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Abstract

Objective: To determine whether parental periodontal disease history is a risk factor
for periodontal disease in adult offspring.

Methods: Proband periodontal examination [combined attachment loss (CAL) at age
32, and incidence of CAL from ages 26 to 32] and interview data were collected during
the age-32 assessments in the Dunedin Study. Parental data were also collected. The
sample was divided into two familial-risk groups for periodontal disease (high- and
low-risk) based on parents’ self-reported periodontal disease.

Results: Periodontal risk analysis involved 625 proband-parent(s) groups. After
controlling for confounding factors, the high-familial-risk periodontal group was more
likely to have 1+ sites with 4+ mm CAL [relative risk (RR) 1.45; 95% confidence
interval (CI) 1.11-1.88], 2+ sites with 4+ mm CAL (RR 1.45; 95% CI 1.03-2.05),
1+ sites with 5+ mm CAL (RR 1.60; 95% CI 1.02-2.50), and 1+ sites with 3+ mm
incident CAL (RR 1.64; 95% CI 1.01-2.66) than the low-familial-risk group.
Predictive validity was enhanced when information was available from both parents.
Conclusions: Parents with poor periodontal health tend to have offspring with poor
periodontal health. Family/parental history of oral health is a valid representation of the
shared genetic and environmental factors that contribute to an individual’s periodontal
status, and may help to predict patient prognosis and preventive treatment need.
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The concept of inter-generational con-
tinuity in periodontal health is not new.
It was observed almost a century ago,
and during the 1940s and 1950s,
researchers conducted investigations
into inter-generational effects, including
family studies and twin studies (Gorlin
et al. 1967, Hassell & Harris 1995).
Clear evidence for a substantial genetic
component in periodontal disease sus-
ceptibility was demonstrated in animal
models (Baer et al. 1961). However, the
main focus of research from the 1960s
to 1990s shifted from hereditary factors
to the role of bacteria and other envir-
onmental factors in disease risk (Loe
1993). More recently, the idea that
virtually all characteristics are the result

of gene—environment interaction has
become the paradigm for considering
many common, preventable disorders
of adulthood (Collins 2004, Hunter
2005, Moffitt et al. 2005). An increasing
interest in gene—environment interac-
tions is reflected in greater awareness
of the role of family history and inter-
generational continuity in health as a
practical, inexpensive approach to cate-
gorizing gene—environment risk for
these disorders, including periodontal
disease (Scheuner et al. 1997, Khoury
et al. 2005, Valdez et al. 2010).
Research suggests that the health
status of one generation can have a
profound effect on that of the next.
Studies have found inter-generational
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and familial associations for cardiovas-
cular disease (Rose 1967, Greenlund et
al. 1997, Sesso et al. 2001, Parikh et al.
2007), non-insulin-dependent diabetes
mellitus (Newman et al. 1987, Meigs
et al. 2000, Dallo & Weller 2003, Sri-
nivasan et al. 2003), metabolic syn-
drome (Lascaux-Lefebvre et al. 2001),
cancer (Pharoah et al. 1997, Hsieh &
Albertsen 2003, Jonsson et al. 2004),
asthma (Arshad et al. 2005), obesity
(Whitaker et al. 1997, Reilly et al.
2005), health-related behaviours,
including smoking, drug, and alcohol
use (Chassin et al. 1998, Merikangas et
al. 1998, Shenassa et al. 2003, Hill et al.
2005), diet and exercise (Hood et al.
2000, Mattocks et al. 2008), and other
health-related influences such as socio-
economic status (SES) (Zimmerman
1992, Corcoran 1995).

Is family history a risk factor for oral
disease? Over the past few decades, the
small amount of research that has been
carried out on inter-generational trans-
mission of oral health suggests that it
may be a risk factor for caries in chil-
dren (Shearer & Thomson 2010).
Regarding periodontal disease, a num-
ber of studies have examined familial
aggregation of aggressive periodontitis
(Nibali et al. 2008). However, there
is a shortage of studies investigating
the inter-generational transmission of
chronic periodontal disease (which gen-
erally does not present until the fourth
decade) (Kinane & Hart 2003). This is a
particular deficiency, because genetic
and epigenetic (inherited changes in
phenotype caused by mechanisms other
than changes in the underlying DNA
sequence) factors are thought to play a
major role in the aetiology of perio-
dontal disease (Page 1999, Michalowitz
et al. 2000, Meisel et al. 2004, Barros &
Offenbacher 2009, Gomez et al. 2009).
While it is probable that the periodontal
health status of one generation has an
effect on that of the next, the nature and
extent of this effect are unclear.

The importance of investigating
periodontal inter-generational associa-
tions is highlighted when consideration
is made of the impact in most developed
countries of effective population-based
oral health strategies over the past 40
years, advances in restorative dentistry,
expectations of retaining a functional
dentition for life, and ageing popula-
tions. Increasingly elderly populations
are now retaining teeth, which would
have been lost previously to dental
caries; in effect, more teeth are at risk

of periodontal disease for longer. Does
this matter? Recent research has found
associations between periodontal dis-
ease and other disease (Kandelman et
al. 2008, Cullinan et al. 2009). In parti-
cular, the bidirectional link between
periodontal disease and diabetes melli-
tus suggests that a higher prevalence of
periodontal disease in a population may
adversely affect its overall health (with
consequential suffering, costs, and use
of scarce resources). In addition, perio-
dontal disease may have a direct impact
on quality of life (Needleman et al.
2004, Cunha-Cruz et al. 2007).

Not all individuals are equally sus-
ceptible to periodontal disease, and the
identification of those who will progress
to advanced disease is desirable, but not
straightforward. Family history reflects
the results of shared genetic variations
and shared non-genetic factors (environ-
mental factors, exposures, and common
behaviours) (Khoury 2003). Possibly, a
family history of periodontal disease
may be an early marker of shared genet-
ic, epigenetic, and environmental influ-
ences associated with periodontal
disease risk, and allow for early inter-
vention to minimize adverse environ-
mental factors. The aim of this study
was to determine whether an indivi-
dual’s periodontal health and disease
risk is predicted by that of his or her
parents.

Methods

Study design and participants

This study is an analysis of data from
the Dunedin Multidisciplinary Health
and Development Study (DMHDS)
using periodontal data collected from
Study members (hereafter referred to
as ‘‘probands’’) and their parents during
the age-32 assessments. The DMHDS is
a longitudinal epidemiological study of
a birth cohort of 1037 children born at
the Queen Mary Hospital, Dunedin,
New Zealand between 1 April 1972
and 31 March 1973. These 1037 chil-
dren represent 91% of the 1139 eligible
children born between these dates, and
972 (96% of the surviving 1014) were
assessed at age 32. Of these, 932 were
dentally examined, and 915 were perio-
dontally examined. Maori (7.5%) were
under-represented (in comparison with
15% in the total New Zealand popula-
tion) in the cohort at age 32. Ethics
approval for the study was granted by

the Otago Research Ethics Committee,
and participants gave informed consent.

Measurements

The study used data collected from
probands’ oral examinations and inter-
views, and from interviews with their
parents, at the age-32 assessments.

Proband examinations

Periodontal disease

A full-mouth periodontal examination
was conducted on 915 probands (17
individuals with a history of cardiac
valvular anomalies or rheumatic fever
were not included). Three sites (mesio-
buccal, buccal, and disto-lingual) per
tooth (barring third molars) were exam-
ined in all four quadrants, using a
National Institute of Dental Research
(NIDR) probe. Two measures were
recorded: gingival recession (the dis-
tance in millimetres from the gingival
margin to the cemento-enamel junction)
and probing depth (the distance from the
gingival margin to the tip of the probe).
Gingival recession was recorded as a
negative where the gingival margin was
situated more than 1mm coronally to
the cemento-enamel junction (as would
be the case in gingival hyperplasia). The
combined attachment loss (CAL) for
each site was calculated by summing
gingival recession and probing depth.

The prevalence of periodontal disease
was determined using three different
case definitions: one or more sites with
4+ mm CAL; two or more sites with
4+ mm CAL; and one or more sites
with 5+ mm CAL (Thomson et al.
2007). In addition, individuals who had
experienced one or more sites with
3+ mm incident CAL between ages 26
and 32 were classified as incident cases
(Thomson et al. 2008).

Other periodontal measures

Gingival bleeding on probing (BOP)
was assessed for each tooth by obser-
ving the presence or absence of bleeding
at each of the three probing sites, 10s
after probing. The percentage of teeth
showing BOP was computed. The sim-
plified oral hygiene index was used to
quantify plaque accumulation on six
index teeth (Greene & Vermillion
1964), and the overall plaque score
was the sum of the scores divided by
the number of teeth scored. Long-term
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High familial risk if one
or both parents had
periodontal disease AND
one or both parents had
lost teeth due to
periodontal disease at the
age-32 assessment
N =123 (19.7%)

Low familial risk
N =502 (80.3%)

High familial risk
N =119 (19.5%)

Low familial risk
N =491 (80.5%)

Fig. 1. Periodontal disease familial-risk groups.

plaque exposure was described through
trajectory analysis. The longitudinal
data on plaque scores measured at ages
5,9, 15, 18, 26, and 32 years were used
to split the cohort into three distinct
“‘plaque groups’ using a group-based
trajectory analysis model, based on the
censored normal distribution, in SAS
9.2. The scores were as follows: group
1, low levels of plaque (group
mean = 0.59, N=2328, 39.5% of the
cohort); group 2, moderate levels of
plaque (group mean = 0.93, N =408,
49.1%); and group 3, high levels of
plaque (group mean = 1.45, N =095,
11.4%). Overall, plaque trajectory data
were available for 953 study members,
but analyses were restricted to those 831
Study members who were periodontally
examined at age 32, who had at least
one parent attend for interview, and for
whom plaque data were available at age
32 years (Broadbent et al. 2011).

Proband interviews

Probands were questioned on their
smoking history; in addition, tobacco
usage data had been collected during
previous assessments. Current and ex-
smokers were asked about the number

© 2011 John Wiley & Sons A/S

915 periodontally
examined at age 32

parents interviewed

Intergen

865 had at least one
parent assessed at age
32 assessment

625 had both 849 had one or

(complete
information)

(complete

Bivariate

Multivariate

610 with plaque
trajectories

831 with plaque
trajectories

of cigarettes smoked per day, and the
number of years at this level of con-
sumption. These data were used to
compute an individual’s exposure as
the number of pack-years to age 32.

A measure of SES at age 32 was
obtained from each study member using
standard New Zealand indices, which
apply a six-interval classification
according to occupation; for example,
a doctor scores ‘‘1”’ and a labourer
scores ‘‘6”’ (Irving & Elley 1977, Elley
& Irving 1985). Study members with a
score of ‘1" or ‘2"’ were allocated to
the ‘‘high SES group’’; those with a
score of ‘3’ or “‘4’’ were assigned to
the ‘““‘medium SES group’’; and those
with a score of ‘5"’ or ‘6" were
assigned to the ‘‘low SES group’’. Par-
ticipants were asked to indicate whether
they were routine or episodic users of
dental care services. Routine users were
those who usually visited for a check-
up, and had made a dental visit in the
previous 12 months (Thomson et al.
2010).

Parental interviews

Around the same time as the age-32
assessment (2003-2006), the parents of

parents interviewed

information)
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16 with incomplete
parental information

High familial risk if one
or both parents had
periodontal disease AND
one or both parents had
lost teeth due to
periodontal disease at
the age-32 assessment
N =161 (19.0%)

both

Low familial risk
N =688 (81.0%)

High familial risk
N =157 (18.9%)

Low familial risk
N =674 (81.1%)

probands took part in an interview on
their oral health status and history
(Milne et al. 2009a). They were asked
whether they had ever been told they
had periodontal disease, whether they
had lost any teeth (for any reason) and if
so, how many. Finally, they were asked
about the main reason for their tooth loss
(tooth decay, periodontal disease, trauma
or another reason). Two of these vari-
ables (prevalence of periodontal disease,
and prevalence of tooth loss due to
periodontal disease) formed the basis of
the familial-risk grouping for periodontal
disease (Fig. 1). Probands were allocated
to the high-familial-risk category if one
or both of their parents reported having
periodontal disease, and one or both
parents had lost teeth due to periodontal
disease, at the age-32 assessment. All
other probands were grouped in the
low-familial-risk category.

Statistical analysis

The parental interview information was
used to allocate each proband (their
child) to either a ‘‘high-familial-risk’’
group or a ‘‘low-familial-risk’” group
for periodontal disease (Fig. 1). The
utility of those familial-risk groups was
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evaluated by examining gradients across
them in probands’ periodontal disease
experience (e.g., by comparing CAL
prevalence in the two family risk cate-
gories). In addition, analyses were car-
ried out for two samples. The first
sample comprised probands who had
one or both parents interviewed at the
age-32 assessment (generalizable to
one- or two-parent families); the second
consisted of probands who had both
parents interviewed at the age-32 assess-
ment (a more complete parental history
is obtained, but is only generalizable to
two-parent families). The first sample
encompassed the second, with the addi-
tion of those who had only one parent
attend.

Descriptive and bivariate analyses
were conducted using SPSS version
16.0 (SPSS Inc., Chicago, IL, USA).
Multivariate analyses used Stata version
10.0 (StataCorp, College Station, TX,
USA). Chi-square tests were used to
examine the statistical significance of
associations observed between categori-
cal variables. Independent sample #-tests
were used for continuous dependent
variables. Statistical tests were two-
tailed and the threshold for statistical
significance was set at p<0.05. In the
multivariate analysis, the generalized
linear model (GLM) command with
modified Poisson regression analysis
was used to estimate relative risk and
confidence intervals, using a robust error

variance procedure. Model selection
was performed on the basis of biological
plausibility and by stepwise regression.
Effect modification between variables
was explored, and any interaction
between variables that improved the
model was included.

Results

Of the original 1037 participants, 915
(90.1% of the surviving cohort) were
periodontally examined at age 32. Of
those who were periodontally examined,
the majority (865, 94.5%) had one or
both parents participate in the family
health history study; two-thirds (633,
69.2%) had both parents participate.
Data from 16 probands were excluded
from the analysis due to incomplete
parental information. For the perio-
dontal risk analysis, the sample size
was 849 for the ‘‘one or both parents
interviewed’’ sample, and 625 for the
“‘both parents interviewed’’ sample.
These groups were further refined for
the multivariate analyses according to
whether the probands had been assigned
to a plaque trajectory (Fig. 1).

Periodontal disease by familial-risk
category

In bivariate analyses for the ‘‘one or
both parents interviewed’’ sample, the

risk category for periodontal disease
was significantly associated with the
prevalence of 1+ sites with 4+ mm
CAL, the prevalence of 1+ sites with
5+ mm CAL, the mean percentage of
sites with BOP, and the mean plaque
score at age 32 (Table 1 and Fig. 2). In
bivariate analyses for the ‘‘both parents
interviewed’’ sample, the risk category
for periodontal disease was significantly
associated with the age-32 prevalence of
1+ and 2+ sites with 4+ mm CAL, the
age-32 prevalence of 1+ sites with
5+ mm CAL, the prevalence of 1+ sites
with 3+ mm incident CAL between
ages 26 and 32, the mean percentage
of sites with 4+ CAL, and the mean
percentage of sites with BOP at age 32
(Table 1 and Fig. 2). Associations were
generally stronger for the ‘‘both parents
interviewed’’” sample.

Multivariate analyses

Multivariate modelling was used to
determine the relative risk (RR) for
having one or more sites with 4+ mm
CAL, two or more sites with 4+ mm
CAL, one or more sites with 5+ mm
CAL at age 32, and one or more sites
with 3+ mm incident CAL between
ages 26 and 32 in the high-familial-
risk group for periodontal disease (using
the low-familial-risk group as a referent)
while controlling for the confounding
factors of sex, episodic user of dental

Table 1. Proband periodontal disease prevalence, extent of periodontal disease, bleeding on probing (BOP), plaque score, and smoking status, at age
32, and prevalence of one or more sites with 3+ mm incident CAL between ages 26 and 32, by familial-risk category for periodontal disease

Risk category for periodontal disease according to parental periodontitis history

one or both parents sample

both parents sample

high risk low risk total high risk low risk total

Proband periodontal disease prevalence (%)

1+ sites with 4+ mm CAL 60 (37.3) 192 (27.9)* 252 (29.7) 47 (38.2) 122 (24.3)° 169 (27.0)

2+ sites with 4+ mm CAL 40 (24.8) 131 (19.0) 171 (20.1) 31 (25.2) 78 (15.5)* 109 (17.4)

1+ sites with 5+ mm CAL 28 (17.4) 76 (11.0)* 104 (12.2) 22 (17.9) 47 (9.4)° 69 (11.0)

1+ sites with 3+ mm incident CAL 26 (16.1) 76 (11.0) 102 (12.0) 20 (16.3) 46 (9.2)* 66 (10.6)
Proband periodontal disease extent (SD)

Mean % of sites with 4+ mm CAL 2.8 (7.1) 1.8 (5.7) 2.0 (6.0) 2.6 (5.5) 1.3 (4.4) 1.6 (4.7)

Mean % of sites with 5+ mm CAL 0.7 3.1) 0.5 (2.6) 0.5 (2.7) 0.6 (1.5) 0.4 (2.5) 04 (24)
Other periodontal measures

Mean % sites with BOP (SD) 10.6 (8.0) 8.1 (7.0)° 8.6 (7.2) 10.3 (7.8) 7.5 (6.4)° 8.1 (6.8)

Mean plaque score (SD) 0.8 (0.6) 0.7 (0.5)¢ 0.8 (0.5) 0.8 (0.6) 0.7 (0.5) 0.7 (0.5)

Smoker at 32 (%) 64 (39.8) 216 (31.4) 280 (33.0) 45 (36.6) 139 (27.7) 184 (29.4)

9 <0.05; y>-test.

°p <0.005; x>-test.

°p<0.01; y>-test.

4p<0.05; independent samples #-test.
°p<0.001; independent samples -test.
CAL, combined attachment loss.

© 2011 John Wiley & Sons A/S



services, SES, plaque trajectory, and
tobacco use. For the ‘‘one or both
parents interviewed’’ sample, the RR
for those in the high-familial-risk group
did not reach statistical significance for
any of these variables (Table 2).

For the ‘‘both parents interviewed’’
sample, the RR for having one or more
sites with 4+ mm CAL by age 32 for
those in the high-familial-risk group was
1.45 times greater than that for the low-
familial-risk group (Table 2). The RR
for having two or more sites with
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4+ mm CAL by age 32 for those in
the high-familial-risk group was 1.45
times greater than that for the low-
familial-risk group. For those in the
high-familial-risk group, the RR for
having one or more sites with 5+ mm
CAL by age 32 was 1.60 times that of
the low-familial-risk group, and the RR
for having one or more sites with
3+ mm incident CAL between ages 26
and 32 was 1.64.

Multivariate  modelling revealed
effect modification between plaque and

0 .
1+ sites 4+mm CAL

2+ sites 4+mm CAL

1+ sites 5+mm CAL 1+ sites 3+ incident CAL

@ High risk - one or both parents sample

O Low risk - one or both parents sample

® High risk - both parents 1

O Low risk - both parents sample

Fig. 2. Proband periodontal disease prevalence by periodontal familial-risk category at

age 32.

smoking to substantially increase smo-
kers’ relative risk (in either sample) of
having one or more sites with 4+ mm
CAL, two or more sites with 4+ mm
CAL, and one or more sites with 5+ mm
CAL, by age 32; and of having one or
more sites with 3+ mm incident CAL
between ages 26 and 32 (Supporting
Information, Tables S1-S8 and Figs
S1-S6). Likewise, effect modification
was found between familial-risk group
and smoking whereby there was no
difference between the reference group
and the high-familial-risk group in non-
smokers (with the exception of the pre-
valence of 1+ sites with 3+ mm inci-
dent CAL between ages 26 and 32, in
the ‘‘both parents in’’ sample), but both
high- and low-familial-risk groups
experienced greater risk for all out-
comes in smokers. In general, effect
modification  between  familial-risk
group and plaque trajectory was not
found.

Discussion

These data from a prospective cohort
study suggest a degree of continuity of
periodontal health across generations
within families. Study members (pro-
bands) were grouped according to their
parents’ self-reported periodontal health
status, recorded by interview, when pro-

Table 2. Outcomes of multivariate modelling, and smoking-plaque effect modification, for proband prevalence of one or more sites with 4+ mm
combined attachment loss (CAL), prevalence of two or more sites with 4+ mm CAL, and prevalence of one or more sites with 5+ mm CAL at age
32, and prevalence of one or more sites with 3+ mm incident CAL between ages 26 and 32

High-familial-risk group for periodontal disease

unadjusted

adjusted
model 1*

adjusted
model 2

adjusted
model 371

Periodontal disease prevalence at 32
One or both parents sample
RR 1+ sites with 4+ mm CAL (95% CI)
RR 2+ sites with 4+ mm CAL (95% CI)
RR 1+ sites with 5+ mm CAL (95% CI)

RR 1+ sites with 3+ mm incident CAL (95% CI)

Both parents sample
RR 1+ sites with 4+ mm CAL (95% CI)
RR 2+ sites with 4+ mm CAL (95% CI)
RR 1+ sites with 5+ mm CAL (95% CI)

RR 1+ sites with 3+ mm incident CAL (95% CI)

1.33 (1.05,1.69)
1.32 (0.96,1.80)
1.59 (1.06,2.38)
1.47 (0.97,2.21)

1.57 (1.19,2.08)
1.65 (1.14,2.40)
1.93 (1.19,3.11)
1.79 (1.10,2.92)

1.32 (1.05,1.67)
1.31 (0.96,1.78)
1.57 (1.05,2.33)
1.45 (0.97,2.18)

1.55 (1.19,2.03)
1.62 (1.12,2.33)
1.88 (1.18,2.99)
1.75 (1.08,2.83)

1.24 (0.98,1.55)
1.20 (0.89,1.63)
1.40 (0.94,2.09)
1.35 (0.90,2.04)

1.46 (1.12,1.89)
1.51 (1.07,2.12)
1.64 (1.04,2.59)
1.65 (1.01,2.69)

1.23 (0.98,1.54)
1.18 (0.88,1.57)
1.36 (0.92,1.99)
1.34 (0.90,2.01)

1.45 (1.11,1.88)
1.45 (1.03,2.05)
1.60 (1.02,2.50)
1.64 (1.01,2.66)

*Model 1 adjusted for sex and SES.

tModel 2 adjusted for sex, SES, use of dental services, plaque trajectory, and pack years to age 32 (smoking history).

iModel 3 adjusted for sex, SES, use of dental services, and interaction between smoking and plaque trajectory.

Reference categories: male (female, coded 0), medium or low SES at age 32 (high SES coded 0), episodic user of dental services at age 32 (routine user
of dental services at age 32, coded 0), moderate or high plaque trajectory (low plaque trajectory coded 0), non-smoker at age 32+ moderate plaque
trajectory, non-smoker at age 32+ high plaque trajectory, smoker at age 32+ low plaque trajectory, smoker at age 32+ moderate plaque trajectory or
smoker at age 32+ high plaque trajectory (non-smoker at age 32+ low plaque trajectory coded 0), high-familial-risk for periodontal disease (low-
familial-risk for periodontal disease coded 0)

RR, relative risk; CAL, combined attachment loss; CI, confidence interval; SES, socioeconomic status. Significant findings in bold type.

© 2011 John Wiley & Sons A/S
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bands were aged 32. It was found, if
both parents were interviewed, and after
controlling for confounding factors, that
those in the high-familial-risk group for
periodontal disease had a significantly
greater risk (than the low-familial-risk
group) of having 1+ or 2+ sites with
4+ mm CAL by age 32, of having 1+
sites with 5+ mm CAL by age 32, and
of having one or more sites with 3+ mm
incident CAL between ages 26 and 32.
Analysis of the unadjusted data found
associations  between  familial-risk
grouping and the prevalence of 1+ sites
with 4+ mm CAL, and 1+ sites with
5+ mm CAL, when the ‘‘one or both
parents interviewed’’ sample was used.
However, when confounding factors
were controlled for, the high-familial-
risk group in this sample showed no
statistically significant greater risk of
having periodontal disease (over that
of the low-familial-risk group).

This study had some limitations. We
relied on parental self-report data to
categorize the proband into familial-risk
groups and on proband self-report data on
tobacco use, and use of dental services.
The issue of the reliability and validity of
self-report data has been addressed by
others (Blicher et al. 2005, Gilbert &
Litaker 2007). Interview/examiner-based
assessments, as used in the family health
history study, are more likely to yield
valid data than ‘‘self-completed’’ data. In
addition, Dunedin Study participants and
their parents are familiar with interviews,
aware of the importance of accurate
responses, and there is a long history of
mutual trust and respect between partici-
pants and researchers. However, the pos-
sibility of error due to parents being
unaware of their oral health status at the
age-32 assessment of probands must be
considered. This error would most likely
have been in the direction of undiagnosed
periodontal disease leading to misclassi-
fication, and is most likely to have
favoured the null hypothesis (although
there is no way of knowing this for
sure). In addition, there was the potential
for recall bias as parents may not have
remembered whether or not they had
been diagnosed with periodontal disease.
In the case of the ‘‘one or both parents
interviewed’’ sample, the possibility of
error due to lack of data on the perio-
dontal health status of a non-attending co-
parent cannot be overlooked.

Turning to the study findings, we
believe that these are unprecedented.
Until now, it has not been possible to
examine the nature and extent of inter-

generational continuity in periodontal
health because such data have not been
available. The Dunedin Study is unique
in its longevity, sample size, retention
rate, oral health data (including inter-
generational data), and information on a
range of potential risk, ameliorating,
exacerbating, and confounding factors.
It offers a particularly valuable oppor-
tunity to investigate inter-generational
associations in periodontal health, and
to broaden our understanding of the
causal associations between parental
periodontal health and the periodontal
health of their offspring.

The use of a birth cohort, and the high
retention rate, means that the sample is
representative of its source population
(the South Island of New Zealand). The
issue of whether the findings can be
generalized to the New Zealand popula-
tion, and to other populations (particu-
larly the United States), has been
addressed by another paper using data
from this sample (Thomson et al. 2006).
It was cautiously concluded that find-
ings from the DMHDS can be general-
ized to these populations. While this
sample under-represents Maori with
respect to the total New Zealand Maori
population, it is representative of the
South Island. According to the 2006
Census, 7.6% of adults aged 25-34
self-identified as Maori in Otago (Dune-
din is the capital of the Otago region);
this is in accord with the DMHDS
sample. Furthermore, as Maori, on aver-
age, suffer poorer oral health than the
general population (Broughton 1993),
the under-representativeness of Maori
in the DMHDS may have led to an
under-estimation of the strength of the
observed associations.

While the longitudinal and inter-gen-
erational findings are unique, the
DMHDS cross-sectional and descriptive
findings are reasonably consistent with
the limited data available from other
studies (Brennan et al. 2001, Oral
Health U.S. 2002, Slade et al. 2007).
This is true also of the findings for the
parents at the age-32 assessment (Slade
et al. 2007). This increases confidence in
the validity of the inter-generational
findings.

Familial risk assessment tools for
chronic diseases (such as coronary
artery disease, diabetes, cancer, and
psychiatric disorders) are derived from
empirical data that have accumulated in
the literature over the past 20-30 years
(Yoon et al. 2009). More recently, the
formal assessment of the validity and

utility of family history as a tool to
improve health has being considered
(Milne et al. 2009, Berg et al. 2009).
To date, however, such information has
not been available for periodontal dis-
ease; there was little experimental data
to guide the construction of the perio-
dontal disease familial-risk groups.
Therefore, in this study, the grouping
of individuals into risk categories was
based on familial/parental risk assess-
ment tools from other disciplines
(Scheuner et al. 1997, Yoon et al.
2002, Milne et al. 2008). The age-32
assessment bivariate data provided sup-
port for the groupings. In addition, they
were informed by cross-sectional and
longitudinal studies, which indicate
associations between parental and child
oral health more generally (Shearer &
Thomson 2010). The grouping used
seemed intuitive, and ensured sufficient
statistical power for the analyses (in
terms of having sufficient numbers in
each familial-risk group). It was kept in
mind that the main objective of the risk
grouping was to identify high-risk indi-
viduals who may benefit from earlier,
more frequent, and more costly preven-
tive care. Such early intervention, while
initially more costly, should prove to be
more cost effective in the long run.

Essentially, a largely consistent pat-
tern of higher prevalence and greater
extent of disease was seen across the
familial-risk groups. The gradients were
clear, and in the expected direction
(although not all associations reached
statistical significance). The findings
indicate that the familial-risk categori-
zation is generally valid for the two
groups, particularly so for the ‘‘both
parents interviewed’’ sample, and less
so for the ‘‘one or both parents inter-
viewed’’ sample. It is possible that
future assessments as the Dunedin Study
cohort ages may find greater distinction
between the periodontal disease famil-
ial-risk groups, due both to continued
disease progression with age, and to
the parental histories becoming more
defined as the parents themselves age.
Future assessments may also highlight
stronger associations for periodontal
disease familial-risk grouping when
data are available from one parent
only, and stronger associations between
familial-risk group and the extent of
periodontal disease.

It is not surprising that more (and
stronger) associations were found in
the ‘‘both parents interviewed’’ sample
than in the ‘‘one or both parents inter-
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viewed’’ sample. It seems reasonable to
assume that the potential for misclassi-
fication in the direction of undiagnosed
disease would be an issue for perio-
dontal disease. While most people are
aware of having lost a tooth (for exam-
ple), a substantial proportion may be
unaware of having periodontal disease.
It is possible that this error is com-
pounded in the ‘‘one or both parents
interviewed’’ sample, whereby no data
were obtained from a non-attending
parent (although it is not possible to
speculate on which direction this mis-
classification may lie; i.e., whether or
not it favoured the null hypothesis). This
potential error may be one reason why
the associations differ for the two sam-
ples; however, it is likely that other
unknown factors may also be involved.
In any case, it appears that predictive
validity is enhanced if data from both
parents can be obtained.

The interaction between smoking and
plaque trajectory is not an unexpected
finding. Smokers were more likely to be
at a greater risk of periodontal disease
than non-smokers, and smokers with
high plaque trajectories were at greatest
risk. These findings suggest that smok-
ing and plaque trajectory combine to
raise the risk of periodontal disease to
a higher level than either of these factors
acting independently, and highlight the
necessity of assessing effect modifica-
tion between smoking and plaque levels
in periodontal disease research (Hyman
2006). Likewise, effect modification
between smoking and familial-risk
group is a reasonable finding; smokers
in both low- and high-familial-risk
groups are at greater risk of periodontal
disease than non-smokers, and smokers
in the high-familial-risk group are at
greatest risk. Smoking exacerbates the
impact of being in the high-familial-risk
group for periodontal disease.

While the mechanisms underlying
inter-generational continuity in perio-
dontal health are unclear and are
undoubtedly complex, there are a num-
ber of potential pathways whereby dis-
ease risk can be transmitted across
generations. Inter-generational trans-
mission of genetically or epigenetically
determined traits may be one mechan-
ism (Nadeau 2009, Skinner et al. 2010).
Risk factors such as SES, smoking, and
episodic use of dental care services may
continue across generations, manifest-
ing as poor health capital (Zimmerman
1992, Corcoran 1995, Chassin et al.
1998, Shenassa et al. 2003, Hill et al.
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2005). Poor maternal health before and
during pregnancy (and/or during the
early post-natal period) can have an
unfavourable impact on intrauterine foe-
tal growth and neonatal development, in
turn leading to adverse outcomes for the
offspring later in the life course (Frankel
et al. 1996, Lithell et al. 1996, Barker
1998, De Stavola et al. 2000, Power &
Jefferis 2002). In fact, poor maternal
periodontal health has been associated
with an increased risk of pre-term birth
and low birth weight in some popula-
tions (Wimmer & Pihlstrom 2008).
Another mechanism involving a genetic
predisposition coupled with exposure to
environmental risk factors forms the
basis for the gene—environment interac-
tion model that is, the situation where
both genetic and environmental factors
interact to produce health outcomes in
individuals and populations (Collins
2004, Hunter 2005, Moffitt et al. 2005).

Our findings provide evidence to
suggest a causal association between
parental periodontal health and proband
periodontal health. Generally, perio-
dontal disease has a later onset than
other oral disease such as caries, and
the association in this cohort between
parental periodontal health and proband
periodontal health may accordingly
strengthen with age. The predictive
validity of parental periodontal health
information is enhanced if data from
both parents can be obtained.

Conclusions

This study suggests that the children of
parents with poor periodontal oral health
are more likely to have poor periodontal
health in adulthood than the children of
parents with good periodontal health.
Family/parental history of periodontal
health appears to be a valid representa-
tion of the complex inter-play between
shared genetic factors and shared envir-
onmental factors, exposures and beha-
viours that contribute to an individual’s
periodontal health status. Generally, it
could be quickly and inexpensively
assessed by clinicians, and along with
assessment of SES and smoking history,
may improve prediction of patient prog-
nosis and preventive treatment need.
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tion (model 5) for proband prevalence of
two or more sites with 4+ mm com-
bined attachment loss at age 32 (both
parents in).

Table S7. Outcomes of multivariate
modelling, smoking-plaque effect mod-
ification (model 3), familial risk-plaque
effect modification (model 4), and
smoking- familial risk effect modifica-
tion (model 5) for proband prevalence of
one or more sites with 5+ mm com-
bined attachment loss at age 32 (both
parents in).

Table S8. Outcomes of multivariate
modelling, smoking-plaque effect mod-
ification (model 3), familial risk-plaque
effect modification (model 4), and
smoking- familial risk effect modifica-
tion (model 5) for proband prevalence of
one or more sites with 3+ mm incident
combined attachment loss between ages
26 and 32 (both parents in).
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ted to the corresponding author for the
article.
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Clinical Relevance

Scientific rationale for the study:
Family history of periodontal disease
may be an early marker of shared
genetic, epigenetic, and environmen-
tal influences associated with perio-
dontal disease risk.

Principal findings: The children of
parents with poor periodontal health
are more likely to have poor perio-
dontal health in adulthood than the
children of parents with good perio-
dontal health.

Practical implications: Generally,
family/parental history of perio-
dontal health could be quickly and
inexpensively assessed by clinicians
to improve prediction of patient
prognosis and preventive treatment
need.
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