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ABSTRACT

Objective: To systematically assess current evidence on the extent to which social relationships are associated with tooth loss in
adults aged 60years and older.

Methods: A systematic literature search was conducted on PubMed, Embase, Web of Science, CINAHL and The Cochrane
Library databases to identify relevant studies published from 1966 up to March 2024. Cross-sectional or cohort studies inves-
tigating the association between structural, functional and/or combined (structural and functional) components of social rela-
tionships and the number of remaining teeth or edentulism among community-dwelling or institutionalised older adults were
included. Data were extracted on participants’ and study characteristics, including study design, the type of measures used to as-
sess social relationships (structural, functional, and combined), outcome measures and association estimates. The quality of the
studies was assessed using the Newcastle-Ottawa Scale (NOS) for cohort studies and the adapted NOS for cross-sectional studies.
The reported association between social relationships and the number of remaining teeth or edentulism was summarised using
meta-analysis with robust variance estimation.

Results: Twenty studies were included in the review and 12 studies (125553 participants) in the meta-analysis. Across the 12
studies, the average odds ratio (95% confidence interval) was 1.15 (1.01-1.32), indicating a 15% higher likelihood of having a lower
number of teeth or edentulism for those with weaker social relationships. The GRADE certainty of the body of evidence was low.
Conclusions: Weak social relationships were associated with a lower number of teeth or edentulism in older adults. Our find-
ings may inform potential public health approaches that target and modify social relationships to prevent and address older
adults’ oral diseases. Still, the directionality and the underlying mechanisms connecting social relationships and tooth loss need
to be further explored by longitudinal studies with follow-up long enough for oral health outcomes or changes in social relation-
ships to occur.
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1 | Introduction

In the worldwide ageing population, social isolation and lone-
liness among older adults are recognised as growing public
health challenges [1]. Social isolation is defined as the objective
lack or a minimal number of social contacts and interactions
with family members, friends or the wider community and
results from a lifelong process [2, 3]. Loneliness is defined as
a subjective negative feeling associated with a perceived lack
of a wider social network or absence of a specific desired com-
panion [4]. Older adults are more likely to experience many of
the risk factors for social isolation and loneliness, including the
death of loved ones, decreased mobility, retirement or changes
in income [5]. Additionally, older adults are particularly vul-
nerable to the physical and mental impacts of social isolation
and loneliness, with outcomes such as high blood pressure [6],
decreased resistance to infection [7, 8], depression, cognitive
decline [9] and a higher rate of mortality [6, 10]. Thus, social
relationships are key to older adults’ health and well-being
[11]. The major components of social relationships include the
degree of integration in social networks [12], the quantity and
quality of aid and assistance provided as a function of social
networks (i.e., received social support) and perceptions and as-
sessments of the availability of social support (i.e., perceived so-
cial support) [13, 14]. The first component represents structural
aspects, whereas the latter two represent functional aspects of
social relationships [15]. The association between social rela-
tionships and health including oral health has been explained
through the stress-buffering model hypothesising that social
relationships may provide informational, emotional or tangible
resources that moderate or buffer the deleterious influence of
stressors on health, as well as the main effects model propos-
ing that being part of a social network may encourage healthy
behaviours and subsequently lead to protective health effects
[16-19].

Studies with observational approaches have been conducted
to investigate the association between social relationships and
oral conditions in older adults [20-23], as with other health out-
comes studies [24-26]. Across the studies, social relationships
have been defined and measured in diverse ways. Additionally,
the oral conditions (i.e., dental caries, periodontitis, tooth loss,
and self-rated oral health) being studied are different and range
widely. Synthesis of previous findings along with clarifications
of measures of social relationships and oral conditions would
allow for understanding which and to which degree oral con-
ditions are influenced by distinct types of measures of social re-
lationships. In addition, findings from evidence synthesis may
play a critical and prominent role in planning strategies aimed
at reducing oral diseases and as a basis for informing evidence-
based practices.

The present study focuses on tooth loss as the outcome of in-
terest since tooth loss is one of the main oral conditions with
increasing prevalence with age and reflects the endpoint of a
lifelong accumulation of oral diseases including dental caries
and periodontitis [27]. Therefore, this study aimed to system-
atically review and synthesise the current evidence on the as-
sociation between social relationships and tooth loss in older
adults.

2 | Methods

This review was conducted according to the established guide-
lines [28-30]. The review protocol was registered after the pilot
screening stage (PROSPERO CRD42023417845). The PRISMA
2020 Checklist [29] for this review is reported in Table S1.

2.1 | Search Strategy

An electronic literature search was conducted using five elec-
tronic databases (PubMed, Embase, CINAHL, The Cochrane
Library and Web of Science) for English language studies pub-
lished from 1966 up to December 2023. Updated searches for rel-
evant studies were conducted until March 31, 2024. The search
strategies are described in detail in Text S1, showing the oral
health measures other than tooth loss that were also considered
outcomes of interest. The reference lists of the retrieved studies
were also examined to identify additional eligible studies.

2.2 | Inclusion Criteria
2.2.1 | Population

Studies conducted on community-dwelling or institutionalised
adults aged 60years and older were included, relying on a gen-
eral age threshold for older adults. Studies focusing on specific
populations, such as people with psychological disorders, indig-
enous people and hospital inpatients, were excluded.

2.2.2 | Exposure

Although previous epidemiological studies on social relation-
ships have included a wide range of concepts such as partici-
pation, cohesion and social capital, structural (the degree of
integration in social networks) and functional (received and
perceived social support) components are consistently evaluated
[15]. Thus, studies that assessed social relationships using struc-
tural, functional and/or combined (structural and functional)
aspects were included. Search terms related to these aspects,
including social networks, social participation, social support,
social trust and social cohesion, were used.

2.2.3 | Outcomes

Studies that evaluated the number of remaining teeth or tooth
loss including edentulism were included.

2.3 | Study Selection, Data Extraction, and Quality
Assessment

Cross-sectional or cohort studies (prospective or retrospective)
were included in this review.

Titles and abstracts were examined to remove irrelevant stud-
ies by one reviewer (EYK) and the full texts of the potentially
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relevant studies were retrieved. Two reviewers (EYK and KF)
independently screened the full texts according to the eligi-
bility criteria and made final decisions on study inclusion/ex-
clusion. Subsequently, they independently extracted relevant
data, including the study design, participant characteristics,
exposures, measured outcomes, and association estimates
from every study. The association estimates with the greatest
contrast (i.e., between the highest and lowest levels of social
relationships) were extracted. Extracted data were recorded
in a web-based tool (Systematic Review Data Repository,
SRDR+) [31].

The reviewers also independently assessed the quality of in-
cluded studies using the Newcastle-Ottawa Scale (NOS) for
cohort studies [32] and the adapted NOS for cross-sectional
studies [33]. The NOS is structured into three domains through
which bias might be introduced into the results of individual
observational studies: (1) participant selection, (2) compara-
bility of study groups and (3) ascertainment of outcome of
interest. Individual studies were graded with 7 or more stars
(low risk of bias), 4-6 stars (moderate risk of bias) and 0-3
stars (high risk of bias) [34].

2.4 | Data Synthesis and Analyses

Only studies that reported odds ratios (OR) and correspond-
ing 95% confidence intervals (CIs) and controlled for possible
confounding factors including participants’ socio-economic
factors were used for quantitative data synthesis. Some stud-
ies have reported multiple OR values within a study, using
the same individuals at the same point or multiple points in
time across different measures of social relationships. Thus,
a meta-analysis with robust variance estimation, which han-
dles dependence arising from multiple measures taken on the
same individuals, was performed to synthesise the association
estimates. Subsequently, a sensitivity analysis was conducted
to check the robustness of the average association estimates to
different values of the user-specified within-study effect size
correlation [35, 36].

Heterogeneity among the observed association estimates was
assessed using I? statistic [37]. The possibility of publication bias
or small study effects was assessed using a contour-enhanced
funnel plot [38]. The certainty of the body of evidence was
graded using the framework developed by the GRADE Working
Group [39].

All analyses were performed using R Statistical Software (v4.3.1;
R Core Team 2023) [40]. Specifically, a meta-analysis with ro-
bust variance estimation was conducted using the robumeta R
package (v2.1) [41] and the funnel plot was created using the
metafor R package (v4.4.0) [42]. The level of confidence was re-
ported at 95%.

3 | Results

The search strategy returned 13098 studies. After full-text
screening, 20 studies [23, 43-61] with a total number of 170679

participants were included. The flowchart of the search process
is shown in Figure 1. The characteristics and the quality of the
included studies are summarised in Table S2.

3.1 | Characteristics of Included Studies

Of the 20 included studies, 15 (75%) were cross-sectional and 5
(25%) were cohort studies. Two cohort studies performed cross-
sectional data analysis.

Sixteen studies (80%) were conducted in very highly developed
countries (the human development index (HDI) [62] > 0.800) (7
inJapan, 3in the USA, 3 in Sweden and Norway, 1 in Denmark,
1 in the UK and 1 in Korea); 3 studies (15%) in a highly devel-
oped country (HDI 0.700-0.799) (China) and 1 study (5%) in a
country with medium development (HDI 0.550-0.699) (India).

Nineteen studies (95%) were conducted among community-
dwelling older adults and had no criteria to exclude individuals
with certain comorbidities; 1 study (5%) among institutionalised
older adults with criteria to exclude ones with obvious signs of
cognitive impairment.

Twelve studies (60%) had data exclusive to structural measures
of social relationships, 1 study (5%) exclusive to functional mea-
sures, 6 studies (30%) both structural and functional measures
and 1 study (5%) both structural and combined measures. Based
on the definitions of the types and subtypes of social relation-
ships [15], perceptions of loneliness were coded as a functional
measure. Seventeen studies (85%) assessed individual-level so-
cial relationships and three studies (15%) assessed both individ-
ual- and community-level social relationships. All the measures
were assessed by interviewing participants or self-administered
questionnaires. Table S2 provides the type and level of measures
used to assess social relationships and the descriptions of expo-
sure assessments.

Nine studies (45%) assessed the number of remaining teeth
as an outcome of interest, 6 studies (30%) edentulism, 2
studies (10%) presence of missing teeth, 1 study (5%) both
edentulism and the number of missing teeth and 2 studies
(10%) loss of remaining teeth during the follow-up. The out-
come measures were assessed by interviewing participants
or self-administered questionnaires in 14 studies (70%, 10
cross-sectional and 4 cohort studies) and by clinical oral ex-
aminations in 6 studies (30%, 5 cross-sectional and 1 cohort
studies).

A total of 89 association estimates were obtained across the
included studies (61 ORs, 9 prevalence ratios, 7 regression co-
efficients, 8 mean differences and 4 proportions). Of these, 35 es-
timates (39%) found weak social relationships were significantly
associated with having a lower number of teeth or edentulism,
1 estimate (1%) found the opposite association, and 53 estimates
(60%) found no significant association.

Nineteen studies (95%) controlled for participants’ socio-
economic factors including educational and occupational back-
ground, income and race/ethnicity (16 used more than one
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Studies from databases (n = 13091)
Web of Science (n = 5640)
PubMed (n = 2738)

CINAHL (n = 2543)
Embase (n = 2132)

Cochrane Reviews (n = 38)

References from citation searching
(n=7)

Identification

4

Duplicates removed (n = 2556)

Screening

Studies sciesned (@=18842) —> Studies excluded (n = 10407)
(Title and abstract)
Studies assessed for eligibility (7 = 135) [~} Studies excluded (n = 115)
- No older adults aged 60+ (n = 30)

Eligibility

\ 4

- No social relationship assessment as
exposure (n = 30)

- No outcome of interest for this review
(n = 49)

- No quantitative analysis (n = 5)

- Study protocol (n = 1)

(n=20)

Studies included in qualitative synthesis

k]
[
k-]
S
©
i<

v

(n=12)

Studies included in quantitative synthesis

FIGURE1 | Search process (PRISMA flow diagram).

socio-economic factor; three only one); 1 study (5%) did not con-
trol for participants’ socioeconomic factors.

Seventeen studies (85%) were deemed to be high quality (NOS
>7), 2 studies (10%) moderate quality (4-6) and 1 study (5%) low
quality (<3).

3.2 | Quantitative Data Synthesis

Meta-analysis with robust variance estimation was performed
for 12 studies (125553 participants) reporting 60 ORs together
with corresponding 95% Cls [23, 43-45, 47, 51-53, 57-60]. The
average association estimate was OR=1.15 (95% CI=1.01-1.32)
(degrees of freedom=9.16, p=0.04), which indicated a 15%
higher likelihood of having a lower number of teeth or edentu-
lism for those with weaker social relationships (Figure 2). The
sensitivity analysis showed that the average association esti-
mates were robust to different values of the assumed within-
study correlation between effect sizes.

3.3 | Omnibus Evaluation

While heterogeneity among the observed ORs was found to be
substantial (I>=77.18%, t>=0.03) [37], subgroup analyses or
meta-regression to explore the heterogeneity were not possible
due to uneven distribution of potential covariates across the
studies and a lack of a substantial number of studies (at least 40
studies) to conduct meta-regression with robust variance esti-
mates [35, 63]. For these reasons, a visual inspection of scatter
plots of the ORs against each of study-level possible covariates
were conducted. Given the findings of previous studies [64, 65],
participants’ average age, the type of evaluation of social rela-
tionships (structural, functional, and combined), outcomes
measures, methodology (design, quality) [66], and the HDI were
considered possible covariates. As a result of visual inspection,
the odds of having a lower number of teeth or edentulism in
community-dwelling older adults with weak than strong social
relationships appeared to be higher in countries with high than
low HDI, as well as in younger than older age groups. Since
only one of the included studies involved institutionalised older
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Studies Odds Ratio

Aida et al., 2009 !
Structural - 0.88 (0.72, 1.07)
Structural |- 1.45 (1.21, 1.73)
Structural 1.08 (0.84, 1.39)
Structural 1.25(1.03, 1.52)

Aida et al., 2011
Structural
Structural
Structural
Structural
Structural
Structural
Structural
Structural
Functional
Functional

0.97, 1.19)
1.02, 1.22)
0.97, 1.23)
0.99, 1.30)
0.89, 1.10)
0.94, 1.16)
0.82, 1.03)
1.04, 1.30)
0.94, 1.13)
0.92, 1.10)

Aida et al., 2016
Structural
Structural
Structural
Structural

1.05 (1.02, 1.08)
1.05 (0.91, 1.22)
0.96 (0.82, 1.12)
0.84 (0.69, 1.02)
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Astrom et al., 2015
Structural
Structural
Structural
Structural

(1.26, 2.23)
(1.27, 2.04)
(1.49, 2.14)
(1.28, 1.90)
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1.67
1.61
1.79
1.56

Giilcan et al., 2015
Structural
Structural
Structural
Structural
Structural
Structural
Structural
Structural
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Koyama et al., 2016
Structural
Structural
Structural
Structural
Structural
Structural
Structural
Structural
Functional
Functional
Functional
Combined

1.01 (0.93, 1.11)
0.94 (0.87, 1.02)
1.04 (0.94, 1.15)
1.08 (1.01, 1.14)
0.95 (0.89, 1.02)
1.12 (0.95, 1.33)
1.12 (0.96, 1.32)
0.88 (0.75, 1.04)
1.02 (0.95, 1.11)
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McGrath et al., 2002
Structural

2

1.52 (1.12, 2.07)

Neethu et al., 2023
Structural
Combined

2.82 (1.01, 8.15)
3.59(1.23, 10.51)

Takeuchi et al., 2013
Structural
Structural
Structural
Structural
Structural
Structural
Structural
Structural

(
(
(0.76,
(0.58,
(
(
(

0.65, 1

5
5
6
3
4
1.6
4
(1.05,1.76,

3
8
1
6
8
9
7
)

Tsakos et al., 2013
Structural
Structural
Functional
Functional

1.02 (0.78, 1.34)
0.99 (0.87, 1.12)
1.02 (0.84, 1.22)
0.98 (0.86, 1.12)

Wu et al., 2011
Structural 1.04 (0.86, 1.25)
Xu et al., 2021
Structural
Structural

0.23 (0.07, 0.72)
0.76 (0.32, 1.78)

-¢+++MH\H|

1.15 (1.01, 1.32)

[ T T
0.05 0.14 037

Total ‘o
I
1 2.72 7.39 20.09 (log scale)

Decreased odds of tooth loss €— —> Increased odds of tooth loss

FIGURE 2 | Association between social relationships and tooth loss.
Forest plot presents studies comparing the prevalence of a lower number
of remaining teeth or edentulism in older adults with weak compared
with strong social relationships. Point estimates of individual odds ratios
are plotted as boxes with areas proportional to the weight assigned to
that odds ratio and two-sided 95% confidence intervals are plotted along
with each box. The average odds ratio from meta-analysis with robust
variance estimation is shown at the bottom of the plot as a diamond with
width equivalent to the confidence interval for the estimated association.

adults, no relevant observations could be made for the institu-
tionalised (Figure S1).

The risk of publication bias or small study effects was not evi-
dent in the visual inspection for asymmetry of the funnel plot
(Figure S2). Again, statistical analyses including Egger's regres-
sion intercept test [67] were impossible due to an insufficient
number of studies (again, at least 40 studies are needed).

The grading of the certainty of a body of evidence involves con-
sideration of the five domains that may decrease the level of
certainty (risk of bias, inconsistency, indirectness of evidence,
imprecision of the effect estimates and risk of publication bias)
as well as the three domains that may increase confidence in the
effect estimate (large effects, dose-response and opposing plau-
sible residual bias and confounding) [39]. The grading approach
found the evidence level to be low, with no downgrading and no
upgrading performed.

4 | Discussion

To our knowledge, this is the first systematic review exam-
ining whether social relationships are associated with tooth
loss among older adults. The quantitative data synthesis found
weaker social relationships to be associated with a greater risk
of having a lower number of remaining teeth or edentulism
in adults over 60years of age, although the estimated associ-
ation was weak. Most studies included community-dwelling
older adults, used cross-sectional data, involved heteroge-
neous exposure (i.e., structural, functional and combined
(structural and functional) social relationships at individual
and community levels) and outcome assessments (number
of remaining teeth, edentulism) and were conducted in very
highly developed countries. Although most findings were at
low risk of bias, the certainty of the available evidence was
graded as low mainly due to the majority of study being cross-
sectional, the lack of detected large effects and/or dose-re-
sponse relationships.

Poor oral health is common among older adults [68] and older
adults often reported oral health-related concerns including
oral pain, eating problems and oral discomfort [69]. However,
reduced mobility and transportation difficulties with ageing
are substantial barriers to performing oral hygiene practices
and dental service availability or use [70]. In this context, older
people with weak social relationships are likely to receive less
tangible support to deal with the oral health problems, which
leads to an accumulation of untreated dental conditions or a
late-stage disease diagnosis, and thus a poor prognosis [19], as
well as to psychological distress that may lower immune compe-
tence to oral bacteria [18] and bring about health-compromising
behaviours such as tobacco use and the consumptions of sugar-
rich comfort food and beverages [71]. Among institutionalised
older adults, performing oral hygiene practices and visiting den-
tists are even more problematic than those in other settings, due
to impairment in daily functioning [72] and fully depending on
caretakers to organise oral (self) care [73]. Therefore, institution-
alised older adults might be particularly vulnerable to develop-
ing poor oral health in a short period of time [74]. Additionally,
given that older adults in institutionalised settings are basically
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in need of tailored support in developing and maintaining their
social relationships, an underlying explanation for the associa-
tion in institutionalised older adults might be different from that
in community-dwelling older adults.

Given a possible association between socio-economic status
(SES) and social relationships [75], a cost barrier to dental care
may be another explanation for the observed link. Treatment
costs and restrictions in public funding for adult dental ser-
vices add to the challenge of accessing care, especially for
older adults experiencing poor social relationships and socio-
economic conditions [76]. The consequent lower dental service
use in older ages may also result in worse dental and/or oral
conditions.

The findings of this review may partly reflect the reverse di-
rectional associations, that is, the effect of tooth loss on social
relationships. Previous cross-sectional and cohort studies found
that having a lower number of teeth or edentulism negatively af-
fects social relationships among older adults [77-79]. The plau-
sibility of this association has been explained mainly through
the social roles of teeth, including smiling, speaking, eating and
maintaining facial aesthetics [80]. Therefore, tooth loss would
reduce or hinder the social roles involved with teeth, resulting
in reduced social connectedness and participation in social ac-
tivities. However, a cohort study examining bi-directional lon-
gitudinal associations between individuals’ social relationships
and oral health measures among adults aged 50years and over
suggested that the direction of the association from weak so-
cial relationships to poor oral health is more plausible than oral
health as a determinant of social relationships [81]. In contrast,
another bi-directional exploratory cohort study among adults
aged 65+ found the opposite plausibility [82]. Still, there is a lack
of evidence to identify which direction is dominant or whether
both directions are equivalent. Future research needs to explore
the mechanisms that link social relationships and oral health
measures.

Thisreview was conducted on observational studies mostly using
cross-sectional data. While possible confounders, including par-
ticipants’ SES (e.g., educational and occupational background,
income), demographics, and general conditions, were controlled
in most of the cross-sectional studies, residual confounding may
remain due to additional confounders that were not considered.
Participants’ SES in earlier life may explain part of the observed
association since accumulating evidence suggests earlier-life
socio-economic disadvantage is associated with both poor social
relationships and tooth loss in later adulthood [83-85]. Applying
graphical models such as causal-directed acyclic graphs would
be useful to identify and control residual confounders [86] as
well as to improve cross-sectional approaches. To understand
the presented association, a need remains for further longitu-
dinal studies with follow-up long enough for oral health out-
comes to occur, in countries or areas with various degrees of
development, and with methodological procedures allowing for
examining dose-response relationships. To strengthen the ev-
idence base, future research would need efforts to harmonise
measures, assess social relationships and tooth loss and stan-
dardise methods for data analysis and reporting of effect size.
Additionally, interventions to increase social relationships may
also need to be studied to explore the impact, cost-effectiveness,

feasibility and sustainability on older adults’ oral health and to
understand how the interventions work in various contexts and
social groups [87].

4.1 | Strengths and Limitations

The review covered the whole spectrum of social relationships
and tooth loss conditions for the high number of participants
and primarily included high-quality studies. Additionally, ro-
bust variance estimation was used in the meta-analysis, which
allowed for the inclusion of dependent effect size estimates orig-
inating from the same study, that is, using this approach, it is
not necessary to collect only one effect size estimate from po-
tentially multiple per study. Thus, the findings of the review are
likely to provide a comprehensive understanding of the associa-
tion with precision of the estimate.

In a social determinants framework for oral diseases, social rela-
tionships are part of intermediary drivers, intervening between
structural (e.g., socio-economic, political) and proximal (be-
havioural, biological) determinants [88]. Although oral health-
care and clinical preventive approaches to address the proximal
determinants have been primarily implemented, a need remains
for integrated approaches targeting and modifying the interme-
diary drivers including social relationships, shared between
oral diseases and other non-communicable diseases [19]. From
perspectives of public health practice and policy, our findings
may provide some insights into how to address older adults’
oral diseases that disproportionately affect poorer and socio-
economically disadvantaged groups in society, being linked to
broader social determinants.

The review has several limitations. First, it was based on English
language publications only. This language restriction might have
introduced selection bias. Second, only the differences between
the lowest and highest social relationships were assessed, which
mostly does not reflect the “true” range of difference as well as
does not allow estimating the gradient of difference [64]. Third,
studies focusing on older adults with certain conditions including
dementia and psychomotor disorders were excluded from the re-
view because of their potential to modify the association between
social relationships and tooth loss. Thus, the observed associa-
tion cannot be directly applied to those populations, leaving a
need for further research. Fourth, tooth loss status in older adults
may well reflect their health behaviour including prior dental
treatment history (i.e., when and where they received dental care
and what dental treatment options were available or affordable
to them at that time), cultural background (e.g., cultural context
of sugars consumption behaviour), and health policy (e.g., policy
on community water fluoridation) throughout life course. Thus,
it should be noted that the association between social relation-
ships and tooth loss may vary across countries, race/ethnicity
and time periods studied. Also, oral health measures other than
tooth loss, including oral hygiene status and dental attendance,
still need to be studied as outcomes relevant to older adults’ so-
cial relationships. Fifth, it was not possible to perform a meta-
analysis for all the obtained association estimates because the
transformation of different effect estimates was not allowed due
to the lack of primary data. However, this would not significantly
change the findings of quantitative synthesis since the precluded
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data primarily indicated the direction of effect consistent with
data included in the synthesis. Sixth, a substantial heterogeneity
was found in the meta-analysis, but potential causes of the het-
erogeneity were not investigated with statistical means mainly
due to a lack of sufficient number of studies. In terms of social
relationships, structural, functional and combined measures
were used for the evaluation. Given the structural and functional
components are only moderately correlated, typically ranging
between 0.20 and 0.30 of a correlation coefficien [12, 89] and
each may influence health in different ways [13, 90], different
components of social relationships may be a potential cause of
the observed heterogeneity. Additionally, multilevel social rela-
tionships consisting of individual and community levels were
included. Considering individual-level social relationships may
mediate the association between community-level social rela-
tionships and oral health [44], the different levels of social rela-
tionships may act as another potential cause of the heterogeneity.
It is presently unclear which aspect of social relationships is more
associated with tooth loss. As for tooth loss status, edentulism
and lower number of remaining teeth were used for the evalua-
tion. Given that distinct conditions of tooth loss may be included
especially when smaller number of missing teeth is involved, the
mixture of tooth loss measures in the meta-analysis may also
cause heterogeneity. Taken together, potential moderators of the
association estimates still need to be explored. Seventh, statisti-
cal tests for funnel plot asymmetry were not implemented due to
an insufficient number of studies included in the meta-analysis.
Although the contour-enhanced funnel plot we used may aid vi-
sual interpretation of the asymmetry, a concern remains that it is
inherently subjective [91]. Subsequent tests could add objective
evidence on the presence of asymmetry, and if asymmetry had
been detected, the possible sources (e.g., publication bias or small
study effects, poor methodological quality) would have been dis-
cussed. Last, the certainty of the body of evidence was graded to
be low. In the GRADE approach, a body of evidence from non-
randomised studies of interventions including observational
studies begins with a low-certainty rating and subsequently grad-
ing using the five domains lowering and the three domains rais-
ing the level of certainty applied. Assessments of each domain
resulted in neither downgrading nor upgrading, which yielded a
low rating for certainty of evidence. Since evidence levels based
on observational studies are generally never identical to those
from randomised trials due to the potential bias induced by the
lack of randomisation (i.e., confounding and selection bias) [39],
the outcomes of this study require careful interpretation.

5 | Conclusions

In conclusion, there is an association between weaker so-
cial relationships and a greater risk of tooth loss among older
adults. Although the estimated association is weak, our findings
strengthen the current evidence that social relationships are a
factor that prevents tooth loss among older adults. In addition,
the findings informed potential public health approaches that
target and modify social relationships to address older adults’
oral diseases. Since social relationships are major contributors
to older adults’ health and well-being, the efforts to improve
social relationships may be shared in a broader health context.
On the other hand, the available evidence highlighted a need for
further studies to address a gap in evidence of the direction of

the association between tooth loss to weak social relationships
and the underlying mechanisms connecting social relationships
and tooth loss.
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