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Abstract: Objectives: Lower
socioeconomic status (SES) is
associated with increased dental

pain among children. Lower SES in
childhood may also contribute to the
experience of dental pain among older
adults, regardless of the SES in later
life. However, this association is still
unclear.

Methods: We used cross-

sectional data from the 2019 Japan
Gerontological Evaluation Study using
self-administrated questionnaires

lo investigate the causal mediating
pathways between childhood SES and
dental pain in later life using several
SES variables collected at older age as
potential mediators. A total of 21,212
Dphysically and cognitively independent
participants aged 65 y or older

were included in the analysis. The
dependent variable was experiencing
dental pain during the past 6 mo.

The independent variable was the SES
at the age of 15 y (low/middle/bigh).
Ten covariates were selected covering

. T. Kusama®°'2 | S. Kiuchi®¢

demographics and other domains.
Education, subjective current income,
objective current income, objective
current property ownership, and the
number of remaining teeth were used
as mediators. Prevalence ratios (PRs)
and 95% confidence intervals (95%
CIs) for dental pain by childhood SES
were calculated using a modified
Poisson regression model.

Results: The mean age of the study
participants was 74.5+ 6.2y, and
47.5% were men. Of these, 6,222
participants (29.3%) experienced
dental pain during the past 6 mo, and
8,537 participants (40.2%) were of low
childbhood SES. Adjusted for covariates
and mediators, the participants with
middle and bigh childbhood SES had

a lower PR of dental pain (PR = 0.93
[95%, CI 0.89-0.98], PR = 0.79 [95%
CI, 0.73-0.85], respectively). Almost
40% of the association between
childbhood SES and dental pain at older
age was mediated via SES in later life
and the number of teeth.

, H. Abbas®’, K. Osaka®,

Conclusions: This study
reemphasizes the importance of
support for early-life SES to maintain

Javorable oral bhealth outcomes at an

older age.

Knowledge Transfer Statement: 7he
results of this study can be used by
policymakers to promote policies based
on a life-course approach that supports
children living in communities with
low SES and belps them maintain

Javorable oral bealth outcomes into

their older age.

Keywords: life-course approach,
inequality, socioeconomic factors, facial
pain, geriatrics, observational study

Introduction

Dental pain is a significant public
health issue as it causes distress and
negatively impacts the quality of life
(Santos et al. 2019). Additionally, dental
pain can lead to absence from work
(Zaitsu et al. 2020) or school (Seirawan
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et al. 2012) and can affect other physical

and social activities (Santiago et al. 2013).

Previous studies have shown that dental
pain was associated with various factors,
such as current socioeconomic status
(SES) (Kuhnen et al. 2009), mental health
status (Kakoei et al. 2013), smoking
(Kuhnen et al. 2009), social networks
(Santiago et al. 2013), and dental visits
(Kuhnen et al. 2009; Kakoei et al. 2013).

Early-life SES has been shown to
negatively impact oral health in later
life stages, with childhood SES linked to
various oral health conditions in older
adults, such as caries (Teixeira et al.
2019), periodontal disease (Thomson
et al. 2004), few remaining teeth (Listl
et al. 2018; Yamamoto-Kuramoto
et al. 2023), and tooth loss (Astrom et al.
2021; Celeste et al. 2022). Therefore, it is
likely that SES in childhood may have an
impact on dental pain in older adults, an
outcome that represents a current and/or
recent oral condition.

Based on previous observational
studies, it may be hypothesized that
childhood SES might influence dental
pain in later life by affecting subsequent
SES (Seirawan et al. 2012) or increasing
untreated dental disease (Teixeira et al.
2019; Thomson et al. 2004). However,
less is known of associations between
early-life stage conditions and dental
pain in later life, and the underlying
mechanisms are unclear.

This study aimed to determine the
association between childhood SES and
dental pain in Japanese community-
dwelling older adults. Exploring whether
childhood SES predicts dental pain in
older adults allows us to understand
how early-life SES inequalities currently
affect oral health among older adults.
This attempt may provide a foundational
insight for determining dental public
health policies addressing inequalities
and poverty.

Methods
Study Setting and Participants

We used data from the Japan
Gerontological Evaluation Study (JAGES)
survey conducted from December

2019 to January 2020, a nationwide
survey focusing on aging and social
determinants of health. The target
population was 345,350 participants aged
065 y or older living in 64 municipalities
across Japan who were physically and
cognitively independent. This cross-
sectional survey was conducted via a
self-administered questionnaire sent by
mail. The total number of respondents to
this survey was 240,889 (response rate:
09.8%). The questionnaire used in the
study consisted of a main questionnaire
sent to all participants and 8 subsidiary
questionnaires randomly assigned to
some of the targeted participants. One-
eighth (24,353 participants) of the
targeted participants were sent the
subsidiary questionnaire that contained
questions related to oral health, including
dental pain and dental visits. Overall,
21,212 participants were included in the
analysis after the exclusion of those who
did not answer the question about dental
pain and those who were edentulous.
This study followed the reporting
requirements of the Strengthening the
Reporting of Observational Studies in
Epidemiology (STROBE) statement.

Dependent Variable

Dental pain was used as the dependent
variable. Dental pain was measured
using the following question: “Have you
had any dental pain within the past 6
months?” Response options were: “1.
Never, 2. Hardly ever, 3. Occasionally,

4. Fairy often, and 5. Very often.” Dental
pain was dichotomized as “no (1 and 2)”
and “yes (3 to 5)”

Independent Variable

Childhood SES was used as the
independent variable. Information about
childhood SES was gathered using the
following question: “How would you
rate your socioeconomic status when
you were aged 15 years, compared with
standards at that time?” Response options
were: “1. Low, 2. Middle-low, 3. Middle,
4. Middle-high, and 5 High.” Childhood
SES was categorized into 3 categories:
“Low (1 and 2),” “Middle (3),” and “High
(4 and 5).

Month 2024

Covariates

A directed acyclic graph (DAG) is
shown in Appendix Figure 1. Several
variables were used as covariates: sex,
age, smoking, marital status, frequency of
meeting friends, psychological distress,
self-rated health, denture use, dental
visit for treatment, and dental visits
for prevention. The categories of each
variable were as follows: sex (men,
women), age (65-69, 70-74, 75-79, 80~
84, over 85), smoking (never, quit, and
yes), marital status (married, except for
married), frequency of meeting friends
(twice a week, 1/wk or 1/mo, and never),
psychological distress (none, moderate,
and severe), self-rated health (good, bad),
denture use (no, yes), dental visit for
treatment (within 1y, within 1 to 3y, and
never), and dental visit for prevention
(within 1y, within 1 to 3 y, and never).

Mediators

Five variables were used as mediators:
education, subjective current income,
objective current income, objective
current property ownership, and the
number of remaining teeth. The number
of remaining teeth was used as a proxy
for the cumulative oral diseases across
the life course (Kotronia et al. 2021).
Objective current income was collected
as a continuous variable but was
recategorized into tertiles.

The categories of each variable were
as follows: education (under 9y, 9-12y,
or over 12 y), subjective current income
(low, middle, or high), objective current
income (low, middle, or high), objective
current property ownership (low,
middle, middle-high, or high), and the
number of remaining teeth (20 or more,
9-5, and 4-1). In mediation analysis,
we used these mediators as binary
variables (education [under 12/over
12 y], subjective current income [low
and high (middle and high)], objective
current income [low and high (middle
and high)], objective current property
ownership [low and high (middle,
middle-high, and high)], and the number
of remaining teeth (20 or more and <20
(19-10, 9-5, and 4-1).
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Statistical Analyses

First, a modified Poisson regression
model was performed to investigate the
association between childhood SES and
dental pain. We calculated the prevalence
ratio (PR) and 95% confidence intervals
(CIs) for dental pain. Model 1 was
adjusted for sex and age. Model 2 was
adjusted for sex, age, and education.
Model 3 was adjusted for sex, age,
and 4 SES variables. In model 4, all 15
variables were included in the model.
Additionally, we calculated the E-value to
check the robustness of the main analysis
considering the unmeasured confounding
factors. Next, we conducted a mediation
analysis to estimate the proportion of the
direct effect of childhood SES on dental
pain. To ensure comparability with the
results of Poisson regression analysis, we
selected the “paramed” Stata package that
allows Poisson regression to be specified.
Due to the programmed methods of
this mediation analysis command, the
binary mediators (education, subjective
current income, objective current income,
objective current property ownership,
and the number of remaining teeth)
were used. Each mediator was included
in the model one at a time to avoid
multicollinearity.

We conducted the 6 sensitivity analyses
to check the consistency of the results.
First, we conducted a Poisson regression
analysis using the SES trajectory from
childhood to older age as an explanatory
variable. The SES trajectory was
categorized into 6 groups based on the
probable change from childhood SES to
subjective SES in older age as follows:
persistent low, upward mobility from
low, downward mobility from middle/
high, persistent middle, upward mobility
from middle, and persistent high. Second,
based on a previous study (Celeste and
Fritzell 2018), we hypothesized that the
impact of the SES trajectory on dental
pain is higher at younger ages. We
examined the impact of the interaction
between current age categories and the
SES trajectory categories on dental pain.
Third, we conducted an ordered logistic
regression, treating the options for dental

pain as a 5-level variable. Fourth, we
defined the presence of dental pain using
a different cutoff value. Dental pain was
dichotomized into 1 (never, hardly ever,
and occasionally) and 2 (fairly often

and very often). We conducted a logistic
regression as the prevalence of dental pain
was 5.6%. Fifth, since a relatively large
number of respondents to childhood SES
indicated “middle to low,” we reclassified
childhood SES into 4 categories—"low
(1, middle to low (2), middle (3), high
(4)’—and conducted a Poisson regression
analysis. Finally, among the covariates,
several variables other than sex and age
were considered potential effect modifiers:
smoking, marital status, frequency of
meeting friends, psychological distress,
self-rated health, denture use, dental

visits for treatment, and dental visits for
prevention. Therefore, we conducted the
mediation analysis with adjustments for
only sex and age as covariates.

To address the potential bias due to
missing data, we conducted multiple
imputation to generate 20 imputed data
sets, and the final estimates were pooled
using Rubins rules (van Buuren 2018).
All analyses were performed using Stata
software (version 10.1; StataCorp LP).
The threshold for significance was set at
P < .05, 2-tailed.

Ethics Approval and
Consent to Participate

Ethical approval for the JAGES was
obtained from the Ethics Committee of
the National Center for Geriatrics and
Gerontology (approval number: 992-3)
and Chiba University (approval number:
2493).

The following 3 points were stated in
the survey questionnaire: 1) Participation
in this study is voluntary. 2) Returning
the answered questionnaire is regarded
as consent to participate in the study. 3)
Respondents can withdraw their consent
even after returning the answered
questionnaire without repercussions.

Results

Figure 1 shows the flowchart of the
participants in this survey. Of the 24,353
participants who received the oral

Childhood SES Affects Dental Pain in Later Life

health subsidiary questionnaire, those
who did not respond to the question
about dental pain (7 = 1,695) and those
who were edentulous (n = 1,446) were
excluded from the analysis. Overall,
21,212 participants were included for the
analysis. The characteristics of the study
participants are shown in Table 1. The
mean * standard deviation age was 74.5
+6.2'y, and 47.9% were men. Of these,
0,222 participants (29.3%) experienced
dental pain during the past 6 mo. Among
the participants, 8,537 (40.2%) were of
low, 9,811 (46.3%) were of middle, and
2,804 (13.5%) were of high childhood SES.

The results of the modified Poisson
regression model are shown in Table 2.
In model 1, the sex- and age-adjusted
model, the participants with middle
and high childhood SES had lower PR
for dental pain than participants with
low childhood SES as the reference
group (middle PR = 0.87 [95% CI, 0.83—
0.91], high PR = 0.72 [95% CI, 0.67—
0.78D. A similar pattern was observed
in model 2 adjusted for sex, age, and
education (middle PR = 0.88 [95% ClI,
0.84-0.92], high PR = 0.74 [95% CI, 0.68
0.80D. This pattern was also observed
in model 3, adjusted for sex, age, and
4 SES variables (middle PR = 0.90 [95%
CI, 0.86-0.95], high PR = 0.76 [95%

CI, 0.70-0.83)), as well as in model 4,
adjusted for all variables (middle PR =
0.93 [95% CI, 0.89-0.98], high PR = 0.79
[95% CI, 0.73-0.85]). Additionally, for
model 4, the point estimates of E-value
about childhood SES (middle and high)
were 1.36 and 1.85, respectively. The
magnitude and direction of the sensitivity
analyses were similar to those of the
main analyses (shown in Appendix
Tables 1 and 4-7).

The results of the mediation analysis
are shown in Table 3. Of the 4 variables
considered as mediators for the
association between childhood SES and
dental pain, all the natural direct effects
were statistically significant: education
(PR =0.79; 95% CI, 0.73-0.85), subjective
current income (PR = 0.78; 95% CI,
0.73-0.85), objective current income
(PR = 0.79; 95% CI, 0.73-0.85), objective
current property ownership (PR = 0.79;
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Figure 1. The flowchart of this study.

Target population in the survey
(n=345,356)

Month 2024

‘ Non-respondents (n=104,467) ‘

Respondents
(Response rate 69.8%)

(n=240,889)

Respondents who did not receive the
oral health subsidiary questionnaire
(n=216,536)

Respondents who received the oral health
subsidiary questio

nnaire (n=24,353)

Those who did not answer the question
about dental pain (n=1,695)

} Those who were edentulous (n=1446) ‘

| Study participants (n=21,212) |

95% CI, 0.73-0.85), and the number

of remaining teeth (PR = 0.80; 95% CI,
0.74-0.86). The natural indirect effect of
subjective current income and number
of remaining teeth were statistically
significant: natural indirect effect of
education (PR = 0.97; 95% CI, 0.94-1.01),
subjective current income (PR = 0.97,
95% CI, 0.95-0.99), objective current
income (PR = 0.99; 95% CI, 0.97-1.001),
objective current property ownership
(PR = 0.99; 95% CI, 0.97-1.01), and the
number of remaining teeth (PR = 0.80;
95% CI, 0.74-0.80). The proportion of
mediation was calculated using the
estimates of both natural direct effect
and natural indirect effect. The total
proportion mediated by education was
11.8%, subjective current income was
12.7%, objective current income was 6.1%,
objective current property ownership
was 5.1%, and the number of remaining
teeth was 4.1%. Therefore, subsequent
SES and the number of remaining teeth
explained up to 39.8% of the impact of
childhood SES on dental pain in older
age (Fig. 2).

Discussion

To the best of our knowledge, this is
the first study to show that childhood

SES was associated with the prevalence
of dental pain among older adults. Our
findings are consistent with previous
findings that investigated the association
between childhood SES and resembling
cumulative oral health indicators in
older adults such as the number of
remaining teeth (Listl et al. 2018) and
tooth loss (Astrgm et al. 2021). Moreover,
our findings indirectly suggested the
existence of other mechanisms than

the current SES mechanism for the
association between childhood SES and
dental pain. First, the point estimates of
childhood SES on dental pain are still
robust after adjusting for the current SES
in the model (Table 2, model 3), and
the E-values were 1.36 (for middle SES)
and 1.85 (for high SES). Our model may
be robust even in the presence of an
unmeasured confounder. Second, the
proportion of the impact of childhood
SES on dental pain that is mediated
through either subsequent SES or the
current number of remaining teeth was
about 40% (Table 3, Fig. 2). A previous
study suggested the impact of childhood
SES on the number of remaining teeth
in older adults, and education mediated
nearly 80% of the relationship between
the two (Yamamoto-Kuramoto et al.
2023). The magnitude of this mediating

effect of SES in adulthood and older

age differs from the results of our study
focusing on dental pain. Third, our
analysis showed that even after adjusting
for the number of remaining teeth as a
proxy for cumulative oral diseases across
the life course, the point estimates for
the impact of childhood SES on dental
pain in older adults remained largely
unchanged. Additionally, the pathway
through which childhood SES affects
dental pain in older adults via the
number of remaining teeth accounted
for 4.1% of the total effect. The series of
results suggest the possibility of specific
pathways between childhood SES and
dental pain in older adults.

Based on previous observational
studies, 1 mechanism that may explain
the association between low childhood
SES and dental pain in older age can
be considered. Low SES at childhood
was associated with children’s poor oral
health status, including dental pain and
caries (Nomura et al. 2004). Also, low
childhood SES was associated with
fewer dental visits (Da Silva et al. 2011).
Refraining from dental visits accumulates
untreated oral diseases and increases
their severity, which prolongs the
duration of dental visits for treatment
and leads to more dental pain and loss
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Table 1.
Characteristics of Study Participants (n=21,212).

Childhood SES (Total n = 21,212)

Total Low (n=8,537) Middle (n=9,811) High (n=2,864)
Characteristic n n (%) n (%) n (%)
Dental pain No 14,990 5,724 (38.2) 7,064 (47.1) 2,202 (14.7)
Yes 6,222 2,813 (45.2) 2,747 (44.2) 662 (10.6)
Education, y Under 9 5,139 2,974 (57.9) 1,855 (36.1) 310 (6.0)
9-12 9,383 3,711 (39.6) 4,658 (49.6) 1,014 (10.8)
Over 12 6,690 1,852 (27.7) 3,298 (49.3) 1,540 (23.0)
Subjective current income Low 5,467 2,893 (52.9) 1,970 (36.0) 604 (11.0)
Middle 12,468 4,719 (37.8) 6,322 (50.7) 1,427 (11.4)
High 3,277 925 (28.2) 1,519 (46.3) 833 (25.4)
Objective current income Low 7,310 3,424 (46.8) 3,116 (42.6) 770 (10.5)
Middle 6,998 2,822 (40.3) 3,329 (47.6) 847 (12.1)
High 6,904 2,291 (33.2) 3,366 (48.8) 1,247 (18.1)
Current property Low 5,904 2,891 (49.0) 2,471 (41.8) 542 (9.2)
Middle 3,719 1,660 (44.6) 1,677 (45.1) 382 (10.3)
Middle-high 8,768 3,206 (36.6) 4,326 (49.3) 1,236 (14.1)
High 2,821 780 (27.7) 1,337 (47.4) 704 (24.9)
Men 10,169 4,757 (46.8) 4,288 (42.2) 1,124 (11.0)
Women 11,043 3,780 (34.2) 5,523 (50.0) 1,740 (15.8)
65-69 5,339 2,130 (39.9) 2,549 (47.7) 660 (12.4)
70-74 6,280 2,512 (40.0) 2,877 (45.8) 891 (14.2)
75-79 5,194 2,178 (41.9) 2,353 (45.3) 663 (12.8)
80-84 2964 1164 (39.3) 1363 (46.0) 437 (14.7)
85< 1435 553 (38.6) 669 (46.6) 213 (14.8)
Smoking Never 12,615 4,595 (36.4) 6,150 (48.7) 1,870 (14.8)
Quit 6,538 3,026 (46.3) 2,777 (42.5) 735(11.2)
Yes 2,059 916 (44.5) 884 (43.0) 259 (12.6)
Marital status Except for married 5,607 2,212 (39.5) 2,576 (45.9) 819 (14.6)
Married 15,605 6,325 (40.5) 7,235 (46.4) 2,045 (13.1)
Frequency of meeting friends Twice a week 7,198 2,693 (37.4) 3,412 (47.4) 1,093 (15.2)
1/wk or 1/mo 7,881 3,025 (38.4) 3,730 (47.3) 1,126 (14.3)
Never 6,133 2,819 (46.0) 2,669 (43.5) 645 (10.5)
Psychological distress None 16,260 6,050 (37.2) 7,901 (48.6) 2,309 (14.2)
Moderate 3,820 1,848 (48.4) 1,530 (40.1) 442 (11.6)
Severe 1,132 639 (56.5) 380 (33.6) 113 (9.9)
Self-rated health Bad 2,867 1,377 (48.0) 1,149 (40.1) 341 (11.9)
Good 18,345 7,160 (39.0) 8,662 (47.2) 2,523 (13.8)
(continued)
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Table 1.
(continued)

Characteristic

Month 2024

Childhood SES (Total n=21,212)

Low (n=8,537) Middle (n=9,811) High (n = 2,864)

n (%)

n (%) n (%)

Number of remaining teeth 20 or more 12,574 4,818 (38.3) 5,931 (47.2) 1,825 (14.5)
19-10 4,874 2,043 (41.9) 2,218 (45.5) 613 (12.6)
9-5 2,194 942 (43.0) 985 (44.9) 267 (12.2)
4-1 1,570 734 (46.7) 677 (43.2) 159 (10.1)
Denture use No 11,491 4,470 (38.9) 5,372 (46.7) 1,649 (14.3)
Yes 9,721 4,067 (41.8) 4,439 (45.7) 1,215 (12.5)
Dental visit for treatment Within 1y 13,813 5,542 (40.1) 6,393 (46.3) 1,878 (13.6)
Within 1t0 3y 3,300 1,277 (38.7) 1,574 (47.7) 449 (13.6)
Never 4,099 1,718 (41.9) 1,844 (45.0) 537 (13.1)
Dental visit for regular checkup Within 1y 12,418 4,860 (39.1) 5,803 (46.7) 1,755 (14.1)
Within1t0 3y 2,331 939 (40.3) 1,079 (46.3) 313(13.5)
Never 6,463 2,738 (42.4) 2,929 (45.3) 796 (12.3)

The percentage in total (n, %) indicates the column ratio. The number and percentage of missing data for each variable among respondents who received the oral
health questionnaire (total n = 24,353): childhood SES (n = 1,404; 5.8%), education (7= 918; 3.8%), subjective current income (7= 1,083; 4.4%), objective current
income (n= 3,462; 14.2%), objective current property (n = 5,558; 22.8%), smoking (n = 641; 2.6%), marital status (n = 620; 2.5%), frequency of meeting friends
(n=758; 3.1%), psychological distress (n = 5,635; 23.1%), self-rated health (n=719; 3.0%), number of remaining teeth (n=1,147; 4.7%), denture use (n=1,012;
4.2%), dental visit for treatment (n=1,494; 6.1%), and dental visit for prevention (n=2,017; 8.3%).

SES, socioeconomic status.

of children’s educational opportunities
by absence from school (Seirawan et al.
2012), which may negatively affect the
SES in adulthood. In adulthood and later,
those who belonged to low childhood
SES groups had fewer dental visits than
those who belonged to high childhood
SES groups (Crocombe et al. 2011).
Dental visits for treatment lead to
absence from work, resulting in
economic loss (Zaitsu et al. 2020).
Additionally, worsening economic
conditions limit dental visits, which

is associated with the occurrence of
dental pain. A previous study reported
worsening economic conditions as a risk
factor for dental pain during the COVID-
19 pandemic (Matsuyama et al. 2021).
Also, the economic condition among
older adults influences their dental visits
(Hoshi-Harada et al. 2022) and tooth loss
(Cooray et al. 2021). This bidirectional
association between low SES and dental

pain may have contributed to poor oral
health throughout the life course.
Considering the results of our study,
while the possibility of pathways other
than mechanisms involving subsequent
SES was suggested, no previous study
has provided a clear mechanism
or sufficient evidence that low SES
in childhood directly causes dental
pain in older adults. Therefore, we
extended the scope of previous studies
focusing on general pain and explored
mechanisms by which childhood SES
affects dental pain in older age without
involving subsequent SES. The biological
programming model is a theory that
suggests early socioeconomic and
environmental exposures may have
enduring effects on health outcomes
(Barker and Osmond 19806). Several
previous studies suggested that low SES
in childhood increases vulnerability to
pain. Low SES in childhood adversely

affects later neurodevelopment
(Hackman and Farah 2009) and increases
the prevalence of musculoskeletal pain
(Palermo 2020; Summers et al. 2021). The
musculoskeletal pain itself also adversely
affects neurodevelopment. A previous
review article suggested that continuous
nociceptive stimulation may alter pain-
processing neural pathways, resulting
in long-term anatomical and functional
changes that increase vulnerability to
pain (Bhatt et al. 2020; Palermo 2020).
Adults with low SES also had lower pain
thresholds than adults with high SES
(Dorner et al. 2011). Just as childhood
SES is associated with the susceptibility
to pain, it may also influence the
susceptibility to dental pain in older
adults, independent of subsequent SES.
Another mechanism was also
previously suggested to negatively
influence neurodevelopment in
childhood. Those under chronic stress
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Table 2.

Association between Socioeconomic Status in Childhood and Dental Pain in Older Adults (n = 21,212).

Characteristic
Childhood SES
Reference: Low
Sex (Reference: men)
Age,y
Reference: 65-69

Education, y
Reference: Under 9
Subjective current income
Reference: Low
Objective current income
Reference: Low
Current property

Reference: Low

Smoking
Reference: Never
Marital status (Reference: married)
Frequency of meeting friends
Reference: Twice a week
Psychological distress

Reference: None

Self-rated health (Reference: good)

Number of remaining teeth

Reference: 20 or more

Denture use (Reference: no)
Dental visit for treatment
Reference: Within 1y

Dental visit for regular checkup

Reference: Within 1y

Childhood SES Affects Dental Pain in Later Life

PR (95% CI)
Model 1 Model 2 Model 3 Model 4
Middle 0.87 (0.83-0.91) 0.88 (0.84-0.92) 0.90 (0.86-0.95) 0.93 (0.89-0.98)
High 0.72 (0.67-0.78) 0.74 (0.68-0.80) | 0.76 (0.70-0.83) | 0.79 (0.73-0.85)
Women 0.83 (0.79-0.86) 0.82 (0.78-0.86) 0.82 (0.78-0.86) 0.87 (0.82-0.92)
70-74 0.98 (0.92-1.03) 0.97 (0.92-1.03) 0.97 (0.92-1.03) | 0.95 (0.89-1.003)
75-79 1.01 (0.95-1.07) 1.001 (0.94-1.06) 1.01 (0.95-1.07) 0.94 (0.88-0.997)
80-84 1.06 (0.98-1.13) 1.04 (0.97-1.12) 1.05(0.98-1.13) | 0.97 (0.90-1.04)
>85 0.99 (0.90-1.09) 0.97 (0.88-1.07) 0.995 (0.90-1.10) 0.89 (0.80-0.98)
9-12 0.98 (0.93-1.04) 1.01 (0.95-1.06) 1.02 (0.96-1.08)
Over 12 0.92 (0.87-0.98) 0.96 (0.90-1.03) 1.001 (0.94-1.07)
Middle 0.83 (0.79-0.88) | 0.91 (0.86-0.95)
High 0.74 (0.68-0.81) 0.83 (0.76-0.91)
Middle 0.96 (0.90-1.01) | 0.98 (0.93-1.04)
High 0.94 (0.88-0.997) 0.96 (0.90-1.03)
Middle 1.003 (0.94-1.08) 1.002 (0.94-1.07)
Middle-high 0.999 (0.94-1.07) | 1.003 (0.94-1.07)
High 1.04 (0.95-1.15) 1.06 (0.96-1.16)
Quit 1.07 (1.01-1.13)
Yes 1.16 (1.07-1.25)
Except for married 0.99 (0.94-1.05)
1/wk or 1/mo 1.05 (1.001-1.11)
Never 1.05 (0.998-1.11)
Moderate 1.25 (1.18-1.33)
Severe 1.40 (1.29-1.52)
Bad 1.28 (1.22-1.36)
19-10 1.26 (1.20-1.33)
9-5 1.28 (1.20-1.38)
41 1.05 (0.95-1.15)
Yes 1.07 (1.02-1.13)
Within 110 3y 0.60 (0.55-0.65)
Never 0.59 (0.54-0.63)
Within 110 3y 1,08 (0.98-1.19)
Never 1.11 (1.05-1.18)

Model 1: adjusted for sex and age; model 2: adjusted for sex, age, and education; model 3: adjusted for sex, age, education, subjective current income, objective
current income, and objective current property; model 4: adjusted for all variables. PR was estimated by a modified Poisson regression model with all variables
simultaneously entered into the model. Bold means P < 0.05.

Cl, confidence interval; PR, prevalence ratio; SES, socioeconomic status.
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Table 3.
Types and Proportions of the Mediation Effects of Potential Mediators for the Association between Childhood SES and Dental Pain.

PR (95% Cl)
Model 1 Model 2 Model 3 Model 4 Model 5
Mediator: Mediator: Mediator: Mediator:

Mediator: Subjective Objective Objective Number of

Education Current Income Current Income  Current Property  Remaining Teeth
Characteristic (Reference: <9)  (Reference: Low) (Reference: Low) (Reference: Low) (Reference: <20)
Natural direct effect 0.81 (0.75-0.88) 0.81 (0.75-0.87) 0.80 (0.74-0.87) 0.80 (0.74-0.87) 0.81 (0.75-0.87)
Natural indirect effect 0.97 (0.94-1.01) 0.97 (0.95-0.99) 0.99 (0.97-1.001) 0.99 (0.97-1.01) 0.99 (0.98-0.997)
Total effect 0.79 (0.73-0.85) 0.78 (0.73-0.85) 0.79 (0.73-0.85) 0.79 (0.73-0.85) 0.80 (0.74-0.86)
Proportion of mediation, % 11.8 12.7 6.1 5.1 41

Bold means P < 0.05. PR and 95% CI were estimated with all variables simultaneously entered into the model. Covariates in each model were sex, age, smoking,
marital status, frequency of meeting friends, psychological distress, self-rated health, denture use, dental visit for treatment, and dental visit for prevention. Total
effect (TE) was calculated using the equation as follows: 3 for TE = {3 for natural direct effect (NDE) + 3 for natural indirect effect (NIE). The proportion of mediation
was calculated using the equation as follows: Proportion of mediation (%) = (B for NIE) / (3 for NDE + 3 for NIE) * 100. The results of this mediation analysis on
dental pain compared participants with low childhood socioeconomic status (SES) to those with high childhood SES. No analysis was conducted for participants

whose childhood SES was middle.
Cl, confidence interval; PR, prevalence ratio.

Figure 2. The result of mediation analysis.

Maximum proportion of SES-related mediator: 39.8%
(12.7%+ 6.1 % + 5.1 % + 11.8 %+4.1%)

Subjective current income
Mediation Effect : 12.7%

Objective current income
Mediation Effect : 6.1%

Objective current property
Mediation Effect : 5.1%

Education
Mediation Effect : 11.8%

Number of remaining teeth
Mediation Effect : 4.1%

Childhood socio-economic status |

Notes:

Bold means P for indirect effect < 0.05

A Dental pain in older age

All models were adjusted for sex and age, smoking, marital status, frequency of meeting friends, psychological distress, self-rated health,
denture use, dental visit for treatment, and dental visit for prevention.
Each mediator was included in the model one at a time to avoid multicollinearity (i.e. other mediators were not included in the given model).

caused by low childhood SES fall into

a cumulative bodily strain known as
allostatic load, which increases the stress-
induced biological risk (Szanton et al.
2005; Seeman et al. 2010). Chronic stress
worsens the oral environment through
decreased saliva secretion (Tikhonova

et al. 2018), increased bruxism (Chemelo
et al. 2020), and so on. This may

have increased vulnerability to dental
pain throughout life. Additionally, the
existence of stereotypes depicting low-

SES individuals as “tough and resilient”
suggests that low-SES people may not
receive adequate pain management
(Summers et al. 2021). In dental care,
insufficient pain management practices,
such as restrained use of analgesics,
might have been employed, potentially
subjecting individuals with low SES

to continuous stress from inadequate
treatment. Chronic stress states increase
cortisol production, enhancing pain
sensitivity (Knezevic et al. 2023), and

may impair the body’s ability to regulate
pain through the endogenous opioid
system (Nakamoto and Tokuyama 2023),
further contributing to increased pain
sensitivity. The biological programming
model and allostatic load may be related
to dental pain inequalities throughout
the life course.

The main implication of this study is
that solely addressing later-life predictors
of dental pain might not fully mitigate its
impact stemming from childhood SES. At
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this stage, insufficient evidence proves
a direct pathway by which childhood
SES affects dental pain in older age.
Therefore, future research, including
biological or clinical studies, is required
to elucidate the mechanisms by which
childhood SES independently affects
dental pain in older age.

A strength of this study was the use
of a large Japanese gerontological
survey data that included questions
related to social determinants of health.
We clarified the causal relationship
between childhood SES and dental
pain while considering the influence of
socioeconomically related factors shown
to confound resembling relationships
in previous studies. However, this
study has several limitations. First,
the municipalities that participated in
the JAGES survey were not randomly
selected, limiting the generalizability
of our findings. Also, the impact of
childhood SES on dental pain in older
age may be influenced by early-life
conditions and health care access. When
Japan introduced a national health
insurance system in 1961 (Sakamoto
et al. 2018), most participants in this
study were around 15 y old. Therefore,
many participants likely benefited
from the protective effects on oral
health provided by the national health
insurance system in their adulthood.

A previous study showed that oral
health in Japan was better than in

other countries due to this health
insurance system (Aida et al. 2021).

The prevalence of dental pain among
older adults in Japan may also be lower
than in other countries. Our findings
may be influenced by the unique social
and policy context of Japan. Caution
should be exercised when applying
these results to contexts outside of
Japan. Second, because we used cross-
sectional data, we cannot rule out the
influence of recall bias on childhood SES
responses. However, the validity of using
childhood SES information gathered
retrospectively has been confirmed

in a life-course epidemiological study
(Krieger et al. 1998). Third, we cannot
rule out the possibility that the results

are overestimated because we may not
have adjusted for potential confounders
like cumulative oral diseases. Our
analysis showed that the combined
indirect effect of all SES-related pathways
and the number of remaining teeth on
dental pain was only around 17% to
40%. This suggests that other factors may
contribute to the association between
childhood SES and dental pain in later
life apart from current SES. Fourth, the
findings may be influenced by age-
related pain inequalities throughout the
life course. Inequality of general pain
across the life course has been suggested
to peak in middle age and then decrease
(Celeste and Fritzell 2018). Therefore, it
was necessary to examine the possibility
that age interacts with SES trajectory and
dental pain in older age. In our study,
the proportion of those in the persistent
low-SES group was smaller in the older
age groups (as shown in Appendix 2).
Additionally, the point estimates of the
interaction between age and the impact
of SES trajectories on dental pain in
older age did not show a significant
association (as shown in Appendix 3).
The previous study (Celeste and Fritzell
2018) suggests that, after middle age, age
may act to reduce the pain inequalities
associated with SES inequalities, which is
consistent with our findings. However, we
could not consider the survival bias due
to the cross-sectional data. The interaction
effect of age on the relationship between
SES trajectories and dental pain in older
age may be disrupted by survival bias,

so the results should be interpreted
cautiously. Further research is needed to
determine whether inequality in dental
pain, similar to general pain, also peaks in
middle age. Finally, the dental pain used
in this study was self-reported and its
cause was unknown (caries, periodontal
disease, hypersensitivity, etc.). However,
other surveys have also used similar
questions to identify dental pain (Santiago
et al. 2013).

Conclusion

Childhood SES inequalities negatively
affect dental pain long-term. Several

Childhood SES Affects Dental Pain in Later Life

studies, including biological and

clinical research, will be necessary to
elucidate the mechanisms explaining the
relationship between childhood SES and
dental pain in older adults.
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