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Introduction
Early childhood caries (ECC) is the most common chronic disease 

among children. In fact, it is five times more common than asthma. From 
a physiologic standpoint, the main cariogenic bacteria, Streptoccocus 
mutans (S. mutans), produces acids in the mouth that could lead to 
the early demineralization of dental enamel characteristic of ECC [1]. 
When left untreated, ECC can result in malnutrition, childhood speech 
problems, and low self-esteem. It is also often associated with increased 
risk of diabetes, cardiovascular disease, and premature births. The 
reality remains that conceptual models regarding the development of 
caries focus on only a limited number of contributing variables. Many 
studies have identified gender, ethnicity, and socioeconomic status 
(SES) as additional risk factors for ECC [2]. Therefore, a comprehensive 
model regarding the causes and consequences of ECC is important to 
developing treatment modalities and reducing the prevalence of these 
longer-term complications.

Oral health is subject to both social and behavioral stressors that 
have the capacity to increase the biological risk of developing ECC. 
For example, prevalence is especially high among individuals who lack 
access to dental care, affecting up to 50% of low-income children [3]. 
For this reason, the etiologic model of ECC proposed in this manuscript 
includes an exploration of allostatic load as a potential source of higher 
risk.

Allostasis is described as the active process by which the body makes 
changes to homeostatic parameters in response to daily events and 
stressors [4]. Deviations from these parameters occur as an adaptation 
to stress. The cumulative physiologic toll of these repeated attempts 

at stress adaptation is referred to as allostatic load, which can have 
pathogenic effects on the body’s regulatory systems. The hypothalamic-
pituitary-adrenal (HPA) axis is a major regulatory system that is 
subject to the effects of allostatic load. Exposure to stress activates the 
HPA axis, which in turn leads to elevated levels of glucocorticoids 
[4]. Chronically high levels of these hormones damage tissues and 
potentially give rise to adrenal axis adaptations. By modifying adrenal 
hormone response or function, these adaptations shield the body from 
excessive glucocorticoid exposure. While initially protective, these 
early-life alterations in adrenocorticoid production may compromise 
the ability of the organism to adequately modulate stress later in life. The 
resulting changes in the adrenocorticoid phenotype, often described 
as an increase in HPA axis activity, predisposes infants and young 
children to compromised functioning, homeostatic dysregulation, 
and/or disease throughout their lives [4,5].

The purpose of this paper is to review the scope, usefulness and 
applications of the proposed conceptual model in guiding future 
research of ECC risk as it relates to allostatic load. The proposed 
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Abstract
Objective: Even though many factors have been linked to increased ECC risk, few studies have specifically 

presented this information as a single comprehensive model. The purpose of this paper is to review the scope and 
usefulness of the proposed conceptual model in guiding future research of ECC risk as it relates to allostatic load. 

Methods: The various social, behavioural, and biological risk factors that emerge from the cumulative effects 
of chronic stress, defined as allostatic load, are discussed separately before being incorporated into a single 
sociobiological model of ECC. 

Results: In addition to biological realities, children experience profound impacts from their environments and 
family circumstances. The risk of developing ECC is especially pronounced in socially disadvantaged contexts. 
This information, as it is presented in the proposed conceptual model, reveals unique allostatic factors that work 
to increase risk at the level of the individual child, family, community, and society. Giving clinicians an idea of these 
realities has the capacity to more effectively screen and risk stratify children on the basis of dental health in the hopes 
of ultimately increasing their overall health as well. 

Conclusion: The proposed model provides a conceptual framework that relates factors of allostatic load to 
increased ECC risk. It demonstrates that a population-based, interprofessional collaboration strategy is essential to 
delivering effective prevention and treatment modalities to at-risk children. Future research regarding translational 
strategies has the capacity to reduce the prevalence of the biological, developmental, and psychosocial risk factors 
and thus ECC as a whole.
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sociobiological model of ECC includes, as its primary component, an 
altered responsiveness to physical or socio-behavioral perturbation of 
homeostasis that results from the cumulative effects of chronic stress 
(allostatic load). This altered output may manifest in the form of 
inadequate behavioral response during acute or chronic stress resulting 
in poor oral health and early childhood caries. 

The Possible Role of Allostasis in ECC
Allostasis is the adaptive process by which the body changes the 

levels of one or more regulated parameters in order to adjust to new 
or changing environments. The steady state required for successful 
adaptation is maintained by an extraordinary repertoire of physical 
reactions that attempt to counteract the effects of stressors [6]. As part 
of this homeostatic regulation process, purposeful responses work 
together to defend bodily parameters critical to an individual’s well-
being [7].

However, this process is not entirely foolproof. Maladaptive 
pathophysiology, in the form of allostatic load, can result in vulnerability 
to new disease or exacerbation of existing disease. Allostatic load may 
be due to frequent activation, failure to shut-off allostatic activity after 
stress, or inadequate response of allostatic systems leading to elevated 
activity of other, normally counter-regulated systems due to stress [4].

Conditions leading to allostatic load include (1) repeated exposure 
to multiple novel stressors, (2) prolonged response due to delayed 
shut down (3) inadequate response often leading to compensatory 
hyperactivity of other mediators, and/or (4) lack of adaptation altogether 
[4]. Chronic exposure to these factors has the potential to alter the 
body’s regulatory systems, which in turn increases susceptibility to 
the negative effects of stresses, including food insecurity, domestic 
and neighborhood violence, inadequate housing, and unemployment 
[8,9]. This is especially true in individuals who are at higher risk due to 
genetic predisposition or stressful early-life events as well [4].

Among predisposed individuals, exposure to both biological 
and social stressors early in life, in addition to a possible familial 
contribution, can result in enhancement of the stress response [4]. This 
in turn increases vulnerability to developing early demineralization of 
dental enamel and ultimately ECC. Numerous studies have suggested 
a correlation between the onset or exacerbation of ECC symptoms 
and exposure to SES-related risk factors, such as household education, 
financial situation, salivary cortisol secretion, and number of oral 
cariogenic bacteria [10]. For example, a history of health disparities 
during childhood has shown to contribute to increased likelihood of 
developing ECC. These disparities are also present more frequently in 
patients who already have ECC than in patients with a less prevalent 
form of caries. This in turn appears to be associated with an increased 
risk of developing ECC. 

Data from a recent National Survey for Child Health reported that 
undergoing even one adverse childhood event increases the likelihood 
of having poor  dental  health in adulthood. Additionally, having 
multiple adverse childhood events had a cumulative negative effect 
on the condition of teeth and the presence of dental caries [11]. Risk 
increases more with each additional adverse childhood event.

Life stress 

Early pre- and postnatal experiences have the potential to alter the 
responsiveness of the sympathetic and parasympathetic components 
of the autonomic nervous system (ANS) and hence the HPA axis [4]. 
Studies investigating the effects of prenatal stress have been performed 

in rodents and humans and provide evidence that exposure to social 
stresses during pregnancy has detrimental effects on the pregnancy as 
well as the offspring [12]. 

Research suggests that adverse early-life events, including 
maternal exposure to stress during pregnancy may result in persistent 
changes in physiological systems and behaviors likely via epigenetic 
mechanisms [13]. Prenatal stress experienced by the mother increases 
the production of maternal immune factors (cytokines) and endocrine 
factors (corticotropin-releasing hormone, adrenocorticotropic 
hormone, and cortisol) [14]. Findings support the hypothesis that 
exposure to physical or psychological stress during pregnancy in 
women can adversely affect their offspring as well. Increased level of 
these physiologic factors predispose infants to reduced neurocognitive 
function and developmental delays that manifest in modified regulatory 
systems in the fetus [14]. These changes have the capacity to ultimately 
increase the likelihood of developing ECC.

Biological stressors

The organism’s response to stress is generated by a network 
composed of integrative brain structures [4]. Changes in central stress 
circuits procured by aversive life events or traumatic stress can be seen 
as long-term alterations in frontal-limbic connections that ultimately 
affect feedback to the central nervous system. It is known that certain 
brain structures, including the ralphe nuclei and the locus coeruleus, 
play important roles in modulating the stress response [15]. Further, 
regions of the amygdala are involved in anticipation of negative events. 
Chronic anticipation of negative events leads to allostatic load, known 
as arousal pathology, which is signified by the release of CRF and 
glucocorticoids. 

Physiological stress mediators are associated with both 
adaptation and pathophysiology. Both cortisol and catecholamines 
mediate the adaptation response of many systems of the body to 
acute challenges, while, at the same time, these same mediators also 
participate in pathological changes over long periods of time ranging 
from immunosuppression, hypertension, obesity, atherosclerosis 
and possibly ECC. Stress mediators also vary in their basal secretion 
according to the diurnal rhythm that is coordinated by the light-dark 
cycle and sleep-wake patterns. Perturbations in this pattern are also 
linked to pathophysiological outcomes. Nevertheless, it has been 
shown that the subjective experience of stress does not always predict 
the elevation of the physiological stress mediators, particularly cortisol 
and catecholamines [16].

Genetic and familial predisposition

Vulnerability to stress and disease is influenced not only by early-life 
stress but genetic factors as well [17]. High concordance and heritability 
between monozygotic and dizygotic twins demonstrates a genetic 
component in developing ECC [18]. Furthermore, genomic studies 
have identified genes that confer differences in saliva composition, diet 
preferences, and host immune responses that increase the susceptibility 
to dental enamel demineralization [19]. For this reason, dental caries 
has been shown to aggregate in families.

Familial predisposition may also contribute to the development 
of ECC, with decay being more common in children whose primary 
caretakers are carriers of mutans streptococci. Studies have shown 
that mutans streptococci is transmitted between mother and child 
primarily by vertical transmission and thus is a major risk factor in 
early and future caries ECC with similar bacterial genotypes being 
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common within a family [20]. Whether the familial associations are 
due to exposures in a shared environment, parental culture, awareness 
(health literacy), familial (genetic) factors or whether this liability is 
related to the disorder itself remains to be determined. Furthermore, 
evidence supports a link between caregivers’ health literacy and use 
of oral health services, a reality that ultimately affects their children’s 
health [21]. Together, these data suggest that familial predisposition 
may contribute to the development of ECC in many patients. 
Therefore, understanding the genetic and/or familial basis of caries 
has the potential to provide clinicians with an additional dimension 
to screen for when identifying susceptible individuals, who require 
immediate attention.

Social stressors 

Sustaining socio-behavioral and biological stressors plays a causal 
role in triggering and/or exacerbating ECC perpetuation [11,21,22]. 
In predisposed children, SES-related social stressors such as food 
insecurity, exposure to domestic or neighborhood violence, inadequate 
day care, transportation, and maternal education level and associated 
dental health literacy all play a role in ECC exacerbation [11,21,22]. For 
example, findings have shown that food-insecure children are more 
likely to have inadequate nutritional outcomes and thus poorer general 
health [22]. Additionally, malnutrition or improper diet due to poverty 
may lead to poor dental health. This is partially due to the fact that 
sugary food options are more affordable and thus accessible to low-
income families [23]. The result is an increased risk of dental enamel 
erosion early in life.

Income is associated with striking disparities in dental disease as 
well. Of fourteen million American children, one out of four is born 
into poverty, living below the poverty line (annual income of $22.050 
for a family of four) and experiencing more severe and untreated 
tooth decay. Poor children suffer from dental caries twice as much as 
their more affluent peers. The disparities associated with income are 
further exemplified by the difference in the extent of untreated dental 
decay between rural and urban children [24]. Urban children were 
approximately three times as likely to show signs of dental caries when 
compared to their rural counterparts. This can be explained by the 
unique SES-related risk factors experienced by each group.

Behavioral stressors 

In those that develop ECC, there has been a significant association 
between caries risk level, lack of fluoride, and dietary habits and 
ultimately the subsequent development of ECC. This suggests that 
certain behaviors and other causes of demineralization of dental 
enamel can precipitate ongoing ECC in addition to mutans streptococci 
infection. In this way, ECC has the potential to persist long after original 
bacterial exposure and infection. Studies have found an association 
between the frequency of sugar intake and caries whereas the total 
amount of sugar consumed has not been shown to be as predictive 
of caries [25]. Routine tooth brushing demonstrates few associations 
with caries status, but this behavior may counteract the negative 
outcomes resulting from a high-sugar diet [2]. Furthermore, certain 
high-risk behaviors, including not flossing, stress-inducing parenting 
styles, and inadequate coping strategies for stress, have the potential to 
worsen already existing demineralization of dental enamel. Therefore, 
developing ECC exists in a complex web of sociobehavioral factors in 
addition to the biological realities experienced by affected individuals.

Family and culture

Children from racial and ethnic minorities are more likely to be 

poor and to experience disparities in health outcomes and access to 
care. Immigrant families often face additional cultural, linguistic, and 
educational barriers to accessing healthcare and social services [26]. 
Community and cultural factors may be key drivers of oral health and 
ECC burden. In one multiethnic Los Angeles County neighborhood, 
there were ninety-two fast-food vendors in a four square mile area- 
many near schools. By contrast, grocery markets were mostly small 
stores, with few stocking fresh produce, and larger markets were 
not conveniently located for the population of this neighborhood. 
Geospatial mapping also revealed few parks and safe spaces for exercise 
and play in many low-income areas. Cultural dietary preferences as well 
as limited access to affordable healthy food and safe places to exercise 
are some of the community-level barriers children and families may 
face in trying to make healthy choices. These factors impact many 
health conditions including obesity, diabetes, and dental caries, all of 
which are more prevalent among lower socioeconomic groups [26].

Access to dental insurance

Dental disease among poorer children is more likely to be untreated 
due to a lack of access to dental care, with such disparities continuing 
into adolescence [27]. It has been reported that access to dental care 
is predicted by medical insurance. Uninsured children are two and a 
half times less likely than insured children to receive dental care and 
children from families without dental insurance are three times more 
likely to have dental needs that require attention than children with 
either public or private insurance. Similarly, not all health providers 
may be aware of the services needed to improve oral health, a reality 
that increases risk even when care is available [28]. Given these realities, 
lack of access to insurance has the capacity to amplify the negative 
outcomes associated with the biological, social, and behavior stressors 
and hence increases the risk of developing ECC.

The Affordable Care Act (ACA) mandates offering dental benefits 
to nearly 8.7 million children [29]. However, not all consumers are 
expected to purchase these benefits, and dental care utilization will 
not necessarily increase by the projected margin. If anything, the ACA 
has surely improved primary care coverage, whereas dental coverage 
remains limited. This gives primary care physicians a crucial role in 
screening, risk stratifying, and supporting self-care in primary care 
settings with utilization management to prioritize higher risk cases to 
occupy the limited capacity of dental chairs.

Implications for policy and practice

Given the prevalence of ECC among children who grow up in 
more adverse circumstances, access to early and periodic screening 
and intervention should be a priority for policy makers and clinicians 
committed to building healthy communities. Although dental coverage 
significantly limits access for these at-risk children, the ACA has 
resulted in expanded Medicaid and commercial medical coverage 
through state Health Exchanges. As long as this provision of the ACA 
is preserved, access to primary care for these vulnerable children will 
not be an issue. For example, in Los Angeles County it is estimated 
that 500,000 children have access to primary care but not to dental 
care [30]. Dentists, physicians, and nurses are now demonstrating that 
oral health screening, risk stratification, parent anticipatory guidance, 
and application of varnish can be integrated into the Well Child 
medical visit without disruption of work flow [31]. This collaborative 
interprofessional strategy is aligned with the provisions of the ACA and 
optimizes utilization management whereby higher risk kids are moved 
up in the cue for restorative dental care while lower risk kid’s oral health 
needs are met within the primary care practice between annual dental 
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cleaning visits. Clearly there is a role for population-based strategies 
to screen defined populations of children in the primary care setting, 
risk stratify all children within registries, and improve the reliability of 
delivery of evidence-based oral health care to both low and higher risk 
children. 

Parental attitudes towards oral health related behaviors do 
influence whether these behaviors are reported to occur in children 
and that the strength of attitudes varies between diverse ethnic groups 
and sites around the world [32]. Children experience profound 
impacts from their environment and family circumstances. Thus, for 
disadvantaged children, outreach is necessary to ensure they receive 
services, including dental care. Oral health advocates should partner 
with others in child and family advocacy to work towards the larger 
vision of family and community wellness, while ensuring oral health is 
integrated into these efforts. To succeed in alleviating health disparities, 
we must deliberately embrace new paradigms that emphasize 1) oral 
health as part of overall health at the level of the individual child, 
family, community, and society; 2) health promotion and wellness, 
not just absence of disease; 3) family and community empowerment 
as critical to improving children’s health and future lives; and 4) health 
professional efforts that include access to care but also reach beyond 
access to care to embrace a multifactorial model of health determinants 
[26], including oral health and its determinants.

In this paper, we have proposed a conceptual model of the role 
of allostatic load in promoting ECC (Figure 1). The most effective 
response on the part of both dental and medical professionals caring for 
children is a population-based interprofessional collaboration strategy 
which will create capacity for the reliable delivery of preventive and 
restorative care to defined populations of children in order to reduce 
the burden of preventable ECC among children in the US. This model 
provides a conceptual framework to support the work of change leaders 
in dentistry and primary care who are now demonstrating that quality 
improvement methods may be leveraged to accomplish this goal. More 
research should now be focused on the translational strategies which 
will most effectively contribute to a reduction in ECC and the medical, 
developmental, and psychosocial sequelae suffered by children who are 
affected.
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