0 and SHIP-1. This cori@tabetween age and caries
progression after the introduction of caries prédeenprograms for children has been
proven already by Friis-Hasché [1994], as everytalerestoration leads to further
caries increment as no restoration is ever-lastifpn though caries progression
slowed down, caries prevalence and increment igetlyung adults (20 - 39 years)
was still on a relevant and high level (Table 9).

In middle-aged adults and seniors (40 - 79 yedrshie study most likely the
increase of the DMFS in this 5-year period wasardy due to new carious lesions but
also to the replacement of fillings (mean lifespan years) and prosthetic restorations

(mean lifespan > 10 years) [Splieth and Flel3a 2@0g]for the replacement after tooth
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loss, which couldhave been also due to periodontal reasons [Spdiesth 2002]. This
means that one should always be aware that DMFId&s may increase not only due
to new caries lesions, but also due to prosthetikwas for the replacement of missing
units with bridges or the replacement of fillingghich were found to have a median
longevity around 8 - 10 years [Mjor et al. 1990].

Especially for people with frequent social contastmost adults of this age are,
aesthetic teeth and an attractive smile play arortapt role [Van der Geld et al. 2007]
assuming that this counts similarly for the functmf these teeth. Furthermore, "tooth
loss can be disabling and handicapping” and may l@agrofound impact on people’s
lives [Fiske et al. 1998]. Therefore, prosthetiatiry is undertaken. Interestingly, the
drop-outs had a higher self-perception of teetB)(3vhich shows that total and partial
dentures might even achieve better aesthetics ttharown teeth. One further major
reason for the high caries prevalence in the stedyon has been accounted to the
German oral health care system [Splieth et al. PGORI the fact that until the
reunification in Germany fluoridated toothpaste vimsely available [Treide 1984].
More importantly, these participants have not Heddhance to obtain and learn caries
preventive measures during childhood as the IPrproge (individual prophylaxis in
dental offices in Germany) was not introduced B9 for 12-year-olds and not until
1993 for 6-year-olds by the health insurances [@iegmd Momeni 2006]. Therefore,
they might undertake shorter or less successfydlpiaxis at home, which is obviously
also more difficult with a higher rate of dentakt@ation. Moreover, they might still
carry the thought that the dentist is responsibletlieir oral health, as still a lack of
knowledge on the prevention of oral diseases epdgigarwal et al. 2010].

Due to the definition of the DMFS index, baseliragies experience correlated
with higher age in study sample. Moreover, basetiages experience (dmfs/DMFS)
has been proven to be a predictor for caries imcielen children [Tagliaferro et al.
2008, Fontana and Zero 2006, Gilbert et al. 2000yl 1998]. In elderly, the number
of remaining teeth was shown to be predictive [F@@®4], but no significant
correlation could be observed in this study. Thecept to predict the disease (caries
incidence) with the disease (caries experienceksydyut is by far not satisfying for a
preventively orientated dentist. Obviously, thetéadaseline caries experience has an
impact on the caries increment, as it shows whetmemperson has been able to deal
with the disease in the past. Adults with a loweliae DMFS belonged mostly to a

group with no or a low risk of high caries increméRigure 16, Figure 17), but not
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automatically. In case a risk factor changes (dwetishing behaviour, periodontal
disease, etc.), these adults have the highest muwhbarfaces at risk for future caries.
In daily practise, dentists often use caries exgoee as an indicator for caries
increment in children [Sarmadi et al. 2009], whitdis been identified to be its best
predictor [Messer 2000, Van Palenstein HeldermaB8lL9The present study showed

that this association is also valid for adults.

5.2.3 The influence of gender-dependent variables on cas increment

Men showed significantly higher mean caries incrneimi@ this study (Table 10,
Figure 13), whereas women on the contrary haveehi@MFS/T scores in general
[Armfield et al. 2009, RKI 2009] and also at baseli[Splieth et al. 2003]. This is
probably due to a higher frequency of dental viaitsl earlier restorative dental care
[Astrom et al. 2011], but maybe also due to othetdrs like hormones, lower salivary
production or food cravings during pregnancy [Jiretaal. 2011]. In the German oral
health survey, adults (35 - 44 years), who visét dentist control-based have slightly
higher caries experience. Generally, the numbetechyed surfaces (DS) is very low,
because they are treated “immediately” in Germangreover, the size of fillings in
adults usually is larger than the primary cariesole due to the material used for
restoration and due to the concept “extension fevgntion” declared by G.V. Black at
the beginning of the chentury [Garg and Garg 2010]: A small mesial sgrier
example, will end up as a two-surface filling ore timesial and the occlusal surface.
Moreover, women also have a higher degree of dewestbration, as they rather
regularly attend the dentist and, therefore, mdéienahan men. In this study the factor
pain-related dental visit was significantly asstaglawith high caries increment in men,
while in women it was not (Table 17), which confgrthat women rather regularly
attend the dentist, while men do not and, therefasgt the dentist rather pain-related
[Schouten et al. 2006]. This can be also anticgpdtem the DMS 1V, in which
symptom-related dental visit was associated witjinéu caries experience in adults and
seniors [RKI 2009], but unfortunately, gender-degent differences of this factor were
not published. In this study, the effect of the @ational level on caries incidence was
also only present in men (Table 17). This meantsrtigan were more prone to belong to
the high caries increment group (mostly low edusdincome and current smokers). In
comparison women rather take care of themselves) #they smoke or if they are not
as well educated, because their demand for anedrestippearance remains due to

socio-cultural influence [Fox 1997]. Moreover, thshows, that women are rather
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capable to adapt and compensate these influencesamtain a better oral hygiene
than men. Additionally, not only in Germany lowelueational status was found to be
significantly higher in adults [RKI 2009] but alse,g. in Denmark [Krustrup and
Petersen 2007]. Nonetheless, as the study samigieates from a specific region in
Germany, the influence of the socio-economic facton caries incidence in adults
needs further proof in other populations. Thesealifigs were already shown in
SHIP/Germany [Mundt et al. 2011] and in the NHANESA [Wu et al. 2011].
Furthermore, to enforce the impact of socio-ecomofactors, unemployment being a
predictor for active non-response [Haring et aD2ds generally correlated with lower
financial status (monthly income), which was shdwie also significantly associated
with higher mean caries increment in this studyb{&d.1).

Likewise, men with a lower socio-economic statusdtdo have a lower
conscious for (oral) health (e.g. smoking), whichsweflected in the higher caries
increment. Interestingly, smoking women also conspém this unhealthy behaviour
and might perform a better oral hygiene due tocsaaitural influence$Fox 1997].

Moreover, the influence of smoking on periodoniakdse has been shown [Al-
Habashneh et al. 2009, Micheelis and Schiffner R08Bich might be another way to
explain the impact of smoking on the DMFS incremastwith age and a low threshold
in the attachment loss for tooth extraction the dd8ponent increases as well.

The differences in the mean caries increment mairiteghly significant even
without the consideration of the gender-dependemtalles such as education,
smoking, pain associated dental visit (Table 1Qufa 13, Table 17). This suggests that
women are rather capable to compensate unhedihstlile and learn to overcome the
tilted social gradient. For that reason, the pigalicof the subjects being incompetent

in oral health works truly better in men than innaen.

5.2.4 High risk prevention or population-based prevention

In this study the presented ROC-curves show thatdilagnostic tests meaning the
predictive models are far from being ideal (AUC )=Hut with an AUC of 0.75 reach a
fair to good level [Hanley and McNeil 1982]. Thatsdtical measurements in this study
showed for males with an AUC of 0.75 (sensitiviB0.2 %, specificity 87.3 %) a
similar level compared to a study performed on ghediction of root caries, which
resulted in an AUC of 0.75 and while displaying@ Isensitivity of 15.6 % and a high
specificity of 97.8 % [Sanchez-Garcia et al. 20NNévertheless, one has to keep in

mind, that the sensitivity and the specificity sigty depend on the prevalence of the
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disease and the selected cut-off points. In thise céne “prevalence” is roughly

equivalent to the 10 % of the participants belogdmthe high caries increment group.
With a larger risk group of caries incidence atch#éme positive predictive value rises
automatically, which displays the precision of thst detecting the subjects belonging
to this group. Likewise, the positive predictivdues increase with rising sensitivity

and specificity by definition [Fletcher and Fletcl2©05].

One key question remains: whether a high sensitorirather a high specificity
in caries prediction is set as a goal. First ofitlis of utmost importance to detect all
the ones in the high caries increment group, megaaimigh sensitivity, yet a lower
sensitivity leading to caries prevention for sonubjscts not belonging to the high
caries increment group is not harmful to their treaDn the contrary, considering, that
most adults in this study sample (75 %) had caneement during this time period of
5 years, additional preventive measures would bgfiiefor any of them. Evidently,
concentrating only on risk-specific prevention, lwibwer sensitivity the costs for
prevention will increase for insurances, the statdhe performing authority, as the
group size receiving intensive prophylaxis growkeatively, a high specificity helps
in this case to minimize the size of the risk groumpthis way the group at high risk of
caries increment can be narrowed down from botkssitNevertheless, none of the
presented models (Table 15, Table 16, Table 17paet a sum for the sensitivity and
specificity > 160 as demanded by Kingman [1990]ddnigh accuracy of such a risk
model.

Experts still debate whether prevention should bpufation-based or target
only the high risk group. According to Hausen [1R9revention should target an
entire population if the risk group is larger tHzth %, which obviously depends on the
definition of the population at risk. Moreover, Blatlor and Sheiham [2002], in
contrast to Burt [1998] and Hausen [1997], found, diat in spite of the polarized
distribution of caries in most countries of the \Wées World caries prevention should
always be population-based as “strategies limitedhdividuals 'at risk’ would fail to
deal with the majority of new lesions” [BatchelardaSheiham 2002]. Disregarding the
unsatisfying sensitivity and specificity for pretion but looking at the very high caries
experience, incidence and increment in this popmrathis already calls rather for a
population-based prevention, especially considetirag 90 % of the participants still
had about 60 % of the total number of surfacestdteby caries increment (Table 14).

Although the life-long perspective for preventiveeasures can be extremely cost-
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effective [Splieth and Flel3a 2008] the high cameperience of this study sample
“reflects the structure of the German national theabverage system and the need for
intensified preventive measures for adults” [Spliet al. 2003]: This shows, that very
little has been achieved in population-based camiegention in German adults. In case
of a politically rather unrealistic, but still reasable scenario of a national caries
preventive approach in adults, very likely a simpa@ocess of caries reductions could
be achieved as already observed in German chil@ad 2010], or in adults of other
countries like Sweden [Hugoson et al. 2000] or WA [Winn et al. 1996] in which
population-based caries prevention was started nyaays ago. As also seen e.g. in
British children [Schou and Wight 1994], the caregels decrease and become more
polarized after a dental health campaign. Conseatyetne distribution of caries
experience and increment in German adults will vikely become even more
polarized, while the total number of surfaces etheaffected by caries decreases step
by step.

Population-based prevention for adults could work bffering group
prophylaxis e.g. in companies. This is comparablgroup prevention for children in
schools. Alternatively, the liquidation of carieseypentive measures in dental practice
could be enforced, according to the individual prgaxis (IP), which exists for
children. Moreover, as presented by Sheiham and [2800], oral health promotion
could also work through the “common risk factor m@eh” as “conventional oral
health education is not effective nor efficienthelrisk factor approach gives attention
to common risk factors of chronic diseases and Ishioei seen as an oral health policy
“within the context of a wider socio-environmentallieu” [Sheiham and Watt 2000].
This means a major public health action on the timm$, which generally resolve in
unhealthy behaviours across the population, is gserg, instead of a high-risk
approach [Watt 2005]. A general public health prooro should address the
underlying determinants (“causes of the causesdq, aherefore, copes with the
inequalities in oral health [Watt and Sheiham 208Reiham 2000]. Furthermore, the
efficacy of caries prevention in high risk childreas been low [Kallestal 2005], and
suggests that also in high risk adults the impleaten of preventive measures works
less successful as hoped.

In spite of the call for a population-based preimntfor adults, in dental
practices an easy risk screening — like the preseptediction model — on caries risk

backs up and helps to come to a reasonable thempdecision. Especially,
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considering that the intuition of the dentist ahd taries experience have previously
been shown to be the best working predictors [$tA[®¥98]. Consequently, an
individual intensive prophylaxis with a higher freency and a higher effort should be
undertaken seeking oral and also socio-environrhefaiztors. Still, one has to
acknowledge, that the long-term influence of sodmttors make a more valid
prediction than aetiological factors as they infice the life-style a life long [Mundt et
al. 2007].

For the state and health insurances, an early ifdation of high risk
individuals might save money as for the preventess money might be spent than for
the restoration [Splieth and FleRa 2008]. In catirghe private health insurances
choosing their clients themselves could apply thiglel and might increase the fees for
the risk subjects. Nonetheless, one should be aatehe role of medical insurance in
dentistry is decreasing and, besides preventivesones, the costs will be privatized
[KZVBW 2006]. In Germany, many adult patients pagrtp of the total costs in
dentistry already themselves. This accounts fomplpytactic treatment as well as
prosthetic therapy. Still, the aim of a financiallell-situated and social country like
Germany should be a less polarised distributiothefcaries experience and incidence
as well as a generally tremendously lower mearesancrement in adults.

In conclusion, a population-based preventive apgrosould be indicated for
adults in Germany at first. This call is mainly edson the maintaining high caries
prevalence and incidence, while the predictionighttaries increment works only on a
fair to good level. Obviously, also ethically a ptgtion-based oral health policy is less
complicated, as anybody is being offered the sdma@ae for oral health, but political
boundaries still have to be overcome. Specifik-based programmes seem to be more
appropriate as a second step when a further cdeebne and an increase in the

polarisation can be detected.

5.2.5 Caries prediction

No single subject in the study sample had all #edrs, which correlated with higher
risk of caries incidence. Nonetheless, alreadyldf these factors increase the OR for
being in the high caries increment group tremengoufhe more factors the
participants have the higher the overall risk.|Stikither of these variables alone nor
several factors together make a prediction of laghes increment in an individual
possible. At the highest, a hypothetical male perachis study having all statistically

significant correlating factors of high caries imgrent would have an OR which is by
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far smaller than 228, which is demanded in orddre@ble to have such an impact on
the ROC-curve that the prediction of caries incadem an individual adult would be
possible [Wang et al. 2006, Ware 2006]. Such an (@R228) corresponds to a
sensitivity of 0.80 and a specificity of 0.90 [Waeigal. 2006, Ware 2006].

Still, the variables smoking, school education, gath-associated dental visit
have a very remarkable impact on the OR as thew shi@ractions with the variable
gender. Interestingly, as presented earlier thastils correlate significantly in men,
but not in women. Therefore, these variables shdaddof special interest in the
prediction of high caries increment in men.

Though, the prediction of high caries incrementncanbe applied for an
individual of this study sample, the few variabkgender, age and income/school
education) included in the simple model pose alyeadood basis for the prediction of
high caries increment on a population level. Ak tbther variables have a smaller
impact on the improvement of the prediction, whialso showed to be gender-
dependent, as only in males a further significamprovement was found. In
accordance to Wang et al. and Ware [both 2006], bag to admit that risk
stratification regarding processes of a multi-faetodisease is still very difficult to
realize. Therefore, efforts need to be undertakefintl markers and predictors which
provide a better basis for prognostic evaluationam individual patient or for a
prediction of caries incidence on a tooth levetwen surface level.

In a recent study performed in Mexico, a similar @D.75) was obtained in
the prediction of root caries [Sdnchez-Garcia eR@l1]. Moreover, similarly to this
study (compare Figure 18, Table 18) the valuesthar sensitivity (15.6 %) and
specificity (97.8 %) have been problematic [SaneBercia et al. 2011]. Likewise, in
the prediction of caries progression in childrem,AAJC ranging between 0.70 - 0.79
could be achieved [Fontana et al. 2011]. Furtheemior another study using the total
Cariogram for caries prediction in children a sewisy of 0.73 and specificity of 0.6
could be achieved resulting in and AUC of 0.751t¢Psson et al. 2010]. Whereas, the
reduced model without the factd®s eptococcus mutans, buffer capacity and secretion
rate had a sensitivity of 0.9 and only a specifiat 0.2, which lead to a significantly
lower (p < 0.05) AUC of 0.723. As previously memal, in children caries experience
has been identified as the best predictor of canesement, while for no single
diagnostic tool or factor the specificity and séugy of the test is reliably high for

caries prediction in an individual [Messer 2000n\alenstein Helderman 1998]. In
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that sense compared to children, the predictiocaoes incidence works equally well
or unsatisfactory in this adult population: Thedicéon of risk groups can easily be
performed, but on an individual level, the accurayuestionable making also the

allocation for risk-specific preventive programnaedgifficult task.
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6 Conclusions

The findings of this representative sample candreegplized with minor limitations to
the entire population of Germany. By nature, fosegaodels can impossibly predict
precisely, but offer a reasonable scenario fofuhgre.

The depiction of high caries prevalence and incréma these adults is
biologically plausible as none of them benefiteahirmeasures of fluoride prevention
during childhood and their existing restorationadlesubsequently to further damages
and increment of coronal surfaces.

The presented prediction model offers a conceptaforeasy screening to
identify a group of adults at high risk of high iesrincrement using the medical history
for a caries risk assessment. Only few easily abtde markers as the age, gender,
socio-economic status, caries experience, smokiaig-associated dental visit and the
self-perception of teeth may lead to an identifarabf a large part of the group at risk
of high caries increment. Interestingly, the prédit via these factors works quite well
for men while only fairly for women.

Nevertheless, as caries prevalence and incremeethigh, a population-based
caries prevention policy for adults as well as phelongation of the IP programme
existing for children, would be very reasonableskspecific intensified preventive
approaches might follow later on. This is also @ty less complex as the entire
population is being offered the same chances farlaalth.

Upcoming generations, who benefited from the estlabtl caries prevention in
childhood, will most probably in adulthood displelgarly lower caries experience than
the adults of this study sample. Therefore, alorigp ithe demographic change the
demand for prosthetic and restorative dentistry eecline in the long run with caries
being still prevalent, but more polarized accordimghe socio-economic status.

Still, further research is needed to prove thedption model in daily practice
as well as in other populations, in order to comoser to the aim of a successful caries

prediction.
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7 Summary

The objective of this study was to determine ristlicators predicting high coronal
caries increment in adults (20 - 79 years) livingNiorth-Eastern Germany based on the
longitudinal data obtained from the “Study of Haatl Pomerania - baseline” (SHIP-0)
and the 5-year follow-up (SHIP-1). In children, iear predictors have been well
investigated. Especially, high caries experiencé lamw socio-economic status have
been found to be significantly associated withesarncidence [Twetman and Fontana
2009]. Few cohort studies have been performed uttsdhvestigating long-term caries
predictors. Mostly in adult populations only data short-term studies restricted to
specific age groups (e.g. seniors) or data on gi@di of root caries are available.

In this 5-year longitudinal caries incidence stualypopulation-based study
sample stratified according to age and gender wkted at random from the study
region in North-East Germany. The response in SHWas 68.8 % leaving 4,308
participants in the baseline examination (1997 0120 The response in the 5-year
follow-up SHIP-1 (2002 - 2006) was 76.6 % leavin8@® subjects in the cohort study.
After excluding participants with missing oral dag@entulous, subjects with a baseline
DMFS > 55 or older than 79 years, 2,565 participamere included for statistical
analyses.

The data collection consisted of four parts: orahlth examination, medical
examination, computer-aided interview and a seffiadstrated questionnaire. The oral
health examination was conducted according to WHt@r@a [1997] by eight licensed
dentists. In caries diagnostics Cohen’s kappahbiitia coefficients of 0.9 - 1.0 (intra-
examiner) and 0.93 - 0.96 (inter-examiner) werdeadd in the final quality control.
The DMFS was obtained and presented in a half-madettign, as no statistically
relevant right-left difference was found in thegpiphase. The caries increment was
adjusted according to Beck et al. [1995] and thgh htaries increment group was
defined as the participants with 9 surfaces of caries increment in the half-mouth
design in a time period of 5 years and led to aigrsize of 11.4 %. Descriptive and
analytic statistics (binary logistic regression)revgperformed using the programme
PASW Statistics 18 with the support of a profesaionathematician of the University
of Greifswald. A drop-out analysis was carried antd revealed that drop-outs were
significantly older, had a lower school educatiamere more frequently current

smokers, but had a better self-perception of tieeith.
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The majority of the study-population (76 %) hadiesrincidence during this 5-year
period. Moreover, caries increment showed a padridistribution, as the high caries
increment groupX> 9 surfaces in half-mouth, 11.4 % of the samplehmaesed 40 % of
the total number of newly carious, filled or miggisurfaces. The variables male
gender, age 40 years, lower school education or lower incoouerent smoking, pain-
associated dental visit, baseline caries experieancea non-satisfying self-perception
of teeth showed a statistically significant longatanfluence on high caries increment.
Baseline caries experience was also significantijdr in the high caries increment
group. Whereas, no variable associated with pentadalisease nor diabetes, nor self-
reported problems with alcohol, nor the type of ro@dnsurance (state or private), nor
being a club member was found to have statisticfpificant influence on the mean
caries increment. The simple prediction model (gendge, income) made only a poor
prediction possible (AUC = 0.675), whereas thelfgender-adjusted model including
all significantly associated variables allowed athg a fair to good prediction on an
epidemiological level for men (AUC = 0.750). Thettars smoking, school education
and pain-associated visit had gender-dependentiaisas, which means, that they
only had a significant impact on the prediction logh caries increment in men.
Probably, less educated women or female smokdihat a higher drive for health
and aesthetics as they live in the socio-culturalirenment of our Western world.
More so, the odd ratios (OR) for being in the highow caries increment group ranged
between 1.5 and 2 for the following dichotomougalales: pain-associated dental visit,
gender, school education, smoking, self-percepifdeeth.

In conclusion, caries incidence remains a relechatlenge in German adults.
The prediction of high caries increment using threspnted prediction model is
possible on a fair to good level when applied orepidemiological level. Furthermore,
the prediction via socio-economic and medical fexctappears to be a promising
approach as they showed a long-term influence ediféh style. Still, the combination
of the mostly gender-dependent factors did notipt@aries incidence on an individual
level. Especially, considering that generally hagries prevalence and increment was
found in this study sample, population-based, prave strategies for adults should be
implemented before risk-specific approaches are&l.uBarther drastic caries decline
and a more polarized distribution are very likedyotcur in future adult generations in

Germany.
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AIDS: Acquired Immune Deficiency Syndrome

ANOVA: analysis of variance

AUC: The Area under Curve summarizes the findings ofREC by presenting the
probability that a classifier will rank a randondilosen positive instance higher than a
randomly chosen negative. It can rank between 1@d5Sla

BMI: body mass index

BOP: bleeding on probing

CAL: clinical attachment loss

CCI: crude caries increment

Cl: confidence interval (95 %)

CMR: Community Medicine Research net

Decrement: decrease of the disease in the population

dmfs/t: decayed missing filled surfaces/teeth in the demidwdentition

DMFS: decayed missing filled surfaces — measuremenaiés experience, excluding
wisdom teeth and teeth extracted for another redsomncaries

DMFT: decayed missing filled teeth — measurement ofesagixperience, excluding
wisdom teeth and teeth extracted for another retsoncaries

DS: decayed surfaces

DT: decayed teeth

DMS: Deutsche Mundgesundheitsstudie (German Oral HEalthey)

e.g.:for example [exempli gratia]

FS: filled surfaces

FT: filled teeth

GDR: German Democratic Republic

HbAlc: Glycated haemoglobin — used to identify the avergigsma glucose
concentration over prolonged periods of time

HIV: human immunodeficiency virus

IgA: immunoglobulin A

IgG: immunoglobulin G

Incidence: amount of people who got the disease in a periditne

Increment: increase of the disease within a time period

IP: individual prophylaxis for children in dental pregts in Germany
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LR: Likelihood ratios are used for assessing theevaluperforming a diagnostic test.
They use the sensitivity and specificity of thet tes determine whether a test result
usefully changes the probability that a conditics#dse exists.

MS: missing surfaces

MT: missing teeth

M-V: Mecklenburg-Vorpommern

N: number of participants

NCI: net caries increment

NSAOH: National Survey of Adult Oral Health (in Austrglia

OR: The odds ratio describes the strength of assonidtetween two binary variables.
An OR of 1.0 means no association, a higher ORgasesk, a lower OR is protective.
Prevalence:amount of people with the disease in the total faimn

Predictor: a factor associated with the increment of the dis€bongitudinal study)
PSU: primary sampling units

RCI: root caries index

RDFS: root decayed filled surfaces

Risk factor: a factor associated with the disease in a crosmaatstudy

ROC: The Receiver Operating Characteristic (ROC-cun&iats the true positive
rate vs. the false positive rate for a binary d¢fesssystem. It was chosen to evaluate
the strength of the prediction.

RR: relative risk

SD: standard deviation

Sensitivity: the percentage of sick people who are correctytifled as sick

SHIP-0: Study of Health in Pomerania - baseline

SHIP-1: Study of Health in Pomerania - 5-year follow-up

SiC: Significant caries index — The mean DMFT of thes ahird of the study group
with the highest caries score. The index is used esmplement to the mean DMFT
value in order to describe the polarisation ofe&sri

Sig.: significance

Specificity: the percentage of healthy people who are corrabtiytified as healthy

SD: standard deviation

Vs: versus

WHO: World Health Organization
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