Vol. 59, No. 2, Spring 1999

Plausibility of Periodontal Disease Estimates from

NHANES III

Gary D. Slade, BDSc, DDPH, PhD; James D. Beck, PhD

Abstract

Objectives: This study investigated possible reasons for observed discrepan-
cies in prevalence estimates and measures of association for periodontal disease
between phases (1988-91 and 1991-94) of the third National Health and Nutrition
Examination Survey (NHANES iii). Methods: NHANES iil data on CD-ROM were
obtained from the National Center for Health Statistics. Accompanying documen-
tation states that each phase and combined phases constitute national probability
samples of the US population. Weighted estimates of prevalence (percent of
persons affected) and extent (percent of sites affected) for previously reported
thresholds of gingival bleeding (GB), attachment loss (AL), and probing pocket
depth (PD) were generated using data from all 15,511 persons aged 13-90 years
who received periodontal examinations. Odds ratios for associations between
four selected risk indicators and both PD and AL were compared between phases.
Results: Phase 2 estimates of GB and PD were as much as 56 percent lower
than phase 1 estimates and both were different from combined-phase estimates.
However, AL prevalence was consistent between phases. Prevalence differences
between phases could be explained in part by examiner variations. Odds ratios
for PD differed between phases by as much as one-third, although the direction
and precision of associations were not affected, and differences were reduced
after controlling for examiner. Conclusions: Combined-phase estimates of GB
and PD prevalence and extent differ from previously published estimates derived
from Phase 1, apparently because estimates in at least one phase ofthe NHANES
1ll study are biased. However, associations with selected risk indicators were fairly
consistent between phases. [J Public Health Dent 1999,59(2):67-72]
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The need for valid epidemiologic
data about periodontal disease within
the US population is highlighted by
the existence of two Healthy People
2000 objectives concerning gingival
bleeding and periodontal attachment
loss (1) and by new studies linking
periodontal disease to systemic health
(2,3). The most recent data describing
periodontal disease prevalence within
the US population come from the third
National Health and Nutrition Exami-
nation Survey (NHANES III). Public-
release data files for phase 1 and 2 of
NHANES III are now available on CD-
ROM (4). However, in our initial
analysis of the data, estimates of peri-
odontal disease for the combined
phases differed conspicuously from
previously published estimates de-

rived from phase 1 of the same study
(5). This paper explores reasons for
those differences in more detail by
evaluating the plausibility of preva-
lence estimates and measures of asso-
ciation for periodontal disease within
each phase of the NHANES Il survey.

Methods

This investigation was a secondary
analysis of public-release data from
NHANES 1II, a cross-sectional survey
of the health and nutrition status of the
US, civilian, noninstitutionalized
population aged 2 months and older.
The survey methods have been de-
scribed elsewhere (6). To summarize,
a complex, multistage, stratified clus-
tered sample of 39,695 persons was
selected; 33,994 of them completed an

in-home interview, and 30,818 had a
standardized clinical examination
conducted at a mobile examination
center. The examination included
periodontal assessments conducted
by six dentists for 15,511 persons aged
13+ years. Periodontal measurements
were made at two sites on all teeth for
two randomly selected quadrants of
the mouth using the NIDR protocol
(7). Field work for the survey was con-
ducted from October 1988 to Septem-
ber 1991 (phase 1), and from Septem-
ber 1991 to October 1994 (phase 2).

Survey documentation contained
on the public-release CD-ROM states
that each phase comprised a national
probability sample, and unit record
weights were provided that adjust
both for differential probability of sub-
ject selection and subject nonresponse
(4). The documentation further de-
scribes how weights and sample de-
sign variables included in the data set
should be used to generate those esti-
mates. However, the same documen-
tation cautions users about conduct-
ing statistical tests of differences be-
tween phases. Hence, the focus of this
analysis is on epidemiologic and pub-
lic health interpretations about point
estimates of disease.

For this investigation, periodontal
disease indices were calculated using
thresholds that have been reported
previously for the first phase (5).
Prevalence measures represent the
percentage of persons who have one
or more sites with gingival bleeding
(GB prevalence), probing pocket
depth of 4+ mm (PD prevalence), and
attachment loss of 3+ mm (AL preva-
lence). Corresponding measures of
periodontal disease extent represent
the mean percentage of sites within the
mouth having GB, PD 4+ mm and AL
3+ mm (8). Relative differences be-
tween phases were calculated using
the difference in estimates between

Send correspondence to Dr. Slade, Department of Dental Ecology, University of North Carolina, CB #7450, Chapel Hill, NC 27599-7450. Web site:
http:/ /www.dent.unc. edu/depts/. E-mail: gary_slade@dentistry.unc.edu. Reprints will not be available. Dr. Beck is also with the Department of
Dental Ecology, University of North Carolina, Chapel Hill. Based on an oral presentation made at the EpiForum meeting, March 3, 1998, Minneapolis,
MN. Manuscript received: 3/12/98; returned to authors for revision: 5/6/98; accepted for publication: 10/29/98.



68

phases as the numerator, and the
larger of the two estimates as the de-
nominator. For persons aged 18+
years, crude odds ratios for each phase
and combined phases were generated
for four widely reported risk indica-
tors: sex, race, subject-reported cur-
rent smoking status, and subject-re-
ported history of diabetes (9). To as-
sess levels of confounding, Mantel-
Haenszel adjusted odds ratios were
calculated after stratification by phase
and compared with the crude odds
ratios for the combined phases.

For all analyses, weighted data were
analyzed using SUDAAN, which cal-
culates prevalence, extent, odds ratios,
and corresponding standard errors
that are adjusted for the sampling de-
sign (10). However, SUDAAN does
not calculate adjusted odds ratios from
stratified analyses, so SAS was used to
generated adjusted odds ratios, and
the standard errors were recalculated
using design effects for crude odds
ratios obtained from SUDAAN.

Results

Demographic and Oral Health
Status. Descriptive findings con-
firmed that subjects in each phase of
NHANES [l were representative of
the US population with respect to age,
sex, and race. The prevalence of eden-
tulism was 9.1 percent in phase 1 and

8.3 percent in phase 2, while mean
DMEFT was 13.0 and 12.4, respectively.
Among persons who received a peri-
odontal examination, a mean of 23.8
and 24.2 sites were measured for AL in
phase 1 and 2, respectively.
Prevalence and Extent of Periodon-
tal Conditions. Gingival bleeding and
pocket depth measures were consis-
tently lower in phase 2 compared with
phase 1, withrelative differences rang-
ing from 58 percent for PD extent to 25
percent for GB prevalence (Table 1).
Corresponding absolute differences in
point estimates were substantially
greater than the standard errors of
those point estimates. For example,
PD extent was 1.9 percent lower in
phase 2 compared with phase 1,
whereas standard errors for those
phase-specific estimates were 0.3 or
less. PD prevalence was 14.1 percent
lower in phase 2 compared with phase
1, whereas corresponding standard er-
rors were 1.9 or less. The 18 percent
relative difference in extent of AL was
smaller than the relative differences
observed for PD and gingival bleed-
ing, although the absolute difference
of 1.8 percent in AL extent was much
larger than the corresponding stand-
ard errors of 0.5. In contrast, phase-
specific point estimates of prevalence
and extent of recession (REC) and
prevalence of AL were virtually iden-

TABLE 1
Prevalence and Extent of Selected Periodontal Conditions in the US Population
Aged 13+ Years for Phase 1 and Phase 2 of NHANES III

% (SE) Estimate for

Phase 1 Phase 2 Phases 1 &2

Index (n=7A472) (n=8,039) (n=15,511)

Gingival bleeding prevalence 62.0 (2.7) 46.6 (1.5) 54.1 (2.1)
(% of persons)

Gingival bleeding extent 11.7 (0.8) 7.6 (0.4) 9.6 (0.6)
(% of sites)

Pockets 4+ mm prevalence 282 (1.9) 14.1 (0.9) 21.0(1.5)
(% of persons)

Pockets 4+ mm extent (% of sites) 3.3(0.3) 1.4 (0.1) 2.4 (0.2)

Recession 3+ mm prevalence 14.6 (0.8) 16.1 (1.1) 154 (0.7)
(% of persons)

Recession 3+ mm extent 2.8(0.2) 3.0(0.3) 29(0.2)
(% of sites)

Loss of attachment 3+ mm 39.0(1.2) 37.3(1.4) 38.1(0.9)
prevalence (% of persons)

Loss of attachment 3+ mm extent 10.2 (0.5) 8.4 (0.5) 9.2 (0.3)

(% of sites)
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tical.

Further analysis of PD prevalence
was undertaken to assess any effects
of differences between examiners.
During phase 1, one dentist (examiner
code 4) conducted 34 percent of exami-
nations and recorded a high preva-
lence of PD: 41.4 percent compared
with the overall phase 1 prevalence of
28.2 percent. During phase 2, exam-
iner 4 examined less than 1 percent of
subjects. Instead examiner 5, who ex-
amined only 4 percent of subjects in
phase 1, examined 45 percent of sub-
jects in phase 2 and recorded a PD
prevalence of 13.0 percent during
phase 2. Nonetheless, reductions per-
sisted even within examiners, most
notably for examiner 1, who did the
majority of examinations (51 percent
in phase 1 and 54 percent in phase 2)
and who recorded a 33 percent reduc-
tion in prevalence of PD, from 22.1
percent in phase 1 to 14.8 percent in
phase 2.

Measures of Association. Odds ra-
tios for PD differed between phases by
12 to 33 percent although the direction
was not consistent: for sex and race,
odds ratios were larger in phase 2 com-
pared with phase 1, while for smoking
and diabetes, odds ratios were smaller
in phase 2 (Table 2). These differences
in phase-specific odds ratios represent
relatively small amounts of effect
modification due to phase; further-
more, none of the phase-specific odds
ratios altered interpretation about di-
rection or markedly affected the preci-
sion (that is, 95% confidence limits) of
the associations. Furthermore, there
were only trivial differences between
the crude phase 1 and 2 estimates and
the adjusted phase 1 and 2 estimates,
suggesting relatively little confound-
ing of the smoking-PD relationships
by phase. Compared with the findings
for PD, less variation was found be-
tween phases in associations with AL,
with differences between phase-spe-
cific odds ratios ranging from 6 to 18
percent (Table 2). As noted for PD,
crude odds ratios for AL were very
similar to adjusted odds ratios for AL,
suggesting relatively little confound-
ing by phase.

Additional stratified analysis of the
race-PD association, which had the
largest amount of effect modification
in Table 2, resulted in less variation
between phases after controlling for
examiner. For example, in phase 1,
race-PD odds ratios were 2.01 (95%
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TABLE2
Associations Between Selected Risk Indicators and Periodontal Outcomes in US Population Aged 18+ Years for
Phase 1 and Phase 2 of NHANES III
Crude Odds Ratio (95% CI) Adjusted Odds*
Ratio (95% CI)

Phase 1 Phase 2 Phases 1 and 2 Phases 1 and 2
(n=6,643) (n=7,022) (n=13,665) (n=13,665)

Outcome

PD 4+ mm Sex (U=female, 1=male}
Race/ethnicity (0=non-
Hispanic white,
1=other)
Current smoker
(0=no, 1=yes)
Diabetes history
(0=no, 1=yes)
Sex (O=female, 1=male)
Race/ ethnicity (0=non-
Hispanic white,
1=other)
Current smoker
{0=no, 1=yes)
Diabetes history
(0=no, 1=yes)

AL 3+ mm

C1=1.53, 2.66) for examiner 1 and 2.41
(95% Cl=1.65, 3.52) for examiner 4, re-
sulting in an examiner-stratified odds
ratio of 2.15 (95% CI=1.71, 2.70). In
phase 2, race-PD odds ratios were 2.92
(95% CI=2.15, 3.96) for examiner 1 and
2.40 (95% Cl1=1.67, 3.44) for examiner
5, resulting in an examiner-stratified
odds ratio of 2.69 (95% CI=2.13, 3.40).
This 20 percent difference between
phases in examiner-stratified odds ra-
tios was smaller than the 33 percent
difference between crude odds ratios
observed in Table 2.

Discussion

This analysis has demonstrated
large differences in population esti-
mates of periodontal disease between
phase 1 (1988-91) and phase 2
(1991-94) of NHANES I11. Specifically,
we found a halving of prevalence and
extent of PD, and a reduction of about
one-third in prevalence and extent of
GB. Furthermore, the 95 percent confi-
dence interval for the combined-phase
prevalence estimate of PD prevalence
was 18.1 to 23.5 percent, which ex-
cludes the previously reported phase
1 estimate of 29.2 percent (5). In con-
trast, there were relatively subtle dif-
ferences between phases in measures
of association between these peri-

146 (1.27, 1.68)
1.72 (1.29, 2.29)
2.00 (1.69, 2.37)
1.79 (1.25, 2.55)

1.26 (1.10, 1.45)
1.08 (0.92, 1.28)

1.94 (1.61,2.34)
2.59 (2.04, 3.28)
1.77 (1.34, 2.33)
1.31 (0.92, 1.85)

1.51 (1.31,1.73)
1.15(0.99, 1.34)

1.60 (141, 1.83)
1.92 (1.53, 2.40)
1.96 (1.70, 2.27)
1.51 (1.19, 1.93)

1.38 (1.23, 1.54)
1.11 (0.99, 1.25)

162 (1.42, 1.86)
2.05 (1.63, 2.58)
1.91 (1.65,2.21)
157 (1.22,2.02)

1.38 (1.23, 1.55)
1.12 (0.99, 1.26)

1.64 (1.43, 1.89) 1.50 (1.24, 1.82)

2.52 (1.75, 3.63) 3.08 (2.03, 4.67)

1.58 (1.40, 1.78) 1.57 (1.40, 1.77)

2.80(2.20, 3.56) 2.80 (2.20, 3.56)

odontal indices and four selected risk
indicators, none of which affected
“bottom-line” interpretations about
the direction or statistical significance
of the associations. Furthermore, the
phase-differences in odds ratios were
reduced after controlling for examiner
effects.

At first appearance, it may seem
anomalous to find no phase-difference
in prevalence of AL, given the large
difference in prevalence of PD and
equivalence in prevalence of REC.
However, this finding can be attrib-
uted to site specificity of recession and
pocket depth, such that the worst-
mouth score for PD does not necessar-
ily occur at the same site as the worst-
mouth score for REC. Hence, an indi-
vidual’s worst-mouth score for AL
may not represent the sum of their
worst-mouth REC and PD. In contrast,
the observed 18 percent difference in
AL extent between phases is interme-
diate between the difference of 56 per-
cent in PD extent and essentially no
difference in REC extent. For these rea-
sons, extent scores represent a more
consistent index for interpreting rela-
tionships among REC, PD, and AL.

The observed differences between
phases in prevalence and extent are
based on eight specific measures of

periodontal disease that have arbi-
trary thresholds to define “disease”
status. These indices and thresholds
were selected because they have been
used widely in oral epidemiology. Al-
though not reported above, smaller
absolute differences were observed
when other indices were used. For ex-
ample: prevalence of 6+ sites with gin-
gival bleeding was 16.1 percent in
phase 1 and 9.3 percent in phase 2;
prevalence of 6+ mm pocket depth
was 3.6 percent and 2.0 percent, re-
spectively; and extent of 6+ mm pock-
ets was 0.36 percent and 0.18 percent,
respectively. While these represent
smaller absolute differences, relative
differences between phases remain
quite consistent regardless of the
threshold and index—namely, an ap-
proximate halving of PD and a reduc-
tion of about one-third in GB.
Although the observed differences
in population estimates for PD and GB
appear large, itis appropriate to evalu-
ate whether they are due to chance and
whether they are large enough to be of
practical relevance. While it is stand-
ard practice to rely on P-values when
judging if differences are due to
chance, the NHANES III documenta-
tion cautions against conducting hy-
pothesis tests about differences be-
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tween phases. Nonetheless, the cur-
rent results have demonstrated that
absolute differences between point es-
timates of PD and gingival bleeding
between phases are substantially
greater than standard errors of those
point estimates (Table 1). Stated an-
other way, the two-tailed lower 95 per-
cent confidence interval for GB preva-
lence in phase 1 (62.0-1.96 x
2.7=56.7%) was 10 percentage points
higher than the corresponding point
estimate for phase 2, while the two-
tailed lower 95 percent confidence in-
terval for phase 1 PD prevalence
(24.5%) was 10 percentage points
higher than the corresponding point
estimate for phase 2.

Of course, it remains a matter of
interpretation as to whether these
“substantial” differences are of practi-
cal relevance. In this context, we re-
gard a relevant difference as one that
could affect interpretations about the
epidemiology of disease, or which
may affect public health practice.
Precedents from other areas of oral
epidemiology certainly suggest that
differences of the magnitude observed
in this study can be regarded as rele-
vant. For example, based on an ob-
served 32 percent reduction in chil-
dren’s mean DMF values between the
1971-74 NHANES I survey and the
1979-80 US Schoolchildren Survey,
Burt concluded, “It was clear that the
decline was real” (11). Oral health tar-
gets for US adults aged 3544 years
aim to reduce the prevalence of de-
structive periodontal disease (4+ mm
of attachment loss) from a baseline of
24 percent in 1985-86 to no more than
15 percent by the year 2000 (1). And
the historically observed twofold dif-
ference in mean DMEF levels between
fluoridated and nonfluoridated com-
munities provided the rationale for an
overwhelming endorsement of com-
munity water fluoridation as an inter-
vention to reduce caries.

Given that the observed differences
in PD and GB are large and
epidemiologically substantial, it is ap-
propriate to evaluate whether or not
the differences are plausible, that is,
reflecting underlying population dif-
ferences between the two phases of the
survey. By design, there is a temporal
difference of three years between
these phases; however, we reject the
possibility that there could have been
a halving of PD prevalence within the
US population within that time pe-

riod. Specifically, three years is simply
too short a period for a cohort effect of
this magnitude to emerge, and there is
no evidence of widespread, dramatic
increases in adoption of oral preven-
tive practices or periodontal treatment
services within this period. For exam-
ple, surveys of services provided in
private dental practice revealed very
low levels of periodontal treatment
(3.3% of patients seen in 1979), which
increased only marginally to 4.1 per-
cent in 1990, the most recent year avail-
able (12).

Plausible differences between
phases could exist if each phase were
representative of different population
subgroups. However, this explanation
can be refuted for three reasons. First,
the NHANES Il documentation states
that the survey “was designed so that
the survey’s first three years, 1988-91,
its last three years, 1991-94, and the
entire six years were national prob-
ability samples” (4). Second, the sam-
ple weights correct both for unequal
probability of subject selection (inher-
ent in the sampling design) and for
differential nonresponse. These cor-
rections are borne out in the current
analysis, which revealed no significant
demographic differences between
phases. Third, it is difficult to envisage
circumstances under which phase 1
subjects could be fundamentally dif-
ferent in their levels of gingival bleed-
ing and pocket depth, but essentially
equivalent with respect to other oral
health status measures including
edentulism, DMFT, periodontal reces-
sion, and number of periodontal sites
measured.

For these reasons, we conclude that
there must be substantial bias in at
least one of the three survey estimates
(that is, phase 1, phase 2, or combined
phases) of GB, PD and probably AL
extent. In this context, we use the
epidemiologic definition for bias of an
estimator—namely, “the difference
between the expected value of an esti-
mator of a parameter and the true
value of this parameter” (13). This
definition necessarily assumes that
(say) periodontal pocket depth con-
forms with the epidemiologic con-
struct of a parameter—namely, “a
measurable characteristic of a popula-
tion” (13)—and consequently has a
“true” population value. Philosophi-
cally, it could be argued that periodon-
tal disease is not a population parame-
ter because the biology of the condi-
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tion is so complex as to be unmeasur-
able in principle, at least using existing
technology. For example, evidence
shows that the process of manual
probing can alter the periodontal
pocket by penetration of the junctional
epithelium (14); hence, our arguably
crude methods of measurement may
be incapable of quantifying the true
depth of a pocket. Furthermore, the
presence of a periodontal pocket does
not necessarily signify active disease.
It is for these reasons that some re-
searchers have concluded that it is
“unlikely that any of the current meth-
ods [of clinical and radiographic peri-
odontal assessment] can lead to an
adequate definition of periodontal dis-
ease activity” (15). While this conclu-
sion essentially expresses a concern
about validity of pocket depth meas-
urements, there are additional, well-
documented difficulties in obtaining
adequate reliability of these measures
(16).

Despite these concerns about reli-
ability and validity, good reasons exist
to continue to advocate the use of
pocket depth as a population parame-
ter in epidemiologic studies, in the
same tradition that manifestational
criteria are used in epidemiologic
studies to classify disease—albeit at a
crude level, when there is incomplete
evidence about its pathology. For ex-
ample, the manifestational criteria
used to define cases of consumption in
the 18th century yielded cases of dis-
ease that would not have met the cri-
teria for diagnosis of tuberculosis that
were adopted following identification
of the tubercle bacillus a century later;
nevertheless, epidemiologic studies
provided valuable information about
secular changes in the disease (17).

In the case of periodontal disease,
there are additional, pragmatic rea-
sons to view pocket depth as a mean-
ingful population parameter, primar-
ily because it is currently used in the
real world of clinical practice. For ex-
ample, the American Academy of Pe-
riodontology advocates screening pa-
tients in general dental practice using
the periodontal screening and record-
ing (PSR) system, which includes
thresholds of pocket depth assessed
by manual probing (18). This position
is not to deny that assessment of
pocket depth is prone to measurement
error, and possibly measurement bias,
particularly in epidemiologic studies
using manual probes. However, meas-



Vol. 59, No. 2, Spring 1999

urement errors and biases are metho-
dologic phenomena affecting individ-
ual studies and their existence does
not nullify the concept that periodon-
tal pocket depth is a population pa-
rameter useful for describing occur-
rence of periodontal disease.

Our conclusion that bias must exist
in at least one of the survey estimates
does not clarify which of the estimates
is least biased. Unfortunately, without
further investigation, this question
cannot be answered convincingly.
Possibly systematic differences
among examiners contributed to
phase-specific differences. Although
subjects were not assigned at random
to examiners, large interexaminer dif-
ferences in prevalence may partly ex-
plain variations in prevalence and ex-
tent between phases. However, it also
should be noted that all examiners had
acceptable levels of interexaminer re-
liability when compared with the
“gold standard” dentist (19) and that
there was a substantial reduction in
PD prevalence between phases for the
one dentist who did the majority of
examinations.

Sources of bias may be examined
through further analyses of data about
interexaminer reliability, or of survey
results from specific examiners, or of
specific places and times that exami-
nations were conducted. Such investi-
gations may permit guidelines to be
generated to advise users about ap-
propriate use of these data on PD and
GB. However, not all of those data
items are available in the public-re-
lease CD ROM, and in any event it
seems unlikely that definitive evi-
dence will be found to justify use of a
specific subset of the data, or that a
simple statistical correction could be
devised to reduce bias. Hence, unless
such guidelines become available, it
would seem necessary to limit the de-
scriptive analyses of the parameters
studied here to prevalence of AL and
prevalence and extent of recession.
Given that prevalence data from the
first phase have been published, there
clearly is aneed tobe cautious in draw-
ing any conclusions about those esti-
mates because it is not known whether
the phase 1 estimate is the least biased.

This recommendation may seem
unusually harsh because it is only by
virtue of the unique two-phase design
of this study that any evidence of bias
was discerned. Potentially, other
epidemiologic studies may show large

differences in prevalence estimates be-
tween (say) subjects seen in the first
half of the study compared with those
seen during the second half. However,
most other surveys select a single, rep-
resentative sample and then fieldwork
progresses (say) from county to
county, or from school to school. Un-
der those circumstances, observed dif-
ferences between initial and later ex-
aminations could be due entirely to
underlying differences between sub-
groups of the sampled population. In
contrast, the NHANES III study had
the unusual feature that each phase
was designed (both in terms of sam-
pling and unit record weights) to be
independently representative of the
US population in each phase. Of
course, if the only source of measure-
ment error in this or any other survey
was random error (for example, due to
large levels of intra- or interexaminer
variation), then we would expect no
differences in prevalence estimates be-
tween equally representative subsam-
ples of the survey. However, differ-
ences were observed in this instance;
therefore, it is necessary to conclude
that bias exists.

This analysis of specific phases and
combined phases was undertaken af-
ter considering guidelines for users of
the NHANES III data that are, at first
appearance, unambiguous: “unbiased
national estimates of health and nutri-
tion characteristics can be inde-
pendently produced for each phase as
well as for both phases combined” (4).
However, such statements could be
interpreted to contrast with other
statements in the guidelines, for exam-
ple, “Analysts are encouraged to use
all six years of survey results” (4). Fur-
thermore, it may seem contradictory
that “although point estimates can be
produced separately for each phase,
no test is available to test whether
those estimates are significantly differ-
ent from each other” (4), since statisti-
cal tests usually are appropriate for
independent samples. While this
analysis has avoided presenting any
formal hypothesis tests, the findings
concerning PD and gingival bleeding
appear to represent a situation where
P-values are unnecessary to formulate
epidemiologic inferences. However, if
for any reason the use of phase-spe-
cific estimates (such as the ones pre-
sented here) is invalid, perhaps be-
cause of undocumented problems in
the survey design or implementation,
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it would appear essential to describe
promptly and unambiguously those
reasons, so that users of the public data
set can make informed decisions about
analytic strategies. However, it should
be emphasized that there is no evi-
dence that such problems occurred;
hence, it appears valid to make phase-
specific estimates. Indeed, they are es-
sential for those aspects of data collec-
tion that were limited to one phase (for
example, serum homocysteine).

it should be emphasized that these
findings of substantial bias were not
simply a consequence of a frivolous
“fishing expedition” to exploit the spe-
cial two-phase design of this study. As
noted in the introduction, our original
motive to investigate phase-specific
effects in periodontal disease was the
conspicuous discrepancy between the
previously reported findings (5) and
our preliminary analysis of the com-
bined-phase data. Clearly, we would
be unjustified in drawing conclusions
about bias if we had set out simply to
compare (say) 20 oral epidemiologic
indices because such an exercise could
be expected to produce a statistically
significant (P<.05) difference in at least
one of those comparisons.

While we cannot generalize from
this study to previous surveys, it is
conceivable that biases have occurred
in previous population estimates of
periodontal disease, possibly even of
the twofold magnitude observed here.
If that were the case, it would empha-
size a general need for caution when
interpreting results from such studies.
And whether or not previous surveys
have produced biased estimates, there
is a particular need to be circumspect
when attempting to interpret trends in
periodontal disease by comparing re-
sults from the current survey with es-
timates from previous studies.

Compared with the differences ob-
served in prevalence, there was less
variation between phases in associa-
tions between selected risk indicators
and periodontal disease, and the odds
ratios were not consistently lower in
one phase (Table 2). Differences in
odds ratios for PD were greater than
20 percent for three risk indicators
(sex, race, and diabetes history),
enough to constitute some minimal
amount of effect modification due to
phase. However, a difference of 18
percent also was observed between
phase-specific odds ratios for the dia-
betes—AL association, indicating that
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some level of effect modification can
occur, even for an outcome such as AL
that did not differ in prevalence be-
tween phases. Furthermore, addi-
tional analysis of the race-PD associa-
tion (selected because it had the great-
est degree of effect modification due to
phase) indicated that the variation
could be reduced through adjustment
for examiner effects within each
phase. For the associations that did not
differ substantially between phases,
there was little evidence of confound-
ing. Hence, it seems reasonable to use
these NHANES III data for examina-
tion of associations, even with indices
of PD and GB for which prevalence
estimates are substantially biased.

At first appearance, this conclusion
may seem unusually lenient, or at least
irreconcilable with the earlier recom-
mendation to avoid descriptive analy-
ses of the PD and GB data. In principle,
however, the greatest threat to validity
of associations arises when there is dif-
ferential misclassification of exposure
and disease (20). However, for many
exposures of relevance to periodontal
disease including the ones studied
here, it seems unlikely that the factors
contributing to biases in measurement
of disease (presumably examiner dif-
ferences, among other things) would
necessarily be greater or lesser among
subjects who were exposed versus
nonexposed. In other words, the mis-
classification is likely to be nondiffer-
ential, which has the known effect of
biasing the bivariate estimate of effect
toward the null. Furthermore, at least
one of the probable contributors to dis-
ease misclassification in this study
(namely, examiner) can be used in the
analysis to evaluate the extent of effect
modification, and, as occurred for the
race-PD association evaluated here,

adjustment may reduce the amount of
bias in odds ratios. In any event, it
would appear prudent for investiga-
tors to evaluate carefully phase-spe-
cific associations, seeking evidence of
confounding or effect modification
and attempting to correct for such ef-
fects when possible. Such an evalu-
ation would at least help to clarify the
amount of variation in odds ratios to
provide some general indication of the
amount of imprecision inherent in
these data.
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