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Background: Smoking is a major risk factor for peri-
odontal disease. Conventional oral epidemiology approaches
have found strong, consistent associations between chronic
smoking and periodontal attachment loss (AL) through
ages 26, 32, and 38 years, but those statistical methods
disregarded the data’s hierarchical structure. This study
reexamines the association using hierarchical modeling to:
1) overcome the limitations of an earlier approach (trajec-
tory analysis) to the data and 2) determine the robustness
of the earlier inferences.

Methods: Periodontal examinations were conducted at
ages 26, 32, and 38 years in the Dunedin Multidisciplinary
Health and Development Study. The number of participants
examined at those three ages were 913, 918, and 913,
respectively. A generalized linear mixed model with a
quasi-binomial approach was used to examine associations
between chronic smoking and periodontal AL.

Results: At ages 26, 32, and 38, smokers had 3.5%, 12.8%,
and 23.2% greater AL than non-smokers. Regular cannabis
use was associated with greater AL after age 32, but not at
age 26. Males had more AL than females. Participants with
high plaque scores had consistently greater AL; those who
were of persistently low socioeconomic status had higher
AL at ages 32 and 38, but not at age 26. The amount of
AL in anterior teeth was less than in premolars and molars.
Gingival bleeding was associated with higher AL at ages 26,
32, and 38.

Conclusion: The smoking–periodontitis association is ob-
servable with hierarchical modeling, providing strong evi-
dence that chronic smoking is a risk factor for periodontitis.
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P
eriodontitis is a chronic polymi-
crobial disease that occurs when
the host response to usually com-

mensal organisms in the plaque biofilm
becomes destructive.1 Smoking remains
the most important risk factor,2-4 with
evidence suggesting that its periodontal
effects occur regardless of what is
smoked.5-7 Smoking is thought to ex-
ert its effect through affecting neutro-
phil function, causing shifts to a more
pathogenic microflora, and causing sus-
tained peripheral vasoconstriction.8 From
a life-course perspective, the effect of
chronic smoking is an example of the
risk accumulation model, whereby its
effects are cumulative over time.9 More-
over, marked social gradients in the
occurrence of smoking contribute to so-
cioeconomic gradients in periodontitis,10,11

but the extent of that contribution is
currently unclear. Day-to-day self-care
and plaque control are also important
in the condition’s occurrence.

Although previous papers have re-
ported a strong association between
smoking and periodontal disease through
ages 26, 32, and 38 years in a birth
cohort,5-7 the approaches adopted for
those data analyses do have limitations.
A large proportion of that earlier work
considered the use of hypothesis test-
ing, logistic regression, and growth trajec-
tory modeling to identify the risk factors.
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One of the main concerns is that the response variable
for these analyses was the prevalence, the extent, or
the severity of periodontitis, yet there is considerable
variation in case definitions for it in the literature.
This applies no less to defining incident cases, with
incident attachment loss (AL) being defined as a
change in AL of ‡2, ‡4, ‡5, or even ‡6 mm, de-
pending on the sample and the inter- and intra-
examiner reliability. Such variation will inevitably
lead to considerable heterogeneity in analytic out-
comes. Another fundamental problem is that those
methods do not account for the natural hierarchical
structure of the periodontal data. Thus, while they can be
used to identify person-level risk factors, the site-specific
nature of the AL is unable to be taken into account.

The aim of this study is to reexamine the peri-
odontal effects of smoking and the impact of the
other putative risk factors through early to middle
adulthood cross-sectionally, using a more informa-
tive approach. Multilevel modeling is recognized as
the most appropriate method for analyzing data of
this type, because it accounts for the hierarchical
structure of the data and allows the simultaneous
examination of covariates’ effects on different levels,
for each person, tooth, and site.12 However, mul-
tilevel analysis carries the assumption that the
random effects and measurement errors are nor-
mally distributed. This assumption is unlikely to be
satisfied with AL data. To address this, a generalized
linear mixed model (GLMM) with a quasi-binomial
approach was used here as an extension of the tra-
ditional multilevel modeling method for data analysis.

MATERIALS AND METHODS

The Dunedin Multidisciplinary Health and Develop-
ment Study is a longitudinal study of a complete
birth cohort born at the Queen Mary Hospital, Dunedin,
New Zealand, from April 1, 1972, to March 31, 1973.13

Perinatal data were obtained, and the sample for
the longitudinal study (N = 1,037; 52% males) was
defined at age 3 years. The cohort were assessed
within a month of their third birthdays and again at
ages 5, 7, 9, 11, 13, 15, 18, 21, 26, 32, and 38
years (when 961 or 95% of the living cohort were
assessed). More than 90% of the cohort self-identify
as European.

The Otago Research Ethics Committee, Dunedin,
New Zealand, granted ethics approval for each
assessment phase. Study members gave written
informed consent before participating. Each un-
derwent a full day of assessments (of, for example,
oral health, mental health, and cardiovascular
health), which are presented as standardized
modules in counterbalanced order, conducted by
a different examiner kept masked to all other study
data.

Clinical Assessments
Periodontal examinations were conducted at ages
26, 32, and 38 years, with only half-mouth exami-
nations possible at age 26, but full-mouth exami-
nations undertaken at ages 32 and 38. Third molars
and implants were not included in the periodontal
examinations. At age 26, dental examinations were
conducted by three examiners (WMT, Dr. E. Kruger,
and Dr. D.M. Boyd, University of Otago) who had
been previously calibrated and who examined 85%,
10%, and 5%, respectively, of the cohort. Periodontal
measurements were made in two quadrants because
of time constraints (quadrants 1 and 3 for those
whose study ID number was odd; quadrants 2 and 4
for those with an even ID number; the mix of odd
and even ID numbers was approximately 50:50). Three
sites (mesio-buccal, buccal, and disto-lingual) per
tooth were examined, and gingival recession (GR) (the
distance in millimeters from the cemento-enamel
junction [CEJ] to the gingival margin) and probing
depth (PD) (the distance from the gingival margin
to the base of the pocket) were recorded, using
a periodontal probe.§ Mid-buccal measurements for
molars were made at the midpoint of the mesial root.
All measurements were rounded down to the nearest
whole millimeter. Where the gingival margin was sit-
uated >1 mm coronally to the CEJ, negative GR was
recorded. Those reporting a history of cardiac valvular
anomalies or rheumatic fever were excluded. At ages
32 and 38, the clinical procedures were identical,
except that a full-mouth examination was now
possible. Two examiners (JMB and WMT) conducted
the examination at age 32, examining 53% and
47%, respectively; the second examiner was the one
who had conducted the bulk of the age-26 exam-
inations. At age 38, the examinations were conducted
by three examiners (JMB, WMT, and Dr. L.A. Foster
Page, University of Otago); these included the two
examiners who had undertaken the age-32 exam-
inations; they undertook 58% and 39% of the age-38
examinations, respectively, and the third completed
3%. For each individual, the AL for each site was
computed by summing the GR and PD measurements.

Examiner Reliability
Replicate periodontal examinations were not pos-
sible during the assessments because of time con-
straints, but they were conducted on separate adult
samples during the age-32 and age-38 assessments.
At age 38, these gave data for 672 periodontal sites
measured by the three examiners twice each, and
these revealed that intra- and interexaminer reliability
was high (accepting 1-mm variation in measurements
as being normal measurement error14), with intra-
examiner reliability coefficients for absolute agreement

§ PCP-2, Hu-Friedy, Chicago, IL.
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of the site-level periodontal measurements pooled
for the three examiners (individual examiner intra-
examiner reliability coefficients in parentheses) found
to be 0.95 (0.99, 0.92, 0.94) for GR; 0.73 (0.73,
0.69, 0.80) for PD; and 0.71 (0.71, 0.68, 0.79) for
AL. The coefficient for the prevalence of ‡1 site with
‡4-mm AL was 0.75 (0.99, 0.74, 0.97). A 1-mm
difference within and among examiners is normal
measurement error in periodontal measurement.
For intra-examiner reliability pooled for all three
examiners, only 2.6% of measurements differed by
>1 mm (2.2%, 2.5%, and 3.0% for examiners 1, 2,
and 3, respectively). No measurements differed by
>2 mm. Examiner 1 differed from examiner 2 by >1
mm in 5.4% of measurements and by >2 mm in
only 0.8%; examiner 1 differed from examiner 3 by
>1 mm in 3.2% and by >2 mm in only one (0.1%).
Examiner 2 differed from examiner 3 by >1 mm in
5.0% and by >2 mm in only 0.7% of measurements.
The examiner reliability was similar to that reported
elsewhere.14 Examiner reliability data for the age-32
examinations have been reported previously15 and
were acceptable. Calibration data for the age-26 as-
sessments were not collected.

Person-Level Covariates
Smoking status. Tobacco smoking was determined
at ages 15, 18, 21, 26, 32, and 38. At ages 21, 26, 32,
and 38, the study asked ‘‘Have you smoked every
day for 1 month or more of the previous 12 months?’’.

Cannabis use status. Cannabis smoking was de-
termined by asking participants at ages 18, 21, 26,
32, and 38 how many times they had used can-
nabis in the previous year. They were then grouped
as those who: 1) did not use cannabis (response 0);
2) used it less than weekly (0 to 51); 3) used it at least
weekly (52 to 365); and 4) used it at least daily (>365).
The usual method of smoking cannabis in New Zealand
is not to mix it with tobacco.

Socioeconomic status (SES). SES was measured
in childhood using standard New Zealand occupa-
tionally based indices,16,17 which use a six-category
classification (where, for example, a doctor scores
1 and a laborer scores 6). For adult SES measure-
ment, participants were classified (using occupa-
tion) at ages 26, 32, and 38. The childhood SES
measure used here is based on both parents and is
the mean of the SES from the assessments at birth
through age 15. The study used the childhood and
adult SES categorizations to allocate each partici-
pant to one of the following four SES trajectories:
1) those who were in the high SES group up to the
age of 15 and in adulthood (at 26, 32, and 38 years
of age separately), categorized as the ‘‘high-high’’
group; 2) those in the low SES group at both stages,
designated the ‘‘low-low’’ group; and the 3) ‘‘high-low’’

and 4) ‘‘low-high’’ groups, which comprised those who
were downwardly and upwardly mobile, respectively.

Flossing. At ages 26, 32, and 38, participants’
flossing status was assessed by a self-report ques-
tion asking how often they used floss, with response
options ‘‘never’’, ‘‘rarely’’, ‘‘sometimes’’, or ‘‘every day’’.

Plaque score. Six teeth (four posterior and two an-
terior) were examined for each participant at ages
15, 18, 26, 32, and 38. The plaque (debris) score for
each participant was recorded using the simplified
oral hygiene index by Greene and Vermillion18 and
was averaged over the six index teeth. The amount
of plaque on teeth was rated on a four-point scale
(0 = no debris or stain detectable, 1 = soft debris
covering no more than the cervical one third of the
tooth surface or extrinsic stains without other debris
regardless of surface area covered, 2 = soft debris
covering more than one third but no more than two
thirds of the exposed tooth surface, and 3 = soft
debris covering more than two thirds of the exposed
tooth surface). Participants were assigned to one of
four groups according to their plaque score: 1) very
low (score 0 to 0.5); 2) low (>0.5 to 1.0); 3) mod-
erate (>1.0 to 1.5); and 4) high (>1.5).

Tooth-Level Covariates
A tooth type variable was used to represent tooth
position (mandibular anterior, maxillary anterior, man-
dibular premolar, maxillary premolar, mandibular mo-
lar, or maxillary molar). Bleeding on probing (BOP)
was recoded as present for a tooth when any of the
three sites showed bleeding within 10 seconds of
being probed.

Data Analyses
Methods have been suggested previously for ana-
lyzing periodontal data using linear mixed models
(random coefficient models). These take the hier-
archical nature of the data into account and allow
for the simultaneous estimation of the impact of the
predictors at site, tooth, and person levels.19,20 Such
approaches, however, assumes normality for both
the random effects and measurement errors, which
may not be applicable to periodontal data. Al-
though standard GLMMs are designed to relax the
normality assumption, they are appropriate only for
distributions belonging to an exponential family
(such as Poisson, binomial, or gamma). The distri-
bution of periodontal data is difficult to specify and
cannot be assumed to match any of these. One way
of dealing with this problem is to consider the use of
a GLMM with a quasi-likelihood approach, for which
the estimation process is entirely based on the mean
and variance of the response variable, and hence the
distribution of observations is not required to be
defined. Moreover, one expects the variance of the
periodontal response variable to be larger for AL
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scores lying in the middle range and to be smaller
for extreme cases, matching the characteristics of
a binomial-type variable. Therefore, the authors
adopted the quasi-binomial approach for data analysis.

Let Yijk denote the AL score for the ith person, jth

teeth, and k th site, and E Y ijk

� �
=mijk. Because

the quasi-binomial approach requires that Y ijk is
between 0 and 1, the response variable is trans-
formed by defining Uijk =Y ijk

�
ymax, where ymax is

the maximum observed AL score in the data across
all available sites; hence E Uijk

� � ¼ pijk ¼ mijk

�
ymax.

If one models pijk 0 £ pijk £1
� �

, rather than mijk, one has

E Uijk

� �
=pijk;V Uijk

� �
=fpijk 1� pijk

� �
and

log pijk

� �
=X9

ijkb +Z 3ð Þ9
ijk b 3ð Þ

k +Z 2ð Þ9
ijk b 2ð Þ

jk ;

where X is the design matrix for the fixed effects b,
Z 3ð Þ and Z 2ð Þ are the design matrices for the random
effects at person and tooth levels, b 3ð Þ

k and b 2ð Þ
jk are

the corresponding random effect coefficients, and f
is the dispersion parameter.

Separate analysis was conducted for each age (26,
32, and 38 years). The total number of sites included
in those analyses was 34,934, 72,327, and 68,553,
respectively (the age-26 estimates used half-mouth
examinations). The above model described the re-
lationship between the response variable AL and the
predictors. All statistical analyses were performed in R
v.3.01. Models were fitted using the built-in glmmPQL
function under library ‘MASS’. The estimates of exp bð Þ
at ages 26, 32, and 38 are presented separately as
ratios (percentage change) with 95% confidence in-
tervals (CIs). To demonstrate the interpretation of the
ratios, a simple situation is considered where a pre-
dictor variable Xijk is dichotomous, taking a value of
0 and 1; the corresponding b is expressed as

log
pijk

��Xijk =1
pijk

��Xijk =0

 !
=b:

Because pijk =mijk

�
ymax and after exponentiation,

this expression can be rewritten as

r =
mijk

���Xijk =1

mijk

���Xijk =0
= exp bð Þ:

This ratio is the mean of AL for Xijk =1 over the
mean of AL for Xijk =0, and therefore 100(r - 1)%

can be interpreted as the percentage change in mean
AL scores, when switching from Xijk =1 to Xijk =0.

RESULTS

A summary of the numbers included in the analysis
is presented by the independent variables in Table 1.
Of the 1,037 participants initially enrolled in the
study, 913 were periodontally examined at age 26,
and periodontal data were available for 863 (94.5%)
individuals at ages 26, 32, and 38 using listwise
deletion. At ages 32 and 38, respectively, 918 and
905 (98.6%) and 913 and 869 (95.1%) participants
were examined and included in the analysis. Ap-
proximately equal numbers of females and males
were included. The proportion of current tobacco
smokers decreased with age, as did cannabis use.

Table 1.

Number (%) of Participants Periodontally
Examined at Ages 26, 32, and 38 Years
by Sex, Smoking, Cannabis Use,
SES Trajectory Group, Flossing, and
Plaque Score

Variable Age 26 Age 32 Age 38

n 863 905 869

Sex
Males 459 (53.2) 465 (51.4) 439 (50.5)
Females 404 (46.8) 440 (48.6) 430 (49.5)

Smoking
Yes 328 (38.0) 297 (32.8) 216 (24.9)
No 535 (62.0) 608 (67.2) 653 (75.1)

Cannabis use
None 428 (49.6) 568 (62.8) 646 (74.3)
Less than weekly 308 (35.7) 223 (24.6) 148 (17.1)
Weekly 93 (10.8) 97 (10.7) 75 (8.6)
Daily 34 (3.9) 17 (1.9) 0 (0)

SES trajectory
Low-low 172 (19.9) 169 (18.7) 141 (16.2)
Low-high 64 (7.4) 90 (9.9) 100 (11.5)
High-low 331 (38.4) 274 (30.3) 213 (24.5)
High-high 296 (34.3) 372 (41.1) 415 (47.8)

Flossing
Never 225 (26.1) 197 (21.8) 154 (17.7)
Rarely 308 (35.7) 310 (34.3) 248 (28.5)
Sometimes 274 (31.7) 342 (37.7) 381 (43.8)
Every day 56 (6.5) 56 (6.2) 86 (10.0)

Plaque score
Very low 293 (34.0) 402 (44.4) 486 (55.9)
Low 315 (36.5) 284 (31.4) 235 (27.1)
Moderate 171 (19.8) 131 (14.5) 85 (9.8)
High 84 (9.7) 88 (9.7) 63 (7.2)
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Some 3.9% of the participants smoked cannabis
daily at age 26, whereas none did so at age 38. The
number in each of the SES trajectory groups varied
slightly at each assessment age. For example, the
proportion of the participants in the ‘‘low-high’’
group increased between ages 26 and 38, and
a reduction in the proportion was observed for the
‘‘low-low’’ group. The ‘‘high-high’’ and ‘‘high-low’’
groups were consistently the largest. The pro-
portion of participants in the ‘‘never-flossing’’ group
decreased by approximately 10% from age 26 to
age 38, although the proportion using dental floss
daily was consistently small. For the mean plaque
scores, most participants were in the ‘‘very low’’ and
‘‘low’’ categories across the ages, with only a small
proportion in the other categories.

Table 2 provides periodontal summary data by
age. For calculating prevalence, a case was defined
as having ‡1 site with ‡3, ‡4, ‡5, or ‡6 mm AL. The
prevalence increased considerably with age, par-
ticularly with the more stringent case definitions.
The extent of AL also increased, moderately between
ages 26 and 32 and more substantially over the next
6 years. In addition, the standard deviations of the
extent became larger with age.

Table 3 provides the estimated ratios and cor-
responding 95% CIs for the associations between
AL and the predictors at each of ages 26, 32, and
38. At age 26, sex, smoking, plaque score, tooth type,
and bleeding were the statistically significant pre-
dictors. On average, males had 4.3% greater AL than
females. Similarly, smokers had 3.5% greater AL than

non-smokers. For the predictors at tooth level, plaque
score was strongly associated with higher AL at age
26. A high plaque score was associated with 13.2%
greater AL. For tooth type, AL was greater for molars
than for premolars, and anterior teeth had the least.
Bleeding was associated with a 10.3% greater AL.

At age 32, the significant predictors identified at
age 26 remained so, but the associations were
stronger. The estimated coefficient for smoking in-
creased from 1.035 to 1.128 between ages 26 and
32, representing an additional 9.3% greater AL for
smokers over non-smokers than at age 26. The
differences in AL among the tooth types were greater.
For instance, maxillary molars now had an average
61.2% higher AL than the mandibular anterior teeth.
Additionally, the predictors cannabis use (except
for the less than weekly group) and SES became
significant. Smoking cannabis weekly or daily was
associated with higher AL. Those belonging to
the ‘‘high-high’’ and the ‘‘low-high’’ SES transition
groups had lower AL scores than those in the ‘‘low-
low’’ group.

By age 38, all of the predictors were significant
except for the variables cannabis use less than weekly,
flossing sometimes, and flossing every day. The esti-
mates for flossing suggested that using dental floss
was associated with lower AL, but most of the dif-
ferences were not statistically significant. Although
there was no evidence to suggest that infrequent
cannabis use (that is, less than weekly) was as-
sociated with greater AL, regular cannabis use was.
The impacts of all covariates continued to increase

with age. Tobacco smoking, plaque
score, and BOP had the strongest
association with greater AL. Smoking
was associated with a 23.2% greater
AL. For those with high plaque scores,
the AL was 31.7% greater than those
with low plaque scores. BOP was as-
sociated with 18.5% higher AL.

DISCUSSION

This study sets out to assess the
association between smoking and
periodontal disease through a life
stage in the natural history of
periodontitis about which little is
known. The hypothesized increase
in strength of important periodontal
risk factors was observed, with
smoking being particularly impor-
tant. Intra-oral differences in peri-
odontitis occurrence became more
pronounced, with more severe AL
observed in molars than in anterior
teeth.

Table 2.

Summary Data on Periodontal Status at Ages 26, 32,
and 38 Years

Characteristic Age 26* Age 32† Age 38†

n 863 905 869

Prevalence (%): participants
with ‡1 site with:

‡3 mm AL 68.3 78.3 84.7
‡4 mm AL 17.4 29.4 43.7
‡5 mm AL 2.8 12.2 23.0
‡6 mm AL 0.7 5.9 11.9

Sites per person (mean [SD]) 40.5 (2.5) 79.9 (5.8) 78.9 (7.0)

Extent (mean % [SD]) of sites with:
‡3 mm AL 6.23 (0.09) 7.94 (0.12) 11.7 (0.17)
‡4 mm AL 0.91 (0.03) 2.00 (0.06) 4.75 (0.12)
‡5 mm AL 0.13 (0.01) 0.53 (0.03) 2.10 (0.08)
‡6 mm AL 0.03 (0.01) 0.21 (0.02) 1.10 (0.06)

* Half-mouth examinations were carried out at age 26, where maximum numbers of 14 teeth and 42
sites were examined.

† Full-mouth examinations were carried out at ages 32 and 38, where maximum numbers of 28 teeth
and 84 sites were examined.
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Before discussing the findings, it is appropriate to
consider the study’s weaknesses and strengths. As
the present authors have previously highlighted, there
are concerns about the use of partial recording pro-
tocols (three rather than six sites examined per tooth,
and the use of half-mouth examinations at age 26)
and some minor loss of representativeness due to
a higher proportion of low-SES individuals not being
periodontally examined.7 Thus, the findings should
be viewed with some caution. Moreover, the authors
were unable to determine whether any participant
had had periodontal surgery by age 38 (which could
possibly have eliminated periodontal pocketing), but
the proportion having done so is likely to be very low.

Resource and time constraints during the age-26
assessment meant that full-mouth periodontal
examination was not possible. Thus, the prevalence
and extent of AL at that age is likely to have been
underestimated. However, this is not expected to have
biased the estimates for the explanatory variables
when modeling the AL for each site. The authors base
this assertion on their earlier finding with another
dataset that, although using partial recording protocols
does affect prevalence estimates, it does not affect
estimates for risk factors.21 Turning to the study’s
strengths, the Dunedin study is the only one, to the
authors’ knowledge, providing information on the nat-
ural history of periodontal AL with aging through the

Table 3.

Parameter Estimates From the GLMM Models With a Quasi-Binomial Approach at
Ages 26, 32, and 38 Years

Predictor

Age 26 Age 32 Age 38

Estimate 95% CI Estimate 95% CI Estimate 95% CI

Person-level predictors
Sex* 1.043 1.016 to 1.071 1.074 1.042 to 1.108 1.098 1.059 to 1.139
Smoking† 1.035 1.008 to 1.064 1.128 1.090 to 1.166 1.232 1.176 to 1.289
Cannabis use
None (Ref)
Less than weekly 1.018 0.991 to 1.047 1.005 0.970 to 1.041 0.996 0.949 to 1.045
Weekly 1.005 0.963 to 1.049 1.063 1.010 to 1.119 1.111 1.038 to 1.190
Every day 1.023 0.958 to 1.093 1.147 1.030 to 1.278

SES trajectory
Low-low (Ref)
Low-high 1.026 0.973 to 1.081 0.929 0.877 to 0.984 0.911 0.851 to 0.975
High-low 0.997 0.964 to 1.032 0.964 0.924 to 1.006 0.939 0.888 to 0.992
High-high 0.985 0.950 to 1.021 0.934 0.895 to 0.975 0.920 0.873 to 0.971

Flossing
Never (Ref)
Rarely 0.995 0.964 to 1.028 1.006 0.966 to 1.047 0.944 0.895 to 0.996
Sometimes 0.997 0.964 to 1.032 0.999 0.959 to 1.040 0.963 0.915 to 1.014
Every day 0.995 0.943 to 1.050 1.059 0.990 to 1.132 0.995 0.925 to 1.069

Plaque score
Very low (Ref)
Low 1.065 1.034 to 1.096 1.045 1.010 to 1.081 1.076 1.032 to 1.121
Moderate 1.120 1.082 to 1.160 1.088 1.041 to 1.138 1.132 1.063 to 1.205
High 1.132 1.081 to 1.186 1.233 1.168 to 1.302 1.317 1.225 to 1.417

Tooth-level predictors
Tooth type
Mandibular anterior (Ref)
Mandibular premolar 1.315 1.293 to 1.337 1.373 1.354 to 1.392 1.321 1.303 to 1.340
Mandibular molar 1.383 1.361 to 1.406 1.491 1.471 to 1.512 1.488 1.467 to 1.509
Maxillary anterior 1.062 1.045 to 1.079 1.128 1.113 to 1.143 1.138 1.123 to 1.153
Maxillary premolar 1.242 1.221 to 1.264 1.394 1.374 to 1.414 1.414 1.394 to 1.434
Maxillary molar 1.396 1.373 to 1.418 1.612 1.590 to 1.633 1.662 1.640 to 1.685

BOP‡ 1.103 1.090 to 1.117 1.144 1.133 to 1.155 1.185 1.172 to 1.198

Ref = reference group.
* Reference = female.
† Reference = non-smoker.
‡ Reference = no BOP.
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third and fourth decades of life in a population sample,
with plentiful information on childhood antecedents.

This study uses a listwise deletion procedure to
handle the missing data, thus eliminating all entries
with one or more missing values for any variable. If
the data are missing completely at random, listwise
deletion is appropriate because it would produce
unbiased estimates of the regression parameters.
However, for periodontal data, missing responses
are often due to teeth being missing or sites being
difficult to assess. In this situation, listwise deletion
may bias the results and, therefore, the authors may
consider multiple imputation for future investigations.

The study findings confirm the importance of chronic
smoking (whether tobacco or cannabis) as a risk factor
for periodontal AL. The greater strength of the asso-
ciation as the cohort aged underlines the cumulative
nature of its effect and provides support for the con-
tention that its effects are best considered in the light
of a risk accumulation model,9 whereby adverse ex-
posures accumulate incrementally through the life
course, with cumulative damage to the periodontal
tissues.

The amount of plaque present showed consistent
gradients in its association with AL at each age, but
with some minor variations in effect strength for
particular plaque score categories across the ages.
What is clear is that the effect of the high plaque
scores (representing extensive plaque accumulation
on the six index teeth) increased with age, again
supporting the risk accumulation life course model
and supporting earlier findings in which plaque
trajectories were identified and found to be strongly
associated with poor oral health.11

In this study, the effect of flossing was not statis-
tically significant, although the parameter estimates
were mostly less than unity. A recent Cochrane Col-
laboration review systematically scrutinized the extant
literature on the oral health benefits (or otherwise)
of flossing.22 The authors concluded that flossing
was effective in reducing the occurrence of gingi-
vitis, but there was no sound evidence to support its
effectiveness in preventing periodontitis. Moreover,
the paucity of long-term follow-up studies was
noted. It is clear that the definitive answer to the
question of whether flossing helps to prevent peri-
odontitis needs to come from either a very long-term
randomized control trial or a longstanding prospective
birth cohort study. Accordingly, it might be expected
that the Dunedin Study is ideally placed to contribute
to the debate. However, there are two problems with
the flossing data: they are based on self-reported rather
than directly observed behavior, and the response
categories used (particularly ‘‘rarely’’ and ‘‘sometimes’’)
were not defined adequately for participants. The
‘‘never’’ and ‘‘every day’’ responses are more clear

cut, but there remains the problem of the cohort’s
very low prevalence of daily flossing. Those who floss
daily are likely to have better oral health and health
behaviors overall than those who do not,23 but any
effect is only hinted at in the present findings.

That males consistently had more AL than females
at each age is not surprising, given males’ poorer oral
health awareness, self-care, and dental visiting prac-
tices.24 SES differences also became more marked as
the cohort aged, and this finding is consistent with
those on cumulative tooth loss in the cohort.25

Anteroposterior gradients in AL were also noted
in each jaw, with greater AL observed in molars than
in premolars, and more in premolars than in incisors
and canines. These differences were not surprising,
but the consistently greater AL observed in maxil-
lary anterior teeth than mandibular ones (at all three
ages) was somewhat surprising, given what is known
about extensive AL around the mandibular anterior
teeth in a small proportion of individuals.

Whereas the work for examining the periodontal
effects of smoking in the Dunedin cohort appears to
be largely complete, further research should focus
primarily on examining the changes in AL over time.
The cross-sectional studies performed here allow
comparisons among populations that happen to
differ in age, but it does not provide any information
on the within-individual changes over time. If these
are potentially of interest, the authors have to analyze
the data longitudinally. Analyzing such repeated
measures will enable within-individual changes to be
captured and the effects of aging to be estimated.

CONCLUSIONS

This research confirmed the strong association be-
tween chronic smoking and periodontal disease.
To the best of the authors’ knowledge, this is the
first report of the smoking–periodontitis relationship
based on a large cohort study using a hierarchical
model. The study confirms the findings and conclu-
sions that have been made in previous papers based
on the same data from the Dunedin study, having
reached those in a way that is preferable because
it respects the hierarchical nature of the data. The
replication of findings is a key principle of scientific
investigation.26 The uniqueness of the Dunedin study
data (there are no other extant epidemiologic studies
with longitudinal periodontal data through partici-
pants’ 20s and 30s) mean that this principle re-
quires the use of an alternative analytic approach to
determine the robustness (and therefore veracity) of
existing findings. In addition, the approach the authors
used in this paper is more suitable than the tradi-
tional multilevel models for modeling periodontal
data, and it could become a standard methodology
in periodontal research.
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