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A B S T R A C T

Objectives: To evaluate if there is an association between periodontal diseases (gingivitis and periodontitis) and 
adverse childhood experiences (ACEs) and further to evaluate the association between ACEs and tooth loss as the 
number of missing teeth has been recognised as a surrogate measure of periodontitis
Data sources: Following comprehensive electronic (Pubmed, Web of Science, Scopus and PsycInfo) and manual 
literature searches until August 2024, the studies that measured ACEs and reported periodontal disease or tooth 
loss were included. Two independent reviewers assessed the risk of bias of the included studies using the 
Effective Public Health Practice Project Quality Assessment tool (EPHPP). A meta-analysis was performed using 
SPSS version 28 with a random effects model to pool odds ratios and leave-one-out sensitivity analysis. Further 
meta regression was conducted to examine if gender moderated these associations.
Study selection: Two reviewers screened 956 titles and abstracts, included 9 studies (108,609 participants) in the 
systematic review and 8 studies in the meta-analysis. The overall effect size for the association between ACEs and 
periodontal disease outcomes was 2.41 (95% CI: 1.42-3.39, p<0.001), and for tooth loss was 2.01 (95% CI:1.25- 
2.76, p<0.001) such that individuals exposed to childhood trauma were twice as likely to have periodontal 
disease or tooth loss compared to individuals not exposed to childhood trauma.
Conclusion: This meta-analysis found a low-quality evidence for associations between ACEs and indicators of 
periodontal diseases. However, future studies should use longitudinal study designs and investigate the under
lying mechanisms to clarify causal relationships and identify intervention opportunities.
Clinical significance: Individuals exposed to Adverse Childhood Experiences (ACEs) are likely to have periodontal 
disease or tooth loss compared to individuals not exposed to ACEs. Further it is important to collaborate with 
mental health professionals for effective comprehensive patient management.

1. Introduction

According to a World Health Organisation recent report, severe 
periodontal diseases are estimated to affect about 19% of the world 
population, accounting for >1 billion cases globally (World Health 
Organisation, March 2025) [1]. Gingivitis and periodontitis are the 
result of host inflammatory responses to the presence of oral pathogens. 
Gingivitis is a reversible form affecting the investing layer gingiva, 
whereas periodontitis is an irreversible form of disease characterised by 

destruction of tooth supporting alveolar bone [2]. Periodontitis is a 
leading cause of tooth loss, negatively influencing the chewing ability 
and aesthetics of the affected individuals, leading to social inequality 
and compromised quality of life [3]. Epidemiological studies suggest 
that not everyone is affected by periodontal disease in the same way and 
an obvious variance in phenotypic expression is observed [4]. Research 
on this topic is constantly evolving aimed at better understanding of the 
pathogenesis of the disease. The resulting efforts of the scientific com
munity have led us to understand some of the potential mechanisms 
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underlying the pathogenesis, including exposure to psychosocial factors 
such as psychological stress and adverse childhood experiences (ACEs) 
[5,6].

Adverse childhood experiences have been shown to have serious 
negative effects on overall health outcomes [7,8]. There is robust evi
dence showing that early childhood adversity is associated with higher 
rates of chronic illnesses in adult life, including cancer, anxiety and 
depression, cognitive decline and early mortality [9–11]. The term 
adverse childhood experiences (ACEs) includes events such as physical, 
verbal, and sexual abuse, household dysfunction, emotional and phys
ical neglect, and parental separation [12]. Further, the evidence in
dicates that ACEs are associated with significant changes in 3 systems: 
nervous, endocrine, and immune systems [13]. These three highly in
tegrated systems mediate the biological processes of allostasis, i.e., to 
maintain stability through stressful periods to maximise survival. 
Further, the evidence from laboratory immunological studies suggests 
that adults with a history of childhood maltreatment exhibit elevated 
levels of inflammatory response, accompanied by a rapid acquired im
mune response manifested by an increased T cytotoxic/T helper ratio 
and greater delayed hypersensitivity [13].

A substantial body of psychophysiological research supports the 
theory that early life stress has lasting effects on the hypothal
amic–pituitary–adrenal (HPA) axis and immune system functioning [7,
13]. Furthermore, a growing body of research has found evidence sug
gesting that ACEs may influence the risk of periodontal diseases via 
behavioural and biological pathways [14]. The earliest evidence on this 
topic was reported by Hays and Stanley [15], who demonstrated that 
individuals with the history of sexual abuse reported increased gingi
vitis, dental anxiety and dental avoidance behaviour. Subsequently, 
Nicolau et al. [16] in their life-course approach study demonstrated 
individuals who are exposed to harsh parental discipline in childhood 
were more susceptible to periodontal diseases. They suggested that 
stressful early life experiences increase the reactivity of the HPA axis, 
resulting in over responsive adrenocorticotropin and cortisol hormone 
release in adulthood. Such dysregulation may impair host-response 
mechanisms, the process which is central to the pathogenesis of peri
odontal disease [17]. Coe [18] also showed that exposure to elevated 
stress hormones during critical periods of immune system development 
can lead to long-lasting alterations in immune regulation, increasing 
vulnerability to infectious and inflammatory conditions in later life. 
These biological effects provide a plausible mechanistic pathway by 
which ACEs may influence the early inflammatory changes associated 
with gingival disease and the subsequent periodontal destruction. 
However, to date the magnitude of the strength of the relationship be
tween ACEs and periodontal diseases has not been synthesised. Thus, the 
objective of this systematic review was to evaluate whether adverse 
childhood experiences are associated with the prevalence or incidence 
of periodontal diseases (gingivitis/periodontitis). The number of missing 
teeth has been recognised as a surrogate measure of periodontitis, which 
is assessed easily by both clinicians and patients [19,20]. Therefore, an 
additional objective of the current review was to evaluate whether 
adverse childhood experiences were also associated with tooth loss. To 
the best of our knowledge, this is the first systematic review to evaluate 
the magnitude of the strength of the relationship between ACEs and 
periodontal diseases.

2. Materials and methods

The current review followed the Preferred Reporting Items for Sys
tematic Review and Meta-analysis (PRISMA) guidelines. Details of the 
protocol for this review were pre-registered on PROSPERO 
(CRD42023467117), before starting the review process. Study eligibility 
criteria are outlined below:

2.1. Inclusion criteria

This review followed the PECO Framework: human adults (Popula
tion); ACEs (Exposure); no or low ACE exposure (Comparator); peri
odontal outcomes such as gingivitis, gingival bleeding, periodontitis, 
and tooth loss. Eligible studies included: 

1. A measure of periodontitis or gingivitis (self-reported periodontitis 
or clinically diagnosed) and tooth loss among adult humans.

2. A measure of adverse childhood experiences/childhood adversities/ 
early life stressful experiences/early adverse environments, obtained 
either via health records or self-reported. Individual categories of 
ACEs (e.g., abuse, neglect, household dysfunction), cumulative ACE 
scores, categorical groupings of ACE counts (e.g., 0, 1, 2, 3+), and 
studies that reported early-life events/childhood adversities consis
tent with ACE-type exposures, regardless of whether they were coded 
as dichotomous or continuous.

3. Articles published in the English language.
4. Peer-reviewed original research articles with any of the following 

study designs – observational and analytical studies on human 
participants.

2.2. Exclusion criteria

1. In vitro studies/animal studies/ review articles.
2. Grey literature such as non-peer-reviewed studies, conference ab

stracts, theses, dissertations, and government reports.
3. Studies without periodontal diseases or gingival bleeding index, or 

tooth loss as a variable.
4. Studies reporting childhood socio-economic status alone.
5. Articles published in languages other than English.
6. Paediatric studies.

2.3. Search term

The search terms were formulated following the PECO framework 
and were adapted as necessary for different databases using keywords 
and MeSH terms (Table S1 and S2).

2.4. Search strategy

Four databases were searched from inception to August 2024, using 
key words which were combined using Boolean operators: 1. PubMed 2. 
Web of Science (Core collection – Science Citation Index and Social 
Science Citation Index) 3. Scopus and 4. PsycINFO. Additionally, sup
plementary manual searches of other references were carried out.

Tooth loss was included as a surrogate measure of periodontal dis
eases, as the initial scoping review revealed that gingivitis, gingival 
bleeding, and periodontitis were too restrictive.

All titles and abstracts were screened independently by 2 reviewers 
(VKN and AK) and Rayyan software was used to manage the screening 
and selection of the articles (https://www.rayyan.ai) against the selec
tion criteria. Any disagreements in the selection process were resolved 
through discussion and/or by including a third reviewer (s) (DBO and 
NH). This process was repeated for full text analysis as well, and again 
any disagreements or conflicts were resolved by third reviewer(s) (DBO 
and NH). The level of agreement between the reviewers was assessed by 
estimating the percentage of agreement.

2.5. Data extraction

Data from the included studies were extracted independently by 2 
reviewers (VKN and AK) and the details extracted comprised the 
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following: title, author, year, country of origin, aim of the study, study 
design, exposure measurement, outcome measurement, results and list 
of adjusted confounders. Wherever multiple exposure and outcome 
measurement were present in a study, discussion within the review team 
took place to determine the most applicable measure (s) to include 
(Table 1).

2.6. Quality assessment

We utilised the Effective Public Health Practice Project (EPHPP) 
quality assessment tool [21] for risk of bias (ROB) analysis. This tool was 
selected over other ROB analysis tools as most of the studies included in 
the current systematic review were observational studies. Each study 
was assessed for quality against the criteria outlined in the EPHPP tool, 
selection bias, study design, confounders, blinding, data collection 
methods, withdrawal and dropouts, and analysis. Finally, each study 
was assigned a global rating by both reviewers, based on the criteria 
outlined in EPHPP guidelines and dictionary: STRONG (no WEAK rat
ings), MODERATE (one WEAK rating), WEAK (two or more WEAK rat
ings). If there was a disagreement between the reviewers, it was 
discussed with the research team, and a consensus was reached for the 
global rating. The quality analysis was independently conducted in full 
by 2 reviewers (VKN and AK). The certainty of the evidence for each 
outcome was assessed using the Grading of Recommendations Assess
ment, Development and Evaluation (GRADE) approach. This involved 
evaluating the overall quality of evidence based on five key domains: 
risk of bias, inconsistency, indirectness, imprecision, and publication 
bias. Evidence from observational studies were initially considered low 
certainty and were downgraded or upgraded on specific limitations or 
methodological strengths. The Summary of Findings table was gener
ated using GRADEpro GDT software.

2.7. Data analysis

In this meta-analysis, we conducted separate meta-analyses to 
accurately capture both the immediate and cumulative burden of peri
odontal disease. First, an independent meta-analysis was performed for 
studies reporting periodontal diseases as an outcome. Second, a separate 
meta-analysis was undertaken for studies reporting tooth loss as an 
outcome. Tooth loss was analysed because, although it is influenced by 
multiple factors, it is also widely recognized in epidemiologic research 
as a surrogate marker of cumulative periodontal destruction, with 
several large-scale studies using tooth number or tooth loss as an indi
cator of historical periodontal disease burden [22]. To provide an esti
mate of the association across the full disease continuum—from 
periodontal disease to tooth loss—we conducted separate meta-analyses 
of studies reporting on periodontal disease and tooth loss outcomes. 
These analyses acknowledge the biological and temporal relationship 
between active periodontal pathology and its long-term sequelae, 
enabling evaluation of the exposure’s impact on both current disease 
and its cumulative endpoint. Although there is no universal agreement 
on the exact proportion of tooth loss attributable to periodontal disease, 
it is well established that periodontal disease is a major cause of tooth 
loss, with reported estimates typically ranging from approximately 25% 
to 62%, depending on age, population characteristics, and study design 
[23–25]. Therefore, excluding the edentulous population would likely 
lead to an underestimation of periodontal disease. Finally, subgroup and 
sensitivity analyses were conducted to assess the robustness of findings 
across these outcome categories.

Meta-analyses were conducted using SPSS software (version 28), 
employing fixed or random effects modelling dependent upon the het
erogeneity of the data. Most of the eligible studies reported effect size in 
odds ratios and 95% confidence intervals were converted to standard 
error using the following formula (upper limit – lower limit /3.92). We 

used adjusted odds ratios. The highest odds ratio was chosen where 
multiple effect sizes were reported in a study. Forest plots were gener
ated to illustrate the effects in the meta-analysis of the included studies 
and the global estimation.

One of the included studies [15] provided only raw data and odds 
ratio and standard error were calculated using following formula.

OR = (a / b) ÷ (c / d) = (a × d) / (b × c)
SE = √ (1/a + 1/b + 1/c + 1/d)
A meta regression was calculated to explore whether gender signif

icantly moderated the relationship between ACEs and periodontal dis
ease outcomes. Heterogeneity was assessed with the I2 statistic. Funnel 
plots were generated, and Egger’s regression was calculated to test for 
asymmetry, which assessed a risk of publication bias. All analyses were 
subjected to leave-one-out sensitivity analyses to observe how each 
included study influenced overall results and to examine if any studies 
disproportionately influenced the overall effect size.

3. Results

3.1. Study selection

Initial searches yielded 2261 articles through the formal database 
searches, of which, 747 were retrieved from Medline (via PubMed), 746 
from Scopus, 213 from PsycINFO and 555 from Web of Science (Fig. 1). 
Citation searching yielded one additional study. The main reason for 
exclusion from the review at title level was due to articles not reporting 
measure of adverse childhood experience or gingivitis or periodontitis or 
tooth loss. Following duplicates removal, a total of 956 studies were 
screened for titles and abstracts, and 27 studies were identified for full 
text screening. List of excluded studies with reasons for exclusion is 
listed in Table S3. Finally, 9 studies remained for inclusion in the 
qualitative analysis of the present systematic review (Table 1), 
comprising 108,609 participants [15–17,26–31], 2 studies reported 
periodontitis [16,17], 1 study reported gingivitis [15] and remaining 6 
studies reported tooth loss [26–31].

Two studies utilised the data from the same longitudinal China 
Health and Retirement Longitudinal study (CHARLS) and both studies 
explored an association between early life adversity and edentulism [30,
31]. We selected Tang et al. [30] for the quantitative analyses (meta-
analysis) as this study reported threat and deprivation related adversity 
and their differential impact on edentulism. Furthermore, Tang et al. 
[30] demonstrated a distinct dose-response relationship between cu
mulative exposure to threat-related adversity and edentulism risk. In
dividuals exposed to three or more threat-related adversities increased 
the risk of edentulism. On the contrary, Zhang et al. [31] did not report 
this type of association.

Across the studies, age was the most consistently adjusted 
confounder (8/9 studies), followed by socioeconomic factors (7/9 
studies), including education, income, and occupation. Smoking was 
included in 6/9 studies. Other demographic variables such as gender, 
ethnicity, and marital status were less consistently accounted for. Clin
ical variables, including chronic conditions, were adjusted for in 
approximately half of the studies, while psychosocial factors such as 
depression and social support were included less frequently. (Table 1)

There was 99% agreement between the two authors screening of 
titles and abstracts and 89% agreement for quality assessment scores 
(VKN and AK). Cohen’s kappa statistic results showed good inter 
observer reliability for qualitative analysis (k = 0.76) to identify risk of 
bias, indicating high level of consistency among the raters.

3.2. Qualitative synthesis of studies

Studies were conducted in the following countries: 3 from USA, 2 
from China (data from a single longitudinal study CHARLS), 1 from UK, 
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Table 1 
Characteristics of the included studies.

Study, country, 
design(s)

Objective Population (P) Exposure (E) methods 
of assessment and 
details of use

Outcomes (O) Association Adjusted 
Confounders

Hays and Stanley 
(1997), USA 
Cross-sectional 
study

To examine dental 
experiences of 
women survivors of 
childhood sexual 
abuse (with and 
without abuse 
exposure)

Psychotherapy clients and 
members of a statewide 
survivor information 
service 
Total sample = 181,

Severity and type of 
abuse

30-item dental 
experience survey of 
checklists, forced- 
choice items, Likert- 
type scales and open- 
ended questions – ten 
type of problems were 
investigated including 
gingivitis and teeth 
extractions

30% of survivors 
reported gingivitis – 
30% of 132 versus 14% 
non-exposed reported 
gingivitis (p < 0.01); 
47% survivors reported 
teeth extractions and 
22% non-exposed.

Not reported

Nicolau et al. 
(2007) Brazil. 
Data from the 
second part of 
2-phase cross 
sectional 
survey

To investigate the 
relationship between 
psychosocial factors 
at two 
periods of life and 
periodontal diseases

Brazilian adult females 
330 women 
randomly selected from a 
larger sample of mothers 
whose children participated 
in a study on chronic oral 
disease using a life-course 
framework

Mothers and fathers 
level of support and 
mothers and 
fathers’ levels of 
discipline reported by 
the participants. Levels 
of support were 
calculated by summing 
the scores on 
questions for trust, 
love, attention, and 
understanding. 
Level of discipline was 
estimated by 
adding the scores of 
questions on strictness 
and punishment

Examined for the 
presence and absence 
of plaque, calculus, 
bleeding gums on 
probing, pocket depth 
and loss of attachment

logistic regression of 
the association between 
paternal levels of 
discipline in childhood 
and loss of perio 
attachment – adjusted 
OR 95% CI 2.56 
(0.99–6.62) 
unadjusted OR 95% CI 
1.89(1.05 − 3.39)

Age 
Smoking 
Dental plaque 
levels (oral 
hygiene) 
Adult emotional 
support 
Participant’s own 
education 
Childhood 
socioeconomic 
position

Matsuyama et al. 
(2016) Japan 
Retrospective 
cohort study

To investigate the 
association 
between experience 
of childhood abuse 
until the age of 18 
and current number 
of remaining teeth.

Sample of older Japanese 
adults (sample size =
25,189) 
Data from the Japan 
Gerontological Evaluation 
Study (JAGES) project, in 
particular from the 2013 
JAGES survey

Three questions 
derived from ACEs 
study. Fellitti et al. 
(1998)

Current number of 
remaining teeth was 
used 
categorically: ≥20, 
10–19, 5–9, 1–4, and 
no teeth.

Childhood abuse was 
significantly 
associated with fewer 
remaining teeth after 
adjusting for covariates 
including 
socioeconomic status 
(odds ratio=1.14; 95% 
confidence interval: 
1.06, 1.22)

Age 
Gender 
Years of education 
Occupation 
Income 
Diabetes 
Smoking 
Depression 
Stroke

Bosch et al. 
(2019) USA 
Cross sectional

To understand how 
ACEs may impact 
oral health utilizing a 
nationally 
representative 
sample of females

Data from the 2010 
Behavioural Risk Factor 
Surveillance System 
(BRFSS) 
Sample size 36,249 women

Questions regarding 
ACEs prior to the age of 
18 derived from Fellitti 
et al. (1998)

Last dental cleaning, 
significant tooth loss 
(decay and infection 
but not trauma or 
injury/orthodontic 
reasons), smoking, 
and 
health-related quality 
of life

In all ACEs categories 
women had significant 
tooth loss (>6 
permanent teeth) 
compared to those 
without the history of 
ACEs, adjusted OR 
(95% CI) – 2.23 (1.82 – 
2.73) p < 0.001)

Age 
Ethnicity 
Income 
Employment status 
Health care 
coverage 
Smoking was 
analysed and 
modelled as a 
moderator

Lee, (2019), USA 
Cross-sectional 
survey

To determine the 
extent to which ACEs 
impact total tooth 
loss among older 
adults in the United 
States

(Sample size = 6427; age >
50) 
Data are drawn from the 
2012 Health and 
Retirement Study (HRS), 
merged with multiple HRS 
data sources including the 
2015 Life History Mail 
Survey (LHMS) and the 
retrospective childhood 
variables from the HRS core 
surveys (1998–2010)

Four binary indicators 
of childhood adversity 
were measured, 
including: (a) 
childhood 
financial hardship, (b) 
childhood abuse, (c) 
cigarette use during 
childhood, and (d) 
childhood 
trauma

Total 
tooth loss was 
measured.

Childhood trauma is 
significantly associated 
with higher odds of 
tooth loss in later life. 
Adjusted OR and 95%CI 
for risk of tooth loss 
trauma - 1.37 (1.04 
− 1.80) 
Abuse – 1.17 (1.03 
− 1.34) (p < 0.05)

Age 
Gender 
Ethnicity 
Marital status 
Self-reported 
childhood health 
Diabetes 
Lung disease 
Smoking 
Cognitive function 
Dental health 
behaviours such as 
dental service 
utilisation, 
smoking and 
alcohol 
consumption

Ford et al. (2020), 
UK 
Cross-sectional

This study examined 
whether 
experiencing ACEs 
before the age of 18 
years is associated 
with self-reported 
poor dental health in 
later life

A household survey (N =
5307; age range 18–69 
years) was conducted in the 
South of England 
(Hertfordshire, Luton and 
Northamptonshire).

Standardised nine ACE 
survey questions from 
the US Centres for 
Disease Control and 
Prevention short ACE 
tool were used to 
measure exposure 
(before 18 years of age) 

Missing permanent 
teeth due to caries and 
/or damage

The 
prevalence of tooth loss 
was significantly higher 
(8.3%) in those with 4+
adverse childhood 
experiences compared 
to those who had 
experienced none 

Age 
Gender 
Ethnicity 
Socioeconomic 
deprivation

(continued on next page)
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1 from Germany, 1 from Japan, 1 from Brazil. Most of the studies were 
cross-sectional in study design except one which was a retrospective 
cohort study. Sampling techniques across studies were random sampling 
except one study which used convenience sampling, [15] recruiting 
sample sizes of between 181 and 36,249 across nine cohorts.

A variety of tools or questions were used to measure ACEs/Childhood 
trauma: 3 studies used the ACE tool by Fellitti et al. [32]. or the modi
fication of this tool, 1 study used childhood trauma screening ques
tionnaire by Grabe et al. [33] 1 study used a life history questionnaire, 
the remaining 4 studies used different measures such as life history 

survey questionnaire, questions on parents support and level of disci
pline and early life adversity questions including any childhood trauma.

Most of the studies reported effect sizes in terms of odd’s ratios and 
confidence intervals. All studies reported odd’s ratio ranging from 1.03 
to 4.06 suggesting an increased odds of associations between ACE and 
gingivitis/ periodontitis / tooth loss, and another study reported sta
tistically significant effect size reported as d Cohens. 0.34, indicating small 
to moderate associations between ACE and Periodontitis.

Table 1 (continued )

Study, country, 
design(s) 

Objective Population (P) Exposure (E) methods 
of assessment and 
details of use 

Outcomes (O) Association Adjusted 
Confounders

to childhood abuse and 
family dysfunction

(5.0%; p < 0.05) 
ACE count 4+ adjusted 
OR 95% CI 2.45 
(1.63–3.68) (p < 0.001)

Lenk et al. (2022), 
Germany, Cross 
-sectional study

This study examined 
a wide range of 
potential 
psychosocial risk 
indicators to identify 
those with relevant 
associations to 
periodontitis

Total sample- 221 = 111- 
Periodontitis; 110 – without 
Periodontitis from Private 
dental practices in Germany

Childhood Trauma 
Screener (CTS) is the 
short form 
of the Childhood 
Trauma Questionnaire 
for screening 
recalled abuse and 
neglect in childhood 
and youth by five 
items

Periodontal 
examination including 
probing pocket depths 
(PD) 
and clinical 
attachment loss (CAL). 
Patients who 
presented 
>30% teeth with 
approximal CAL≥5 
mm were 
assigned to the Perio 
group. Therefore, all 
patients 
were diagnosed with 
generalized 
periodontitis stage III 
or 
IV as defined in the 
current classification. 
Patients who 
had not more than one 
tooth with CAL≥4 mm 
or probing 
depths≥5 mm 
qualified for the non- 
perio group

The periodontitis group 
reported significant 
childhood 
traumatization (CTS, 
d cohens=0.34) than the 
non-perio group p <
0.01

Age 
Smoking 
Socioeconomic 
status - status, 
education, 
profession and 
income 
Dental anxiety

Tang et al. 
(2022), China, 
Data from a 
longitudinal 
study

To investigate if 
early life adversity 
(ELA) characterized 
by threat (i.e., 
physical abuse), and 
deprivation would be 
associated with 
edentulism.

Data came from 17,610 
elderly participants in the 
China Health and 
Retirement Longitudinal 
Study 
(CHARLS).

The Life History Survey 
Questionnaire, if any of 
11 particular 
adversities 
before the age of 17, 
was used to analyse 
multiple ELA 
events marked by 
threat and deprivation 
in the Wave of 
2014.

Edentulism was 
measured through 
respondent’s report on 
the 
core question, “Have 
you lost all your upper 
and lower natural 
permanent teeth?” 
(1=yes; 0=no)

Two forms of threat- 
related ELA exposure 
were linked to a 3.37- 
fold higher risk for 
edentulism in both 
male (95% CI (2.34, 
4.24)) and female 
participants (95% CI 
(2.49, 4.56), compared 
to no threat-related ELA 
exposure p < 0.001

Age 
Education level 
Residence – rural 
and Urban 
Marital status 
BMI 
Adult disease 
history 
With mutual 
adjustment for 
threat and 
deprivation related 
early life adversity

Zhang et al. 
(2023), China 
Data from a 
longitudinal 
study

To observe if the 
relationship between 
ACEs and oral health 
conditions 
vary 
by different gender 
groups.

Sample size – 17,091, data 
from China Health and 
Retirement Longitudinal 
Study 
(CHARLS).

A set of self-reported 
ACEs before 17 years of 
age were used in this 
study: Early parental 
death, childhood SES, 
food deprivation, poor 
family relations, 
loneliness, childhood 
health, and 
neighbourhood 
environment.

Denture use, difficulty 
in chewing solid foods 
and edentulism were 
used to measure oral 
health conditions

ACEs were significantly 
associated with higher 
odds of edentulism 
–adjusted OR (95% CI) 
Early maternal death - 
1.06 (0.80–1.38) 
Early paternal death – 
(1.45 (1.16 – 1.78) 
Abuse from mother – 
0.89 (0.81–0.97) 
Abuse from father – 
0.89 (0.80 − 0.98)

Age 
Gender 
Marital status 
Hukou residence 
Adulthood 
education 
Self-rated health 
Medical visits 
Number of chronic 
conditions 
Depressive 
symptoms 
Smoking 
Alcohol 
Health insurance 
status 
Social engagement
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3.3. Meta-analysis

The random-effects model revealed a large and statistically signifi
cant association between ACEs and periodontal diseases and tooth loss 
studies. We conducted separate meta-analyses for periodontal diseases 
and tooth loss, as well as a sensitivity analysis excluding studies judged 
to have a high risk of bias. When restricted to studies reporting peri
odontal disease outcomes, the pooled effect size was 2.41 (95% CI: 
1.42–3.39, p < 0.001), with substantial heterogeneity (I² = 76%) 
(Fig. 1). However, since one study [15] did not adjust for confounders, 

we further restricted the meta-analysis to studies reporting adjusted 
odds ratios (k = 2). The new pooled effect was OR = 1.86 (95% CI 1.58 
–2.13, p < 0.001), indicating an attenuated yet robust association 
consistent with the primary analysis (Fig S1).

The tooth-loss-only analysis similarly demonstrated a significant 
association, yielding a pooled effect of 2.01 (95% CI: 1.25–2.76, p <
0.001) and high heterogeneity (I² = 94%) (Fig S2). Finally, a further 
sensitivity analysis restricted to the four tooth-loss studies judged to 
have a moderate risk of bias produced a pooled estimate closely aligned 
with the primary model, indicating that the observed association is 

Fig. 1. PRISMA flow chart for study selection.

Fig. 2. Forest plot showing individual and overall effect estimates with corresponding 95% confidence intervals for periodontal diseases.
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robust after exclusion of high-risk-of-bias studies (pooled effect size of 
2.20; 95% CI 1.28–3.12; τ² = 0.74; H² = 13.54; I² = 93%; p < 0.001) (Fig 
S2).

Despite variability across studies, all analyses consistently showed 
effect estimates above the null, with magnitudes centred around a two- 
fold increase in odds. This directional consistency across different 
outcome definitions and risk-of-bias strata demonstrates the robustness 
of the association between ACE exposure and adverse periodontal 
outcomes.

Further meta-regression analysis was conducted to determine 
whether gender influenced the association between ACEs and peri
odontal diseases. The meta-regression indicated substantial residual 
heterogeneity across studies. The estimated between-study variance 
following the inclusion of female gender variable as the moderator in the 
model suggested τ² = 0.263, with an I² value of 84.9%. (Figs. 2 and 3)

The results of the leave-one-out analysis are summarized for peri
odontitis and tooth loss in Table 2A and B. The analysis for tooth loss 
studies showed that the recalculated effect size ranged from 1.70 to 
2.26, with percentage changes from the original effect size varying be
tween − 15.42% and +12.44%. The largest deviation occurred when 

Tang et al. [30], was removed, resulting in a 15.42% decrease from the 
original estimate. On the contrary, removal of Matsuyama et al. [26], led 
to the greatest increase (+12.44%) in the pooled effect size. Overall, the 
direction of the association remained consistent across all leave-one-out 
analyses, indicating that no single study disproportionately influenced 
the results.

Leave-one-out sensitivity analysis for periodontal diseases showed 
that the recalculated effect sizes ranged from 1.86 to 3.02, corre
sponding to percentage changes of − 22.5% to +25.8% from the original 
estimate (OR = 2.40). Overall, greater variability was noted compared 
with the tooth loss analysis, likely due to the smaller number of studies 
and reduced precision.

3.3.1. Risk of bias
Based on the EPHPP quality assessment tool [32], out of the nine 

included studies, six were rated as moderate quality (indicating a 
moderate risk of bias) and three were rated as weak quality (indicating a 
high risk of bias). 77% of the studies were rated as weak in the domain of 
study design as most of the studies were cross sectional survey, and on 
the contrary, 88% of the studies in the data collection and methods 
domain were strong (Fig. 5). No studies achieved an overall strong 
quality rating. This distribution suggested that the overall body of evi
dence is subject to moderate to high risk of bias.

3.4. Publication bias

The presence of publication bias was investigated across the 8 
included studies in the review. Publication bias was examined using 
funnel plot and Egger’s regression-based test (Fig. 4). Results revealed a 
statistically significant intercept (β = 3.064, p = 0.010), indicating 
funnel plot asymmetry and suggesting the presence of small-study ef
fects or potential publication bias.

Leave one out sensitivity analysis was performed to evaluate the 
relative influence of each study on the overall pooled effect size. This 
analysis was conducted to assess the robustness of the overall effect size 
(2.41 and 2.01 for periodontal diseases and tooth loss respectively), by 
sequentially removing each contributing data point and repeating the 
meta-analysis.

The percentage change from the original estimate was computed 
using the following formula: percentage change = (new value - original 
value /original value) x 100.

3.5. Quality of evidence

The certainty of evidence was rated as very low for all outcomes 
(gingivitis, periodontitis, and tooth loss) using the GRADE approach. 
This was due to serious risk of bias, substantial heterogeneity across 

Fig. 3. Forest plot showing individual and overall effect estimates with corresponding 95% confidence intervals for tooth loss.

Table 2A 
Leave-one-out analysis presenting odds ratios, 95% confidence intervals, and 
percent change in estimates following the exclusion of each individual study for 
tooth loss studies.

Study removed Odds 
ratio

95% Confidence 
Interval

% Change from 
original

All 5 studies 2.01 1.25–2.76 ​
Matsuyama et al., 

2016
2.26 1.46–3.06 +12.44%

Lee, 2019 2.20 1.28–3.12 +9.45%
Bosch et al., 2019 1.98 0.99–2.96 − 1.49%
Ford et al., 2020 1.93 1.03–2.84 − 3.98%
Tang et al., 2022 1.70 1.09–2.31 − 15.42%

Table 2B 
Leave-one-out analysis presenting odds ratios, 95% confidence intervals, and 
percent change in estimates following the exclusion of each individual study for 
periodontal disease studies.

Study removed Odds 
ratio

95% Confidence 
Interval

% Change from 
original

None (3 studies) 2.40 1.42–3.38 0.00%
Hays and Stanley, 

1996
1.86 1.58–2.13 − 22.50%

Nicolau et al., 
2007

2.40 1.23–3.57 0.00%

Lenk et al., 2022 3.02 2.30–3.74 +25.83%
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studies, imprecision in effect estimates, and indirectness for certain 
outcomes. As a result, confidence in the estimated effects is limited, and 
the true effect may differ substantially from the observed associations 
(Table 3). Reasons for all decisions to downgrade or upgrade the cer
tainty/quality of studies are provided in footnotes of Table 3.

4. Discussion

This systematic review and meta-analysis aimed to investigate if 
adverse childhood experiences (ACEs) were associated with the preva
lence /incidence of periodontal diseases (gingivitis/periodontitis) and 

its consequences such as tooth loss. The results of this study indicated 
consistent association between ACEs and periodontal disease indicators 
such as gingivitis, periodontitis and tooth loss. The quality of evidence, 
measured using GRADE tool, however classified as ‘low’.

This relationship between ACEs and periodontal diseases deserves 
special attention given that evidence suggests that stress exposure dur
ing early life can lead to permanent changes to the stress response 
regulation further leading to prolonged dysregulated production of key 
hormones and neurotransmitters, termed as ‘toxic stress’[34]. Peri
odontitis is not a uniform host response to infection but a complex 
interplay of host susceptibility and pathogen exposure. Further, the 

Fig. 4. Funnel plot assessing publication bias for [A] periodontal diseases and [B] tooth loss studies.
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literature suggests there is inter-individual variability in the magnitude 
and intensity of inflammatory responses to dental biofilm in periodontal 
diseases [35,36]. One of the factors for this inter-individual variability in 
inflammatory response could be exposure to ACEs.

The current systematic review synthesised findings from 9 studies 
that reported a measure of ACEs and periodontal diseases and/or tooth 
loss. A significant association was identified between ACEs and peri
odontal diseases and tooth loss. This systematic review is important 
because it is the first of its kind to observe the association between ACEs 
and periodontal diseases and / or tooth loss.

The analyses revealed a strong association between exposure and 
outcome suggesting that as ACEs exposure increased, periodontal dis
ease outcomes worsened. In the current study tooth loss was also an 
outcome alongside gingivitis and periodontitis, as a potential conse
quence of periodontal diseases. This, however, needs to be interpreted 
with the recognition that only 3 included studies directly addressed our 

research question; while the other 6 studies assessed the tooth loss, 
which was used as surrogate measure of periodontal diseases. These 
findings are consistent with previous studies reporting an association of 
ACEs with other chronic illnesses [9–11]. Furthermore, the results of our 
systematic review and meta-analysis should be interpreted with great 
caution considering the certainty of evidence using GRADE tool was 
classified as ‘low’ due to methodological limitations and imprecision.

This meta-analysis revealed substantial heterogeneity among the 
included studies. One of the contributing factor could be due to different 
conceptualisation and assessment of ACEs, which makes cross compar
ison of the studies challenging to arrive at a robust generalisable 
conclusion. Lacey and Minnis [37] presented their views on conceptual 
issues and recommendations to mitigate their concerns. They suggested 
that future ACEs research should address key conceptual challenges, by 
ensuring there are clear definitions of adversity, consideration of 
severity, timing, and impact of ACEs and justification for included items 

Fig. 5. Risk of bias assessment of included studies: A. Study-level plot B. Summary Proportion plot.
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Table 3 
Summary of Findings: Exposure to Adverse Childhood Experiences and periodontal diseases and tooth loss in adults.

Certainty assessment N◦ of patients Effect Certainty Importance

N◦ of 
studies

Study design Risk of 
bias

Inconsistency Indirectness Imprecision Other 
considerations

Exposure to adverse 
childhood 
experiences/ 
childhood 
adversities

not exposed to 
adverse childhood 
experiences/ 
childhood 
adversities

Relative 
(95% CI)

Absolute 
(95% CI)

Gingivitis (self-reported)
1 non- 

randomised 
study

seriousa not serious seriousb seriousc none 40/132 (30.3%) 7/49 (14.3%) OR 1.97 
(1.40–2.53)

157 more per 
1000 (from 3 
more to 470 
more)d

⨁◯◯◯ Very 
lowa,b,c

IMPORTANT

Periodontitis (clinically assessed)
2 non- 

randomised 
studies

seriouse serious not serious seriousf none ​ ​ not pooled see comment ⨁◯◯◯Very 
Lowe,f

CRITICAL

Tooth loss (assessed with self-report questionnaire/survey)
5 non- 

randomised 
studies

seriousg serious serious serious dose–response 
gradient

​ ​ OR 2.22 
(1.37 to 
3.06)

– per – (from – 
to –)h

⨁◯◯◯ Very 
low

CRITICAL

CI: confidence interval; OR: odds ratio; RR: risk ratio.
Explanations.

a Risk of bias was judged serious due to self-reported exposure and outcome, cross-sectional design, and lack of adjustment for important confounders.
b Gingivitis was self-reported and not clinically diagnosed.
c small sample size and wide confidence interval.
d Absolute effect was entered manually because this outcome is based on a single observational study and a clinically appropriate baseline risk from the comparator group (14% prevalence of self-reported gingivitis) was 

required. Automatic calculation used an implausible baseline risk, resulting in a misleading absolute effect.
e Cross-sectional design; Residual confounding (SES, smoking, oral hygiene); Retrospective exposure assessment; lack of temporality.
f Only two studies Limited total sample size; Wide estimates; Effect estimates were not pooled due to heterogeneity in exposure definitions and outcome operationalisation across studies.
g Risk of bias was judged serious due to potential residual confounding inherent to observational designs; Although a dose–response pattern was observed, the certainty was not upgraded due to the high risk of bias and 

potential residual confounding.
h Absolute effect auto-calculation was disabled because the pooled effect estimate is an odds ratio derived from non-randomised observational studies with varying baseline risks across populations. Automatic 

calculation of absolute effects could be misleading; therefore, absolute effects were not auto calculated.
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in ACEs measurement based on clustering and prognostic value. They 
further proposed that using core items will improve study comparability 
and relevance to both clinical practice and public health. To advance our 
understanding, subsequent ACEs research on periodontal disease out
comes needs to reflect this methodological sophistication.

In this meta-analysis the primary outcomes of interest were peri
odontal diseases, 3 included studies examined periodontal diseases 
clinically by measuring the gingival inflammation, probing pocket depth 
and attachment loss [15–17]. The remaining 5 studies examined tooth 
loss which can be a surrogate measure of periodontal diseases. Although, 
we do acknowledge dental caries, and trauma could also have been the 
causes for tooth loss, there is evidence to suggest the major cause for 
tooth loss could be periodontal disease particularly in adult and older 
population [24,38]. To contextualise our pooled estimates of peri
odontitis and tooth loss separately, we acknowledge that these outcomes 
are clinically distinct; however, they also represent successive points 
along the same pathological continuum. Tooth loss is widely regarded as 
a cumulative end-stage consequence of periodontal breakdown. Conse
quently, both measures are frequently used in epidemiological research 
as indicators of the overall burden of periodontal disease. Given that the 
aim of our review was to examine the association between ACEs and the 
broader impact and consequences of periodontal pathology, we 
considered periodontitis and tooth loss as closely related outcomes 
within the same disease spectrum, allowing us to evaluate both current 
disease status and its long-term sequelae.

Out of the 9 included studies, most studies were of cross-sectional 
design, which limits the ability to infer the causal relationships that a 
longitudinal study could allow. 6 of the included studies utilised sec
ondary data which may be considered as a methodological limitation 
due to lack of control over data and the study design and restriction of 
the ability to draw a causal inference [39]. Only 3 included studies [28,
29,31] used a validated ACEs instrument, 1 study [17] used a short, 
validated childhood trauma screening instrument derived from the 
longer Childhood Trauma Questionnaire [33]. 1 study [30] used a 
threat-deprivation dimensional framework originating from McLaughlin 
et al. [40] that explored differential impacts of threat-related adversity 
and deprivation related adversity on oral health outcomes and the 
remaining 4 studies used custom instruments/questions not validated 
instruments to assess early life adversity. These methodological differ
ences may explain some of the heterogeneity among the included 
studies.

A life course approach is the study of long-term effects of chronic 
disease risk of physical and social exposures during gestation, child
hood, adolescence, young adulthood and later adult life [41]. Although, 
3 included studies in this review claimed to have adopted a life course 
approach [16,26,27], to assess the influence of ACEs on periodontal 
disease and/or tooth loss, none of these studies actually tracked the 
ACEs exposure longitudinally from the critical life stages to disease 
manifestation or tooth loss. Instead, all of the 3 studies relied on the 
retrospective or cross-sectional reporting. Therefore, there is a need for 
future research to embrace these approaches.

Meta-regression analysis revealed that female gender contributed 
40.6% of the variance across studies, suggesting that female gender may 
influence the strength of the observed effect size. Further a significant 
proportion of the variability in effect sizes reflects true differences rather 
than sampling error. The H² statistic of 6.61 indicated the presence of 
considerable heterogeneity remaining after accounting for the gender 
variable included in the model. Additionally, the residual heterogeneity 
not explained by the presence of female gender is quantified by a Tau- 
Squared (t2) value of 0.263, suggesting the between-study variance in 
effect sizes is beyond the sampling error. Previous research has reported 
females experience more ACEs than their male counterparts [42], which 
may partially explain the finding. Furthermore, 3 of the included studies 
comprised exclusively female participants [15,16,29] potentially 

contributing to gender related differences. These findings highlight the 
need for considering the participant distribution in terms of gender to 
understand the variability in the observed variance across studies. 
Furthermore, the residual heterogeneity can be explained by differences 
in the study design, measurement methods of ACEs and population 
characteristics.

This meta-analysis has several important limitations. First, selection 
bias may have been introduced through the study identification and 
inclusion processes. Although we conducted a comprehensive search, 
our restriction to English-language, peer-reviewed articles and the reli
ance on indexed databases and published data may have excluded 
relevant studies, particularly those with null or negative findings. Sec
ond, heterogeneity in study designs, populations, and outcome measures 
limited comparability across studies and may affect the generalizability 
of the findings. Finally, the quality of the evidence is constrained by the 
methodological limitations of the included studies, such as small sample 
sizes, risk of bias due to self-reported exposure and outcome, cross- 
sectional design, and lack of adjustment for some important con
founders, which is reflected in the GRADE assessments of the certainty of 
evidence.

Another key limitation of this review is the uncertainty regarding the 
underlying cause of tooth loss in the included studies. Although tooth 
loss is widely used as a surrogate marker of cumulative periodontal 
destruction in epidemiologic research [19], we cannot confirm that all 
reported tooth loss was attributable solely to periodontal disease. Tooth 
loss may also result from dental caries, trauma, endodontic complica
tions, or restorative treatment decisions, which were not consistently 
reported or controlled for across studies. Because of this, the association 
between the exposure and tooth loss should be interpreted with caution, 
and the pooled estimates may reflect the combined influence of peri
odontal and non-periodontal pathways rather than periodontal disease 
alone.

As outlined earlier, this systematic review and meta-analysis is the 
first one to explore the association between ACEs and periodontal dis
ease and tooth loss. Sartori et al. [14] conducted a systematic scoping 
review to examine the impacts of ACEs on poor oral health outcomes 
among adults. Their findings suggested an association between ACEs 
and periodontal disease despite the small number of studies and varying 
levels of study quality.

Further, Sartori et al. [43]. presented their hypotheses on effects of 
adverse childhood experiences and lifelong, intergenerational influence 
on dental caries, and suggested that the risk of dental caries might in
crease through socioeconomic, psychosocial and behavioural factors in 
different stages of life. They, however, did not delve in the development 
of periodontal diseases. Another systematic review by Bahanan and 
Ayoub [44], examined the relationship between ACE exposure and oral 
health among adults aged 18 years or older. Their PECO research 
question included periodontal disease as one of the oral health out
comes, however, the results focused on following oral health outcomes 
(excluding periodontal diseases), such as last dental visit, last dental 
cleaning, number of filled teeth, number of extracted teeth, and number 
of remaining teeth. This indicates that, although periodontitis is a major 
contributor to tooth loss, it appears to attract less attention than dental 
caries in the emerging body of research on adverse childhood experi
ences (ACEs).

5. Conclusion

Based on the existing literature published in English only, this sys
tematic review and meta-analysis identified low-quality evidence sug
gesting an association between adverse childhood experiences and 
indicators of periodontal disease. Future research should employ lon
gitudinal study designs and investigate underlying mechanisms to 
clarify causal relationships and identify potential intervention 
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