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Abstract:

The high prevalence of oral diseases and the persistent nature of socioeconomidiesequali

in oral health outcomes across societies presents a significant challenge for public health
globally. Ardebate exists in epidemiology on the merits of investiggipulation variations

in health andvits determinants over studying individual health and its individudaciss.

The choice,oftanalytical unit for health outcomes at the population level has policy
implications and consequences for the causal utadelisg of populatiotlevel variations in
health/disease:"There is a lack of discussion in oral epidemiology on thencelevh
studying population variations in oral health. Evidence on the role of societaisfant
shaping variations in oral healthkath the individualevel, and the populatielevel, is also
mounting. “Multilevel studies are increasingly applied in social epidemiologyddoess
hypotheses generated at different levels of social organization, but the opporturetied off

by multilevel"approaches are less applied for studying determinants of oral health at the
societal level. Multilevel studies are complex as they aim to examine hypotheses generated at
multiple levels of sociabrganizationand require attention to a range of theaadtiand
methodolagical 'aspects from the stage of design to analysis and interpretdtisn. T
discussion. paper aims to highlight the value in studying population variations in dthal hea

It discusses “the opportunities provided by multilevel approaches to study societal
determinantsw0f; oral health. Finally, it reviews the key methodological aspects related to

operationalizingnultilevel studies of societal determinants of oral health.
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I ntroduction

Oral diseases affect half of the global populatidintreated dental caries remains as the
most prevalent nemommunicable disease wondde,! despite some success in reducing
childhood rdental caries in highcome countries during the latter part of the twentieth
century® Persistent socioeconomic inequalities in oral health outcomes within and between
societies are.also. highlightddCollectively, the two issues reflect limited or inadequate
policy responses at both global and local levels. High levels of disease and ineqoaiités i
health persist'because current prevention methods that are based mainly on the Biomedica
approach land focus on changing individual behaviour. These approaches tend to result in
only short terms improvements for certain patients but do not address the underlyirsy cause
of diseased.* Evidencebased actions at the population level are necessary to reduce the
enormous burden of oral diseases and counter the persistent socioecomrguadities in

oral health"outcomes.

Majority ofsoral _epidemiologic studies investigate only individual variationsrah leealth

and its individual determinants notwithstanding the current challenges in population oral
health® * Studies that examine iiddual-variations in oral health within populations and its
determinants tend to examine biolobietavioraleffects>” The underlying biomedical and
individual-based approach of such epidemiological investigatisra key limitatiorasthey

do not addess the underlying causes of diseadadividual-basedapproacks neglect
populationyvariations in oral health and its societal risks. Alternatively, stafiigspulation
variations in_health are fundamental if the goal is to ascertain the determihpofutation
health® These investigations are directed to study populdével variations in oral health

and its determinants, also called as ecologic effegtsdies of population variations aral

health arealso. critical to understanding systematic differences due to which oral health
inequalitiessmirror the social inequalities present within societtfeBmely discussion of the
theoretical rationale for investigating population variations &l bealth is essentiah the

light of current'challenges.

Multilevelstudies are progressively applied in the discipline of social eypeiegy and in

oral healtif The foundation of a multilevel approach lies in the inexorable dependency of
individual's health on the surrounding social and physical environment. Social contexts and
their characteristics are integral determinants of variations in health outcomes both within
populations and between populatiorSocietal patterns of oral diseases represeat th
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biological consequences of living and working conditions differentially afforded to social
groups as a product of economic and political priorities of socfeti&sThese priorities vary
across different levels of administrative and political bouledaranging from global and
national, to small areas like neighbourhoods, local areas, municipalities, npagoa
fundamental=role in the distribution and access to oral health promoting/riskssfa
Multilevel studies pay equal attention to both irgtenand ultimate causes of health without
discounting that ifdividual health and its individual risk factors do not function in isofation.
Hence, the opportunities and challenges offered in multilevel approaches for a better

understanding,of the role obaetal determinants of oral healtbedto be highlighted.

Testing hypotheses at multiple levels of social organization using multitendés, although
very useful, /are compleX. These complexities arise due to the mutual interactions and
interdependecies between individudével and societaevel factors related to health.
Methodological< experts in epidemiology, particularly social epidemiologists,e hav
highlighted some challenges (relevant groups/levels, lag times, fallesr@sunding among
othes) in the"light of general health outcont&$> Oral healthconditionsprovide unique
opportunities: to, study social inequalities in heditiThe aetiological factors for two
commonly prevalent oral diseases (dental caries and periodontal disease) include a complex
mix of biolegical, environmental, and social influené®dviany highincome countries
continuesto _exclude dental heatthre from their universal health coverage policies leaving
the responsibility on individuals to cover and manage dentaherg€ Collectively, social
determinants across different levels of social organization may systematically determine the
magnitudegoftoral health inequalities both within and between societies. Consequently
general health<and oral healdonditions oftendiffer in strength andthe type of their
relationship with social determinants when examined simultaneoushin the same
context ™ ¥ Eor example, socialnequalities in oral health were found to be more
pronounced thathose ingeneral healtin Canadd® A stronger association between income
inequality and dentition status (presence of teeth) than between income igeapucdisel

rated health was reported in JapaAccordingly, multilevel studies on societal determinants

of oral conditiongan benefit from attention to theoretical andthodological considerations

some of which may uniquely apply to oral conditions.

In the light of the public health challenges presented in oral health at the populatipthlsvel

paper aims to:

This article is protected by copyright. All rights reserved



65
66
67
68
69
70
71

72

73
74
75
76
77
78
79
80
81
82
83
84
85
86

87
88
89

90
91
92
93

i) present lteoretical and pragmatic reasons to considdratancing the weight of
studies on individualevel variations in oral health towards studies on populdéoel
variations in oral health,

i) discuss the contribution of multilevel studies to generate vaaldience on societal
determinants of oral health and understanding population variations in oral health, and,
iii) review methodological aspects relevantiteapplication of multilevel studies in oral
health'

The case for more studies on population variationsin oral health and its deter minants

Geoffrey Rose’s seminal work in ‘The Strategies of Preventive Medicine’ stressed the
distinction oetween the risks for individual variations in health, and, the risks for populati
variations ihthealth’ Rose’s theorem’ or the ‘prevention paradox’ states that “a large number

of people exposed to a small risk may generate more cases than a small number exposed to a
high risk”. Therefore, when everyone is exposed to the risk within a population, it is not
possible ta measure the effect of the exposure without reference to a population that has a
different level of exposure. Building on this, Rose established that the dwetmiof
variations'in health between populations differ from the determinants iafigas in health

within the=populatiorf’® This is a key argument for studying population variations in health
and its determinants. Differences in the magnitude of the influence of determinants of caries
rates among“children within and between Austraia Vietnam is one example of
operationalizatiorof Rose’s theorem in oral epidemiologithe study reported that while
individual “secial position was relevant for individual risk, coudéyel economic

developmént and social inequality were more relevant for populatioh risk.

Another epidemiologist, McMicha&lraised a relevant question that further underscores a
key argument for conceptualizing and studying health outcomes at a population level that is
relevant to oral health:

“Are we, merely distingwhing between upstream social contexts and their downstream
proximate manifestations? Or is there a category of risk factor that, in some collective way,
influences the health of the population at large via processes that have no diresttekmw

manifesation?”
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Evidence summarised below from the oral health literature reinforces the need to pursue this

line of enquiry.

Growing evidence on the independent contribution of contexts in shaping oral health: A
systemati¢revié\¥> and a scoping reviefV, have separately confirmed poor oral health
outcomes o be, associated wldss favourable contextual socioeconomic variables (high
arealevel social‘inequality, high ardavel deprivation, low social capital, and, low access to
dental healthcareocioeconomiénequalities in oral health outcomes according to contexts
are expressed_spatially based on the variations inl@rehsocial, political, and economic
characteristics. /Therefore, populati@vel variations in oral health outcomes can finely

capture thespopulation-level impact of contextual societal disadvantage.

Population=variations in oral health reveal underlying societal determinants. Investigating
patterns of«variation in oral health between populations is important in risrigit. The
observed ppulationievel variations are important to understand the significance of specific
contexts for oral health outcom®&sOtherwise, similar individuals may have differences in
their health dependent on where they live because of differing cultural, ecorpmiiiical,
geographic, climatic and historical conteXtsThe more homogenous the oral health of
individuals within a population, the higher the probability that determinants of oréh laeal
directly related to the contextual environment or the fadjmn characteristics. Interventions

in this case needs to be directed to contexts rather than indivilitgiem an equity
perspective, populatiewariations in health outcomes, that agstematic, socially produced
and unfairg“are, highly relevafit. These inequities result from systematic differences in
exposure toshealth risks and protective factors as well as to treatment services, based on
social positiorf® Therefore, the observation of population variations in oral health between

societies reflestthe need to understand the differences in characteristics of these societies.

Socio-political and multilevel nature of oral health determinants: Individualdevel risk factors

for most prevalent oral conditions include high sugar consumption, tobacco use, lack of
access to'fluoride, high levels of stress, lack of oral hygiendaaodablepattern of dental
visiting 2%3* Theudistribution of these dividualdevel determinants both within and between
societies can be influenced by societal determinants and policy decisions atemultipl
geographic and administrative levels. Variations in presence and intensity of polic

implementation can also exist ixeten the geographic and administrative levels. Key policy
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determinants that impact distribution of individdevel behavioural risk factors include
federal, state and local level decisions on community water fluorid&tibealth care
arrangements inclugg provision and financing; tobacco control policies including
ratification of Framework Convention of Tobacco Control (FCTC) at the nationaltteitsl
compliance==at* different subational geographic and administrative lev@lstrade
arrangemeénts/ageenents and marketing regulations impacting food demand and stipply;
and availability of local physical and social environments that improvel smhasion and
physical activity’®> Studying population variations in oral health can allow comparisons
betwe@ saocieties and provide key insights about existing policies and the impact on
population:oral/health of different political and administrative arrangemeéntssnational
studies comparing countries with different policies, for example regarding taxditsugar
foods/beveragés or their dental care systems, can contribute significantly in assessing the
potential impact of upstream interventions on oral health. Additionally, natural experiments
at the societal level that compare population oral healtrseare as a useful tool. Natural
experiments applied in oral health context from Brazil and Japan have improved tim¢ curre
understanding-0the effectiveness of water fluoridation in reducing dental caries among

adults, andithe.impact of socioeconomic disadvantage on tootfI35s.

Explanatory potential of individual-level studies for population oral health: Most
epidemiologicalkstudies report measures of individual relative risk (odds ratio (OR), risk ratio
(RR) rather than the population attributabikk (PAR)*® PAR describes how much of the
condition withinsthe population can be attributed to a particular risk factor, wigleigk

ratio (RR)nforms the change in risk of an outcome among exposed individuals compared to
unexposed-individuals. Evenith larger and statistically significant levels of RR, the PAR
can be smaller and insignificant from a public health perspective, if the expesoat
widespread: Alternatively, a low RR can accompany a high PAR when an exposure occurs
frequently in the population. The study By 2 on the differences between caries rates among
Viethamese and Australian children foumuRR of 1.24 for dental caries among Viethamese
children who.did not start brushing with toothpaste before three years of agRRTfar
Australianschildren was similar with a value of 1.27. However, the Population Asibileut
Fraction (PAF- the proportion of the disease in the population attributable to a factor of
interest) for Vietnamese children by introducing brushing with toothpaste hbt@ge of
three years was 18% compared to only 3% for Australian children for the prevention of

caries. Lack breporting of PAR along with measures of association in studies of individual
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level outcomes limits the knowledge of the preventive capacity of interventions for

population oral health.

Individualdevel risk factors for oral diseases often do not vary enough within populations to
permit quantification of their probability to increase risk at an individual [8V&IThis issue
further limits'the value of individudevel studies in generating evidence for populatevel
prevention,.even.when PAR is refea. For instance, the WHO recommends that free sugars
intake should be restricted to less than 10% of total energy. A conditional reconiorenda
for further*health benefits particularly with regard to dental caries includes restrictios to les
than 5% oftotal energy?** This recommendation is exceedadmost countries. A review of
data on sugar.intake from national surveys from Australia, Denmark, Ireland, Norwaypand U
showed that at‘a population level none of these countries met the recommend&fon of
limit.*® Furthéffiore, evidence from Australia demonstrates the prevalence of exceeding the
recommendations is high (52% for the 10% recommendation and 89% for the 5%
recommendation¥ Therefore, there may not be enough variation in the exposure ithin
population to the effects on dental caries to be determined. Ecological studies, wHjch st
betweenrpagpulation, rather than withipopulation variation in caries according to sugar
availability, report larger variations in caries status according tarsagailability when
compared toindividudevel studied”® In cases where the individual risk factors do not vary
within populatiens, evidence on population variations in oral health are likely toobe
informative in making public health decisions.

Informing strategies for prevention for oral diseases: During the second half of the "1&nd

first half of 20™century, there was a shift in epidemiology away from studying societal
causes of diseases and a move towards the individual and microbial ‘Calfsesd is
identified (as an epistemological revolution in understanding the causes of dféeases.
Different approaches to disease causality have important political and medical implications as
they mean_a different locus of responsibility for preventd diseases. A causal focus on
microbial factors confers responsibility of prevention to health professjomalvidual
behaviours ordlifestyle factors implies a personal responsibility for disease contiel,avhi
socicenvirenmental causal model pé&scresponsibility on authorities and general society for
the prevention of disease and reduction of expdSuRrevention strategies for non
communicable diseases including oral diseases often duffer a similar individually
focussed approach by promoting change in individuaHestors. The populationbased

strategy, the highisk strategy and the directed population strategy are the three types of
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strategies applied towards prevention of oral diseases and promoting oral health. The
populationbased strategy for prevention starts with the recognition that the occurrence of
common diseases and exposures reflectsbét@viorand circumstances of society as a
whole*! Alternatively, the higkrisk straegy targets individuals identified as having an
elevated-riskof'some adverse health outc6miehe directed population strategy is a version

of the population strategy but it is directed more towards vulnerable groups based on thei
social circumstances rather than elevated levels of%iék The studies on the causes of
individual wariations in oral diseasgeneratesvidence that may provide limited support to
whole population approach for prevention. For instance, Holst and colleagues have reported
that the occurrence of a carious lesion in individuals and the occurrence of caries in
populations’ have different causal candidates and patterns. This exemp#fidsstinction
between thé causes of cases and the causes of incidence in a popfufatiodividual{evel
approaches have remained as the dominant paradigm in understanding the production and
prevention of oral diseas&s?This approach is consistent with the ‘higék strategy®® and

has evolved from both the biomedical nature of dentistry and an individual ‘risk famtas f

from clinicalworal epidemiology. The limitation of a ‘highkrisk strategy’ in reducing
variations in population levels of oral health is well established within the litefatdfhis
approach does not acknowledge the growing understanding of the multilevel natuaétof he
determinants.and societal determinants in shaping the distribution of oral Heafth®
Therefore, dominance of individual based approaches shifts attention from umgderly
societal deteninants of health and encourages individual responsibility to maintain oral

health rather improving environments to promote oral hé&lth.

Advancing themultilevel study approach

An ecological design within epidemiology seeks to understand how contedsta health

of groups sthroligh selection, distribution, interaction, adaption and other responses.
Multilevel studies investigate both groups and individuals as the unit of analysis. It gdws
simultaneous investigation of betwegroup and withirgroup variability in individualevel
outcomes®Therefore, multilevel studies can be applied to examine the associations between
group level anduindividual level variables with individlevel outcomes. Additionally, it can

be applied to examine betwegroup and withirgroup variability and the contributions of
groupdevel and individualevel variables to variability at both levelsopulation variations

in health and its determinants
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A key advantage of multilevel study is its potential to address confounding generated fro
variables at alternate levels of social organizations when simultanemaigingvariables

at two or more levels of social organization, multilevel studiéswv addressing. This
advantage of multilevel studidgasbeen widely exploited in studies of afleael income
inequality»and=health outcom&sEarly ecological studies on arkvel income inequality
and population health using sindével regression models have been criticized in the past. It
is debated that the observed associations betweetieastancome inequality and average
health status at the population level in ecological studies were due to the effetvidual
income on.individual hetdl (compositional effect) rather than a true effect of income
inequality®. Multilevel studies offer the opportunity to separate the contextualtedfiec
income inequality on individual health from the compositional effect of individuamedoy
allowing to ‘adjdst for individual income within the same regres3iofiowever, ecological
studies analyzecpopulation risk according to ardavel income inequality, while the
multilevel studies assessed individual risk according to-lakes income inequality* The
populationtevel aspect of health outcome in multilevel studies is studied through
investigating.theé share of individukgvel variation in health outcomes thexist at the

population level through decomposition of variariée.

Methodologieal expés argue that multilevel modelling has not been used to its potential to
answer qquestions on populatitavel variations in health status and its determinants in the
field of social epidemiology’ °**®> Studies have mostly focussed on average assogation
between individual and societal determinants, and health outcomes, ignoring a thorough
analysis of*heterogeneity around average associations examined through the variance
estimates ‘obtained from multilevel studiédhe variance component informs to wieatent
individuals within a group are correlated with one another in relation tchhd@le extent of
clustering has value in the context of ideas about considering interventions on places instead
of people®® One application of this logic is identified a study where multilevel modelling

is utilized to identify appropriate geographic levels for policy interverfficBeographic

levels at which.the observed variations in outcomes are larger, there may be greater potential
for policy. intervention to hay an impact on the outcomes of interest, compared with
targeting policy at levels with relatively smaller variati6hsultilevel studies also provide a

suite of measures based on average association between societal exposures and individual
health outcomes (OR, RR), and measures of variation in individual health (viaaaces

decomposition at the population level (variance partition coefficients (VPCsxclass
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correlation coefficient (ICC) for continuous outcomes and median odds ratio (MDR)
binary outcomes), that can be applied to understand societal causes of population sariation
in oral health. Two additional measures: 80% Interval Odds Ratio (IOR) and trRyopuir

Odds Ratio in Opposite Direction (POOR), can be quantified by combinmgrgssion
coefficients==obtained from averaged associations between societal determinants and
individual oral health and the variance attributed to the contextual level. The @msumrase
estimate the heterogeneity in the associations between societal espasar individual
health outcomes among contexts/population grétipdeasures of variation in individual
health and..its,decomposition are critical for inferences on populleieh variations in
health.In addition to ICC, measures of discriminatory aecy such as Area Under Curve
(AUC) can"be applied to understand the independent contribution of societal context in
general, and "of specific societal exposure, in determining oral health outchmes.
Collectively, these measures can be exploited to peoaithorough and realistic assessment

of the relationship between societal determinants and oral health within the same dataset.

Predominantly, "multilevel studies on societal determinants of oral health are of two kinds.
Some studies have simultaneouslyamined the role of multiple societal determinants
(Human Development, access to fluoridated tap water, oral health coverage, and income
inequality) and,oral health outcome/s consistent with a more exploratory appraaglihesi
social detéfminant framewaf”® Others have tested specific associations between one
societal determinant (for example aretevel income inequality, neighbourhood
deprivation}> "®”® and oral health outcome/s consistent with a causal approach. The
dominancesofiprobabilistic ksfactor epidemiology has limited the use of midirel models

to examineybetweegroup and withirgroup variability through quantification of variance
and its de¢omposition at different levels of social organizaffbfiThe understanding of the
socid determinantsoral healthcan substantially benefit from the application of multilevel
models by examining betwegmoup variability in individualevel oral health outcomes as a

method to study population-level variations in oral health.

Methodological aspects relevant to application of multilevel approaches within oral
health

Methodological considerations related to multilevel studies relevant to oitdl heacollated

from the general health literature and discussed below under logical headingevéy
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possible, published or hypothetical examples from oral health are used to illus&iate t

relevance.
Types of cross-level associations and arising fallacies

The simultaneous assessment of associations between societal and individual factors and
individual ‘health outcomes in multilevel studies has led to investigations of three main
different, types.of association3A societal exposure can potentially impact oral health at an
individual level through direct crodevel association, indirect crossvel association, and
crossleveleffect modification. A direct crodevel association occurs when a societal factor
has a directiimpact on the individual oral health outcome. For example, a person living in a
area with community water fluoridation (exposed to fluoride) has lower risk ofl dxamias,

than a person.in,neituoridated ared? Indirect crosdevel association occurs when a societal
factor results_in a change in individilalel exposure, which consequently, increases or
decreasessrisk*of diase at an individual level. For instance, the presence of school policies
on the availability of sugaisweetened beverages (SSBs) can discourage individual
consumption, of .during the day, therefore, reduce the risk of dental €aFiemlly, cross

level effect modification occurs when a societal factor modifies the association between an
individual“level factor and individual health outcome. Some evidence exists tosstigae

the assoeiations between individual social position and oral heatthaccoding to the
welfare typology> “®in line with the crosdevel effect modification. Clarity on these
pathways ‘when generating hypothesis is critical as the findings have consequerees of t

choice of paliey.intervention points for improving oral health.

Several fallacies are produced in a situation when the hypothesis generated in both
conventional ecological studies and multilevel studies are not theoretically aligned with the
potential mechanisms of hosocietalfactors can impact oral health. These fallacies are
called ecological, atomistic, sociologistic, and psychologistic, and are widelyssist in
general healtheliteraturg. ’” Each of these fallacies are described along with a suitable

published.or'hypothetical example in Table 1.
Ecological variables: classification and constructs
Ecological variables represent grelewel properties, including societal factors, which are

relevant to oral health. Depending on their measurement or the construct rthég ai
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317 capture, ecological variables have been classified in several ways within the literature.
318 Classification of ecological variables reveals its degree and nature of dependency on
319 individualdevel factors. For instance, ecological variables can be integral or d&rived.
320 Integral ecological varidés are only group characteristics, and cannot be measured at an
321 individual-level;for example community water fluoridation and air pollution. Conversely,
322 derived ecological variables present as a mathematical summary of individual
323 characteristics” Within agroup®® for example percentage of children with sugar
324  consumption above the World Health Organization recommendation, cleaetanean

325 income. Howeyver, derived ecological variables may or may not have their iradiledal

326 analogue."\While arel@vel mean income has an individual income as its individual
327 equivalenty"areevel income inequality is solely a group property and does not have an
328 individual equivalent.

329 Based on the constructs they capture; ecological variables can be categorized as:

330 I. aggregte/ contextual/ analytical,
331 il. contagion,
332 il envirenmental,

333 iv. structural, and

334 V. global/integral.

335 The descriptionsof these categories of ecological variables along with suitable exemples
336 presented in Table 2. Clarifying the constructs that the ecological variable of interest aims to
337 capture hassimplications on measurement issues and analytical approaches. For instance,
338 global variables\such as legislations and policies are likely to dawere diffused effect

339 among populations rather than leading to an instant biological dretiavioural impact on

340 ‘high-risk’ f(individuals. In such cases ecologic inferences about effects on group rates o

341  populationlevel variations may be more relevaman individual risk4®
342 Meaningful population groups, scale, and unique characteristics

343  Specifyingsmeaningful boundaries and identifying groups of interest for the ecologicaf unit
344 interest is core.to any multilevel stutfy.”® Despite the use of ‘pofation’ across many
345 disciplines analysing population datdor example, epidemiology, demography, sociology,
346  ecology, population biology and population genetics, statistingd biostatistics, it is rarely
347 defined, except in abstrastatistical term$® Various criteria can be applied to define

348 population groups of interest. For instance, the boundaries of a ‘neighbourhood’ can be
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defined based on historical or geographic criteria, the perception of thentssadethe
administrative boundaries used for policy delivery. Moreover, ‘neighbourhood’,
‘community’, and ‘area’ are often used loosely within the health literature to identify an
individual’s immediate residential environment, and the three terms are not explicitly defined
or distinguished® The poplation-level effectiveness of public policies such as community
water fluoridation in reducing dental caries are more consistent with administratively defined
boundarieS, compared to interventions to improve opportunities for social interactions.
Creatingopportunities for social interaction in a community is likely dependent on what an
individual perceives as the boundary for a community rather than the admwegrdefined

limits. Recently, it was highlighted that a “residential” effect fallacy bigiste in most
studies of” neighbourhood and health studies that ignorantly captureesidantial
environment effects, leading to overestimation of residential intervention effébimse
non+esidential environment effects may be due to schools or workplaces depending on the

health outcome, population density, and individual mobfifty.

The selection of spatial scale for testing associations between ecological factors and health
outcomes| is' both an important theoretical and methodological aspestt. tRe& societal
processes..thaproduce health may vary by geographic scileSecond, groufevel
characteristics®do not occur randomly and are based on the social and political itattext
influence thesescharacteristics. The spatial scale of assedsasen¢en used consistently as

one of the most important explanations for the lack of association income inegunalit
general healthsoutcomes at a sutiional and/or small area lev&.Studies have examined
associations between income inequality aedlth outcome at different levels of aggregation
within the ‘same country and found significant variatin$he lack of association at a
smaller level of geographic aggregation and the presence at the larger is attributed to the
inability of income inequ#y as an exposure to reflect the social stratification within a
society at_a_small area lev&f. Medical geographers have also recognized the ‘modifiable
areal unit problem (MAUP)’ and ‘uncertain geographic context problem (UGCoR¢lea

to be considered when selecting the relevant spatial SEEl&MAUP relates to the fact that
societal exposures vary based on the definition of the geographic scale selected as well as
zonation areas even when one scale is selétt@dnsequently, there is a possibility of
spatial misclassification of exposure, and the likelihood of a spurious associdtieeie
arealevel factors and oral health outcom®: 2¢ Consistent with MAUP, exposure

misclassification based on the selection of neighbourhood definition has been appiric
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shown for the exposure of youths’ access to tobacco retailers in £3tUGLC P identifies

two sources of contextual uncertainty. These sources include spatial configuration of
geographically defined contexts and the timing and duration of exposure to those &4ntexts.
8 However, the role of spatial aggregation and individual mobility has not beenirmealt

multilevel'studies of oral health.

Explicit definitions.of ecological factors are crucial when generating hypetbassocietal
determinants of health. This applies also to the clarity on levels (societal or individual) at
which ecological factors are measured. The level of measurement has consequences on
theoretical pathways through which they impact oral health outcomes. Diksranc
definitions _of .eoncepts might exist according to levéler instance, there is a lack of
corsensus.on the meaning and definition of social caflitack of clarity on the definition
makes theoperationalizatiorof social capital in epidemiological investigations challenging.
Social capital“is a contextual construet societal property. Howevesocial capital is often
measured at a societal level through deriving aggregates of individualspt@mnseof
reciprocity, trust, and, engagements in civic activities. Social interactions among residents are
rarely captured at the contextual le¥®Individual perceptions of contextual social capital
may potentially.vary within the same context. Therefore, relying on aggregated rseaisure
social capital“that are unadjusted for individigalel variations in perceptions can lead to
potential miselassitation. This complexity inhe measurement of social capital reflects the
need forthe explicit meaning of ecological measurestla contextual level. Additionally,
recognizingthexdiversity of multiple mediating pathways (social capital or-meterial
factors) foreach and every oral health outcome and, at both individual and populatisn level
can be helpful’in a better understanding of causal relations and potential interv&ntions
While social capital explained the association between income ingyqaalil sekrated

health in Japanese adults, it did not explain their dentition status.

Most multilevel'studies are a secondary analysis of already collected dsiseqDently,
researchers may be forced to use imperfect proxies for measuring grdumfestaucts. This
provides limited information and can further make inferences drawn from suchisnalys
inaccuraté Caution is required particularly in identifying appropriate population groups,
spatial scales and differentiating between the unique grepeof ecological factors in

interest.
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Role of lag times

Failure torecognizeand account for lag time between an ecological exposure and individual
health outcome is a form of misclassification bias. The role of lag times between exposure
and outcome & been paid less attention than other challenges in multilevel studies.
Usually, multilevel studies are conducted using cresstional data where the distinction
between current.and past exposures cannot be made. Societal factors areyriotHietan
instantaneous effect on individual health, and therefore establishingpappe lag period
between the“exposure and specific oral health outcome is necessary particularly when the
exposurds not stable over tim&, The lack of association between a societal exposure and an
oral health_outcome due to the inappropriate definition of lag times can be nmgleedi
associations’ may be present when appropriate lag times are considered. Therefore,
assessment of lag time is critical before dismissing the evidence on the impact of societal
determinants‘on oral health based on findings where the exposurestahtzand exposure

and outcome are measured simultaneously.
Current challenges and limitations with multilevel statistical modelling

Multilevel_models are still evolving. Issues such as appropriate sample size, methods for
selecting and«reporting appropriate measures of interest, and the reportiagnafstic tests
within multilevel studies are yet to be resoltétilodel diagnostics are also seldom reported
within studies:* Assumptions of multilevel modelling regarding the hierarchical units being
independent of each other are also rarely met. A lack of reporting of measureaatajrvar

individual health and itdecomposition is also identified within the literatfite.

A more conceptual issue relevant to oral health needs further examinatiwapplication

of multilevel models in studying population variations in oral health. Comparedneraje
health outcmes_like mortality and health that are captured widely in census data and
registration data, for oral health information data is obtained from oral health surveys that are
not designed.with a primary purpose to make inferences at smaller geographiess and a
underpowered for this purpose. This limits the examination of average associatioesnbetw

an aredevel societal determinant (ar&avel income inequality, ardavel deprivation) and
population oral health (rates of dental caries, rates of oral gaactamall area level in
multilevel studies. This restricts the assessment of theoretical pathways proposed to explain

populationlevel variations in health/disease rates according to societal determinant when
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applied to explaining individudével variatons in oral health/disease. Some of the mediating
pathways operate more strongly at an environmental level (legislation, policies capdal,

access to health services) while others at the individual level (stress, health behaviour,
utilization of he#th services). Therefore, theoretical pathways need to be proposed and
defended- based on the level at which each oral health outcome is analysed. Potential
differences in strengths of associations at the population level (populak®nans at the
individual level (individual risk), may also demand separate prevention strategies and policy
responsedt The extent to which studying population variations in oral health in multilevel
studies through analysing variance share at population level informs tikespolicy-

relevant issues.needs further assessment.

Power and,sample size calculations for multilevel hypotheses are complex as power depends
both ona itimbér of groups as well as the number of individuals per dfaDalculation of

sample size‘in‘multilevel studies is dependent on the level at which inferences are to be made.
When these are at the group level, there should be a sufficient number of groupthaather
individuals. But, when the inference is to be made at the individual level, thesuffitient

number of groups and individuals are required. Often multilevel studiesalenged due to

the small_size of groups. Simulation studies have shown that multilevel modéaldange
numbers of groups (more than 459 groups) even with smaller group sizes remain sthble, a
neither fixedsorrandom components are affected due to group’sBiese most multilevel

studies on societal determinants of oral health use secondary data, Monte Gddbasirof

the malel should be applied to estimation phst power and for sample size calculafidn.

Most multilevel'studies analyse cressctional data where the temporal sequence between
exposure andoutcomes cannot be established. Multilevel studies on longidadiasaits can

help resolve this issue as temporal sequence between the societal exposure and oral health
outcomes can be established. However, multilevel statistical modeslimginly applied in
longitudinal data to manage data imbalances due to loss to follow up, rather thamitteexa

associations between societal determinants and oral health outcomes.
Final remarks

The challenges currently posed in population oral health highlight the need for more
population focussed research and the use of ecolagjiedies in the field or dental public
health. The value in studying populatigariations in oral health and its determinants has a

rationale embedded in theory and is fundamental for policy assistance. Thigkei
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contribute towards a better understanding of how exposures that affect all individwzal
population contribute to their oral health. There is a need for balancing the ve¢ight
individualdevel studies with studies of population variations and societal detersyimanto

replace the idividual-level studies, but to complement them.

Ecological sstudies offer an opportunity to study average associations betweetal soc
determinants.and.populatidevel variations in oral health, but cannot account for potential
confouridifig iftfoduced byattors from alternate levels of social organizafiddultilevel
studies using“individual and societal data collectively, overcome this limitation by
simultaneQusly 'examining multiple hypotheses generated at different levels iaf soc
organization. Using multilevel models to quantify the share of indivihvall variation in

oral health,outcomes thakistat a societal levethe contribution of societal and individual
determinants on this share of variaraibows the investigation of populatidevel vaiations

in oral healthrand its determinafits.

Multilevel studies of societal determinants of oral health require careful attention from the
stage of conceptualization to design, analysis and reporting, as highlighted in this paper.
These features are nenique to such studies and form the basis of any scientific entuiry.
addition to'multilevel methods, studies on societal determinants of oral haalteal with
inherent.complexity by exploring methodological approaches from other disciplioksas

social and political sciences including qualitative metho&snally, studies with explicit
theoreticalbase$’ that draw on the strengths of multilevel modelling can provide a more
enhanced understanding of societal determinants of oral health, and consequdntty lea

robust evidence for relevant policy solutions.
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Table 1. Description of fallacies along with suitable examples from oral health

Fallacy Reason Description Example
Ecological Construct and | Associations at ecological level are used | Association between water fluoridation and skeletal
measurement make inferences on the association at an| fracture§* Supportive evidence for the association came
issues individual level due to absence of data at @largely from ecological studies comparing rates of fracture
individual level. The more heterogeneous| between fluoridated and ndluoridatedcommunities.
the population, the higher is the fallacy | However, well designed studies that measured individual
exposure to water fluoridation/fluoride intake and controlled
for different confounders could not find an association
between dentally optimal doses of fluoride and fracture. This
indicaies a case when ecological level associations were [not
held true at the individual level.
Atomistic Construct and | Associations at individual level are used t( Individual income may be negatively associated with toot
measurement | make inferences on the association at an| loss and it is inferred that mean income of an area is
issues ecological level due to absence atalat a | associated positely with population rate of tooth loss.
population level. This fallacy ignores the | However, the mean income may not be associated or
fact that societal factors and population hapositively associated with population rate of tooth loss.
independent characteristics
Sociolagistic | Ignorance of This fallacy is a consequence of ignoring | Effects of fluoride intake on populatidavel differences in
variables from | role of individual level factors in group levetlental caries is determined by testing correlations between
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individual level

associations community-level water fluoridation and community levels
dental cariednterpreting that community water fluoridatio
reduces every residents’ risk of dental caries within such
studies can be prone to sociologistic fallacy as certain su

groups may have preferences of bottled water over tap W

=)

b

ater.

Psycholagistic

Ignorance 6
variables from

population level

This fallacy is a result of ignoring the role | Ignoring the fact that water fluoridation is an environment
ecological level factors in individual level | factor, and its presence may modify the associativwden

associations fluoride intake and dental caries at the individual level.

Table 2./Description of different categories of ecological variables according to their classification and examples

Category

Description Example

Aggregate/contextual/analytical

Aggregatesummary measure of Arealevel mean income
individual characteristics in a group
(similar to derived variables)

Contagian

Aggregates of individual outcomes | Prevalence of dental caries and tooth

loss rates of a group
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Environmental

Physical characteristiagith individual

analogue

Environmental measure: Residential

access to water fluoridation

Individual analogue: Consuming

fluoridated tap water

Structural Patterns of relationship between Social capital, social cohesion, social
individuals of a group inequality as a product of power
relations
Global Attributes belonging to groups and ng Legislations and policies

reduced to individuals
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