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Severe Periodontitis and Risk for Poor
Glycémie Control in Patients with Non-
Insulin-Dependent Diabetes Mellitus
George W. Taylor,* Brian A. Burt? Mark P. Becker? Robert J. Genco? Marc
Shlossman? William C. Knowler) and David J. Pettiti

This study tested the hypothesis that severe Periodontitis in persons with non-

insulin-dependent diabetes mellitus (NIDDM) increases the risk of poor glycémie con-

trol. Data from the longitudinal study of residents of the Gila River Indian Community
were analyzed for dentate subjects aged 18 to 67, comprising all those: 1) diagnosed
at baseline with NIDDM (at least 200 mg/dL plasma glucose after a 2-hour oral
glucose tolerance test); 2) with baseline glycosylated hemoglobin (HbA,) less than
9%; and 3) who remained dentate during the 2-year follow-up period. Medical and
dental examinations were conducted at 2-year intervals. Severe Periodontitis was spec-
ified two ways for separate analyses: 1) as baseline periodontal attachment loss of 6
mm or more on at least one index tooth; and 2) baseline radiographie bone loss of
50% or more on at least one tooth. Clinical data for loss of periodontal attachment
were available for 80 subjects who had at least one follow-up examination, 9 of whom
had two follow-up examinations at 2-year intervals after baseline. Radiographie bone
loss data were available for 88 subjects who had at least one follow-up examination,
17 of whom had two follow-up examinations. Poor glycémie control was specified as
the presence of HbA, of 9% or more at follow-up. To increase the sample size, ob-
servations from baseline to second examination and from second to third examinations
were combined. To control for non-independence of observations, generalized esti-
mating equations (GEE) were used for regression modeling. Severe Periodontitis at
baseline was associated with increased risk of poor glycémie control at follow-up.
Other statistically significant covariates in the GEE models were: 1) baseline age; 2)
level of glycémie control at baseline; 3) having more severe NIDDM at baseline; 4)
duration of NIDDM; and 5) smoking at baseline. These results support considering
severe Periodontitis as a risk factor for poor glycémie control and suggest that phy-
sicians treating patients with NIDDM should be alert to the signs of severe Periodon-
titis in managing NIDDM. J Periodontol 1996;67:1085-1093.

Key Words: Periodontitis/complications; diabetes mellitus, non-insulin dependent; hy-
perglycemia; hypoglycemia; longitudinal studies; epidemiology; models, statistical.

Diabetes mellitus and adult periodontal disease are two
relatively common chronic diseases in the United States.
Both conditions can produce disability, and clinicians
have long assumed these diseases are biologically linked.
The presumed link between diabetes mellitus and perio-
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dontitis is considered to stem from an increased suscep-
tibility of people with diabetes to many types of infec-
tions, though this hypothesis has been questioned.1-2 Other
work has suggested that diabetes adversely affects host
resistance only to certain infections which influence the
endocrinologic-metabolic status of the diabetic patient.
Gram-negative anaerobes have been implicated in this lat-
ter set of infections, with Bacteroides species among the
organisms identified.3-5 Adult Periodontitis is a bacterial
infection in which Gram-negative anaerobes, including
Porphyromonas gingivalis and Prevotella intermedia
(classified in the genus Bacteroides until 1988 and 1990,
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respectively67), spirochetes, and occasionally the mi-
croaerophilic organism Actinobacillus actinomycetem-
comitans, dominate the flora in subgingival bacterial
plaque and are considered putative periodontopathogens.8-15

Many studies have reported a positive relationship be-
tween poor glycémie control and increased occurrence of
Periodontitis,16-32 though a number have also reported no
association.33-43 These studies vary extensively in their de-
sign, conduct, and analyses, and the collective findings
from them are inconsistent. No firm conclusions can be
drawn from this body of literature.

There is far less research into the converse question,
that is, whether periodontal infection contributes to prob-
lems with glycémie control. Despite this lack of research
evidence, a relationship between the detrimental effects
of periodontal infection on metabolic control and the ben-
eficial effects on metabolic control from treating peri-
odontal infections in people with diabetes has long been
presumed.44 Indeed, this relationship is still cited in cur-
rent texts of both internal medicine and periodontology.45^7
Williams and Manan48 noted reductions in insulin require-
ments for seven of nine patients after periodontal therapy,
an interesting finding that does not appear to have been
investigated further. Miller et al.,49 in a pilot study eval-
uating the effect of reducing gingival inflammation on

glycémie control in nine patients, reported an association
between improved periodontal bleeding response and
more favorable blood glucose levels. There are no further
reports from longitudinal studies or clinical trials that spe-
cifically assess the effect of periodontal infection or its
treatment on glycémie control in non-insulin-dependent
diabetes mellitus (NIDDM).

An opportunity to study this issue came from a longi-
tudinal study among residents of the Gila River Indian
Community, the majority of whom are from the Pirna
tribe, in Sacaton, Ariz. The National Institute of Diabetes,
Digestive and Kidney Diseases (NIDDK) has been con-

ducting longitudinal research in this community since
1965 to study non-insulin-dependent diabetes mellitus.50
This community has the highest prevalence of NIDDM
ever reported-around 50% of its adult population.51 In
conjunction with the NIDDK study, a longitudinal project
investigating oral health in the Gila River Indian Com-
munity included clinical periodontal data collection for 7
years (1982 to 1989).52 Previous analyses from these proj-
ects, both cross-sectional52-54 and longitudinal,55 have con-
cluded that Periodontitis was more prevalent, more se-

vere, and of higher incidence in Pirna Indians with
NIDDM than in those without. The purpose of the lon-
gitudinal analyses in the present paper is to test the hy-
pothesis that the risk of poor glycémie control is greater
in subjects with severe Periodontitis than in those who do
not have severe Periodontitis.

METHODS
Data for these analyses came from participants of the on-

going NIDDK longitudinal follow-up study and related
longitudinal oral health study conducted from 1982 to
1989. Subjects of the present study were of at least half
Pirna ancestry, aged 18 years or older, and examined ap-
proximately every 2 years. The examination included a

medical history, physical examination, and review of out-

patient and inpatient medical care records. Subjects se-

lected were all dentate persons 1) who were diagnosed as

having NIDDM at baseline, defined by plasma glucose
concentration ^ 200 mg/dL 2 hours after a 75-g oral glu-
cose load; 2) who had good glycémie control, as shown
by baseline glycosylated hemoglobin (HbA,) values less
than 9% measured by electrophoresis56-57; and 3) who did
not become edentulous during the 2-year follow-up pe-
riod. Venous blood was obtained 2 hours following in-
gestion of 75 g of carbohydrate.1 Plasma glucose was de-
termined by the modified Hoffman method, using the Au-
toanalyzer.* The outcome variable, poor glycémie control,
was specified as a dichotomous response and defined as
the occurrence of glycosylated hemoglobin (HbA,) of 9%
or more at follow-up.

All clinical oral examinations were conducted by one

of two trained and calibrated examiners who, at the time
of examination, did not know the diabetes status of ex-

amined subjects. Assessment of clinical loss of periodon-
tal attachment was made using the six index teeth or their
substitutes as described by Ramfjord.58 Panoramic radio-
graphs were used to assess interproximal bone loss
throughout the dentition, with measurements made using
a modified Schei technique.52 All panoramic radiographs
were made by a single technician and read by a single
examiner, both of whom were unaware of the diabetes
status of the subjects. Examiner reliability was assessed
by analyses of duplicate clinical periodontal examinations
and radiographie evaluations; both intra- and interexam-
iner reliability were good.52 Severe Periodontitis is diffi-
cult to define, especially when definitions mix the mea-

sures of past and current disease. For this study, severe

Periodontitis was specified in two different ways for sep-
arate analyses: 1) baseline radiographie bone loss of 50%
or more for at least one tooth (WBS50); and 2) baseline
maximum loss of periodontal attachment of 6 mm or

more for at least one index tooth (MAXAL6). This ap-
proach of using two separate measures of destructive Per-
iodontitis was chosen to maximize the yield of informa-
tion, because the number of subjects in the data set with
radiographs differed from the number with clinical loss
of periodontal attachment (LPA) measurements. It also
was an attempt to test the consistency of an effect using
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these separate measures of past disease. In selecting the
specifications for severe Periodontitis, several alternative
specifications were evaluated, varying the minimum num-

ber of affected teeth/sites required in the definition (i.e.,
2 or more vs. less than 2, ..., 6 or more vs. less than 6)
in bivariate analyses of the association between severe

Periodontitis and poor glycémie control at follow-up. In
each case there was a tendency for the odds ratio to in-
crease as the minimum number of affected teeth/sites re-

quired for the severe disease category increased. In any
scheme used to develop a dichotomous specification for
those with and without severe Periodontitis, some subjects
would likely be misclassified. The definitions selected for
these analyses tend to misclassify some subjects who tru-

ly do not have severe Periodontitis as having severe dis-
ease. However, this misclassification is non-differential;
i.e., the classification errors for periodontal status are in-
dependent of category of follow-up glycémie control sta-
tus. The consequence of this non-differential misclassifi-
cation is to potentially attenuate the effects of severe peri-
odontal disease on the outcome, thus biasing estimated
odds ratios toward the null. Hence, this most conservative
specification was chosen because it would have made it
more difficult to reject the null hypothesis.

Several additional behavioral, medical, dental, and de-
mographic variables were included to further characterize
subjects' baseline status. Self-reported alcohol consump-
tion and smoking were obtained from subject interviews.
Additional variables from the clinical medical examina-
tion included obesity, defined as body mass index > 27
kg/m2; retinopathy, defined as any proliferative retinopa-
thy or preretinal hemorrhage or at least one microaneur-
ism or hemorrhage detected using direct opthalmoscopy;
and systolic blood pressure, measured at the first Korot-
koff sound in the right arm with the subject in the supine
position near the end of the medical examination. Medical
laboratory tests provided information for nephropathy,
defined as having a urine albumin to urine creatinine^ratio
of at least 30 mg/g59-60; HbA,; NIDDM severity, assessed
during an oral glucose tolerance test by the plasma glu-
cose concentration drawn 2 hours after the 75-g glucose
load, with "less severe" defined as no history of insulin
use and fasting plasma glucose less than 300 mg/dL and
"more severe" defined as a history of ever using insulin
or plasma glucose s 300 mg/dL; and coronary artery
disease, determined by presence of an abnormality on

resting EKG according to the Whitehall criteria.61 A re-

view of medical records provided information on insulin
use and oral hypoglycémie use, distinguishing those sub-
jects who ever used these agents prior to or at baseline
(insulin use, ever or oral hypoglycémie use, ever) from
those who were current users at baseline (current insulin
use or current oral hypoglycémie use). Further information
obtained from the dental examination included number of
teeth. Demographic variables included age and gender.

This group of baseline covariates was assessed for con-

founding and effect modification in the analyses. Age,
duration of NIDDM, HbA,, number of teeth, and systolic
blood pressure were used in models as continuous covar-

iates. Indicator variables were defined for alcohol con-

sumption (a 3 drinks per day), gender, insulin use, oral
hypoglycémie use, nephropathy, coronary artery disease,
retinopathy, NIDDM severity, and smoking in the year
preceeding baseline.

The data used for these analyses consisted of obser-
vations from baseline to second examination and from the
second to third examination for subjects who still met the
baseline entry requirements. Clinical data for loss of peri-
odontal attachment were available for 80 individuals who
had at least one follow-up examination, 9 of whom had
two follow-up examinations at 2-year intervals after base-
line. Radiographie bone loss data were available for 88
individuals who had at least one follow-up examination,
17 of whom had two follow-up examinations. The term

"subject" in these analyses refers to an observation in the
combined data sets. These combined data maximized the
number of observations, thus allowing for maximal pre-
cision in estimating effects.

Contingency table analyses were used to examine data
adequacy and patterns suggesting possible confounding
or effect modification. Multivariate logistic regression
models were used to estimate the effect of severe Perio-
dontitis on risk for poor glycémie control. These regres-
sion models were developed in stages. First, using a for-
ward stepwise selection procedure,** all variables con-
sidered to be confounders or effect modifiers were in-
cluded in a model with a severe Periodontitis variable
(WBS50 or MAXAL6) forced to remain in each model
considered. In addition to testing for main effects, first-
order interaction terms were tested for relations between
baseline age and all the covariates, between baseline peri-
odontal status and several selected covariates, and be-
tween baseline glycémie control and all other main ef-
fects. Quadratic terms were tested for all continuous co-
variates.

This initial selection stage resulted in two candidate
models, i.e., one for each of the severe Periodontitis vari-
ables. Next, each of the variables that had been previously
eliminated in the stepwise selection procedure was sepa-
rately retested in these two final candidate models and
retained if it attained a level of significance with  value
< 0.05. Finally, to control for non-independence of ob-
servations, these candidate models were retested using
generalized estimating equations (GEE),62 and the final
two models were accepted from the GEE estimation pro-
cedure. Regression models were tested for goodness-of-
fit63 before final acceptance, and conclusions on whether

**PROC LOGISTIC, SAS Institute, Inc., Cary, NC.
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Table 1. Baseline Descriptors for Subjects Who Had NIDDM and Radiographic Bone Loss Data and
Were Included in the Generalized Estimating Equation Analysis of the Incidence of Poor Glycémie
Control* (Percentage of Subjects by Follow-Up HbA! Status Shown in Parentheses)

Follow-Up HbA,
WBS50 Data MAXAL6 Data

<9% 9% or more <9% 9% or more

No. of observations* 84 (80.0)
No. of subjects 67 (76.1)
No. with second examf 14 (82.4)

Gender: Male 26(83.9)
Female 58 (78.4)

Age (range, in years) 18.0-67.4

Age categories
18-34 25(81.0)
35-49 29 (70.7)
50-64 27 (90.0)
65+ 3(100)

Number of teeth (range) 3-28
Number of teeth (median) 26
Duration (median years) 4.7
HbA, (median %) 7.0

WBS50
<50% 47 (83.9)
50%+ 37 (75.5)

MAXAL6
<6 mm NA
6 mm+ NA

21 (20.0) 72(80.9) 17(19.1)
21 (23.9) 63 (78.7) 17 (21.2)
3(17.6) 8(88.9) 1(11.1)
5 (16.1) 24(88.9) 3 (11.1)

16(21.6) 48 (77.4) 14(22.6)
26.7-60.5 18.0-65.9 29.5-60.5

6(19.0) 25 (89.0) 3(11.0)
12 (29.3) 27 (73.0) 10 (27.0)
3(10.0) 19(82.6) 4(17.4)

0 1 (100) 0
17-28 11-28 21-28
26 26 26

2.9 4.5 3.2
7.9 7.0 7.8

9 (16.1) NA* NA
12 (24.5) NA NA

NA 55 (88.7) 7 (11.3)
NA 17 (63.0) 10 (37.0)

*Includes all observations from baseline to second examination and second examination to third examination.
'Includes only subjects who had two follow-up examinations after baseline.
*NA = not applicable.

to accept or reject the hypothesis were based on the total
of all the analyses.

RESULTS
Table 1 shows the distribution of baseline characteristics,
specifying baseline worst bone score (WBS50) or maxi-
mum loss of periodontal attachment (MAXAL6), respec-
tively, as the principal exposure. The number is larger for
subjects using WBS50 data than for those with MAXAL6
data (105 versus 89) because several subjects who had
radiographs taken were at risk for subacute bacterial en-

docarditis and hence were excluded from periodontal
probing examination. A higher proportion of subjects
with severe Periodontitis (WBS50 or MAXAL6) than
those without had poorer glycémie control at follow-up
(i.e., 24% vs. 16% for WBS50 and 37% vs. 11% for
MAXAL6). There were higher proportions of subjects
who were female and higher proportions in the 35 to 49
years age category who developed poor glycémie control
at follow-up. Baseline values were lower for median du-
ration of NIDDM and higher for median glycosylated he-
moglobin for subjects who had poor glycémie control at

follow-up.
Bivariate relationships between glycémie control at fol-

low-up and subject characteristics at baseline are pre-
sented in Table 2. The WBS50 and MAXAL6 data sets
were consistent in the proportions of subjects having poor

glycémie control at follow-up in 10 of the 13 covariate
subtables of Table 2 (seven had higher proportions with
the specific baseline characteristic: more severe NIDDM,
ever used insulin, currently using oral hypoglycémie drug,
ever used oral hypoglycémie drag, obesity, smoking, us-

ing alcohol; three had smaller proportions: retinopathy,
nephropathy, and coronary artery disease). Only NIDDM
duration and current insulin use had proportions in op-
posite directions. Several of the bivariate associations in
the table have sparse data in at least one cell.

Table 2 gives a good overview of relationships between
key variables, but also may be misleading when potential
confounding exists, and when other indirect relationships
exist but are not clearly visible. Multivariate models were
therefore estimated to evaluate the results of simulta-
neously considering the effects of severe Periodontitis and
all other covariates. Table 3 summarizes the results of the
final, most parsimonious GEE models analyzing the as-

sociation between severe Periodontitis at baseline and in-
cident poor glycémie control, using WBS50 and MAX-
AL6 as separate specifications for baseline severe Perio-
dontitis. Both models suggest that severe Periodontitis at
baseline has a significant influence on poor glycémie con-

trol at follow-up, when controlled for the other covariates.
Additional covariates in the WBS50 model that were sig-
nificantly associated with poor glycémie control at fol-
low-up included baseline values for age, glycosylated he-



Volume 67
Number 10 TAYLOR, BURT, BECKER, ET AL. 1089

Table 2. Cumulative Incidence of Poor Glycémie Control at Follow-Up, by Baseline Status for Se-
lected Subject Characteristics*

Follow-Up HbA,
WBS50 Data Set MAXAL6 Data Set

HbA, > 9% HbA, > 9%
Baseline  % Baseline  Baseline  % Baseline  

All subjects 105
NIDDM duration

5 yrs or less 67
More than 5 yrs 38

Retinopathy
Absent 100
Present 5

Nephropathy
Absent 87
Present 18

NIDDM severity
Absent 76
Present 29

Coronary artery disease
Absent 92
Present 13

Current insulin use

Absent 99
Present 6

Insulin use, ever

Absent 91
Present 14

Current oral hypoglycémie use

Absent 97
Present 8

Oral hypoglycémie use, ever

Absent 86
Present 19

Obesity
Absent 9
Present 96

Smoking
Absent 82
Present 23

Alcohol use

0-2/day 98
3+/day 7

Number of teeth
24-28 63
20-23 23
12-19 13
1-11 6

20.0 89 19.1

23.9 58 , 19.0
13.2 31 19.4

21.0 84 20.2
0 5 0

20.7 73 20.6
16.7 16 12.5

14.5 66
-

10.6
34.5 23 43.5

20.6 81 19.7
15.4 8 12.5

20.2 83 18.1
16.7 6 33.3

18.7 76 14.5
28.6 13 46.2

19.6 81 18.5
25.0 8 25.0

18.6 71 15.5
26.3 18 33.3

11.1 9 11.1
20.8 80 20.0

18.3 69 17.4
26.1 20 25.0

19.0 84 19.0
28.6 5 20.0

23.8 54 18.5
21.7 19 26.3

7.7 10 0
0 1 0

 Includes observations used in GEE analysis from baseline to second examination and second examination
to third examination.

moglobin, and an interaction between age and periodontal
status. Baseline values for smoking and severity and du-
ration of NIDDM were additional covariates in the MAX-
AL6 model. Table 4 presents the estimated age-specific
odds ratios for poor glycémie control at follow-up, de-
tailing a decreasing effect of severe Periodontitis as age
increases, as suggested by the baseline age-periodontal
status interaction term in the WBS50 model.

DISCUSSION
The results from this analysis strongly suggest that severe

Periodontitis at baseline increases risk for poorer glycém-

ie control at follow-up. Both the WBS50 and MAXAL6
models are consistent in estimating positive coefficients
for the two alternative indicators of severe Periodontitis.
It is particularly noteworthy that the effect of baseline
severe Periodontitis on glycémie control at follow-up
holds, even when controlled for the effects of baseline
level of HbA, in the WBS50 model (odds ratio = 1.94,
95% confidence interval = 1.08, 3.48) and in the MAX-
AL6 model (the coefficient for HbA, is not shown be-
cause its P-value was > 0.05), and for baseline severity
of NIDDM in the MAXAL6 model (OR = 17.78, 95%
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Table 3. Summary Table of Coefficient Estimates from GEE Modeling Procedures for Incidence of Poor Metabolic Control

WBS50 Data*
 = 105

Coeff. Std.
Estm. Error P-Value* Odds Ratio5

MAXAL6 Data'
 = 89

Coeff. Std.
Estm. Error P-Value* Odds Ratio5

Main Effects
Intercept
WBS50/MAXAL6
Age" (in years)
HbA," (%)
Smoking"
NIDDM severity"
Duration" (in years)

Interaction
Age-WBS"

6.726
5.558
0.007
0.660

-0.118

2.343
2.500
0.027
0.299

0.054

.0041

.0264

.7795

.0271

.0366

see Table 4
see Table 4
1.9(1.1,3.5)

see Table 4

-2.700
1.821

1.573
2.878

-0.193

0.065
0.719

0.763
0.701
0.068

<.0001
.0114

.0394

.0001

.0045

6.2(1.5,25.3)

4.8 (1.1,21.5>
17.8 (4.5,70:2)
0.8 (0.7, 0.9)

*Generalized estimating equations model of incidence of poor glycémie control using baseline severe Periodontitis defined as baseline radiographie
bone loss of 50% or more (WBS50). The data set for this analysis was created by including observations from baseline to second biennial examination
and observations from second biennial examination to third biennial examination.
'Generalized estimating equations model of incidence of poor glycémie control using baseline severe Periodontitis defined as baseline maximum loss
of periodontal attachment of 6 mm or more (MAXAL6). The data set for this analysis was created by including observations from baseline to second
biennial examination and observations from second biennial examination to third biennial examination.
'P-value of the standard normal variable, z-
§Odds ratio with 95% confidence limits in parentheses.
"Variables found to have P-value > 0.05 were excluded from the model and do not have estimates for the coefficient, standard error, P- value, or odds
ratio presented in this table.
 term to specify the interaction between age and WBS50.

Table 4. Severe Periodontitis-Associated, Age-Specific, Odds Ra-
tios for Poor Glycémie Control at Follow-Up, Using the WBS50
Model

95% Confidence Limits

Baseline Age Odds Ratio Lower Limit Upper Limit

25 13.57 1.74 105.99
30 7.52 1.48 38.20
35 4.17 1.17 14.88
40 2.31 0.79 6.79
45 1.28 0.42 3.95
50 0.71 0.18 2.85

CI = 4.50, 70.24). These two covariates would be ex-

pected to have a strong influence on the degree of gly-
cémie control at follow-up and possibly to overshadow
the estimated effects of other variables in their respective
statistical models. The different covariate patterns of the
two models may be due to the relatively small sample
sizes, different N, slightly different distributions of sub-
jects for the covariates, and different dimensions of the
two measures of severe Periodontitis.

Although the two models assessing the effects of se-
vere Periodontitis have different covariate patterns, they
are complementary in providing insight into other factors
to be considered in evaluating the effect of severe Per-
iodontitis on the risk of poor glycémie control. The
WBS50 model suggests that the effect of severe Perio-
dontitis at baseline decreases as age increases. This find-
ing is illustrated in Table 4, where the odds ratios for
subjects with severe Periodontitis (WBS50 = 1) decrease
with increasing age. These odds ratios reflect the direction

and statistical significance of the term for the interaction
between baseline age and periodontal status (AGE-WBS)
in the WBS50 model shown in Table 3. This interaction
must be interpreted cautiously because, as shown in Table
1, there are sparse data in the 50 to 64 and 65 and older
age categories and there was only one subject younger
than 20 years old. The MAXAL6 model suggests that
baseline status as a smoker increases risk for poor gly-
cémie control at follow-up (OR = 4.82, 95% CI = 1.08,
21.51). This could be a direct effect or it could be that
people who smoke are less health conscious than non-

smokers, and may therefore be less concerned with main-
taining good glycémie control. The MAXAL6 model also
suggests that duration of NIDDM is inversely related to

having poorer glycémie control at follow-up (OR = 0.82,
95% CI = 0.72, 0.94). This result contrasts with the data
in Table 2, where there is essentially no difference for
duration of NIDDM in the proportion of subjects having
poor glycémie control at follow-up in the MAXAL6 data
set, while a higher proportion of subjects with shorter
duration of NIDDM have poor control at follow-up in the
WBS50 data set. This apparent paradox is not disturbing
when one considers that the magnitude and direction of
bivariate associations, as presented in Table 2, can change
in multivariate models where the effects of several vari-
ables are controlled simultaneously. A greater incidence
of poor glycémie control in diabetic subjects with shorter
duration of diabetes would be consistent with the hypoth-
esis that hyperglycemia worsens linearly with time, but
at different rates in different people. Under this hypoth-
esis, those with rapidly worsening hyperglycemia would
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already have HbA, > 9% if their baseline examination
occurred when they already had a long duration of dia-
betes, and thus they would have been excluded from this
analysis. On the other hand, the only subjects with long
duration at their baseline examination with HbA, < 9%
would be those with a relatively slow (or no) worsening
of hyperglycemia with time. Such subjects would be more

likely to remain in good control during the follow-up pe-
riod.

The analyses in this report were confined to subjects
with NIDDM. The dependent variable, incidence of poor
glycémie control, was given a dichotomous specification;
poor control was defined as the occurrence of glycosy-
lated hemoglobin of 9% or more. This value was chosen
because it is near the HbA, antimode in this population.64
Recognizing that choice of a cut-point results in an ar-

bitrary classification by categorizing the continuous val-
ues for glycosylated hemoglobin, separate analyses were

performed (results not shown) using cut-points of 8% and
10% as well as a continuous specification for glycosylated
hemoglobin at both baseline and follow-up. In those aux-

iliary analyses, the estimated effect for severe Periodon-
titis remained significant and consistent with the effects
presented here. A potential limitation in these analyses is
choosing an arbitrary cut-point for the HbA,. By dichot-
omizing follow-up HbA,, subjects with values slightly
above or below the cut-point would tend to be similar
with respect to glycémie control status, although classi-
fied as having a different response in the analysis. This
imposed dichotomous classification of good versus poor
control could weaken the power to detect an effect for
severe Periodontitis by assigning subjects with similar fol-
low-up glycémie control characteristics to different re-

sponse categories. However, the results of these analyses
permitted rejecting the null hypothesis, thus strengthening
support for an effect of severe Periodontitis on glycémie
control.

As described earlier, severe Periodontitis was specified
in two ways: 1) baseline radiographie bone loss of 50%
or more (WBS50); and 2) baseline maximum loss of peri-
odontal attachment of 6 mm or more (MAXAL6). Using
the two different ways of measuring Periodontitis and
conducting separate analyses provided increased rigor in
assessing an effect for baseline Periodontitis. These mea-

sures, while correlated,65 still detect somewhat different
dimensions of severe Periodontitis. Because measurement
error is unavoidable and different for each of the two
measurement techniques used, the likelihood of the effect
of severe Periodontitis on glycémie control found being
attributed to spurious association is diminished.

While there is no general acceptance of definitions for
severe or moderate Periodontitis, it seems reasonable to
define a level of attachment loss or pocketing which rep-
resents a point beyond which the function of the tooth is
compromised or the risk of tooth loss is great.66 One mod-

el sees moderate Periodontitis as that degree of bone loss,
periodontal attachment loss, or pocketing that is detect-
able clinically or radiographically but is not severe

enough to threaten the loss of teeth.67 Severe Periodontitis,
in this model, is that degree of Periodontitis sufficiently
severe to cause or threaten the loss of teeth. Operationally,
4 mm loss of periodontal attachment has been suggested
as the minimum for diagnosis of destructive Periodonti-
tis68 and 6 mm or more for severe Periodontitis. This def-
inition is satisfactory from an epidemiological perspective
because it allows sufficient discrimination in a population
for risk factor research.67 Additionally, radiographie bone
loss of 50% or more, or LPA of 6 mm or more, is often
considered by clinicians as points beyond which the func-
tion of a tooth is compromised or risk of tooth loss in-
creased.

This study supports earlier clinical impressions and
provides epidemiological evidence that severe Periodon-
titis is a risk factor for poor glycémie control, but the
mechanisms explaining this relationship have not yet been
clarified. Relationships between insulin resistance and ac-

tive inflammatory connective tissue diseases,6970 other
clinical diseases,71-72 and acute infection73-74 have been re-

ported however. Further, tumor necrosis factor- and oth-
er cytokines found to be associated with destructive Per-
iodontitis have been reported to interfere with insulin's
actions and lead to metabolic alterations during infec-
tion.75-76 Though not tested, these relationships may also
be important when there is severe periodontal infection
in patients with NIDDM.

The analyses presented here support considering severe

Periodontitis as a risk factor for poor glycémie control.
They suggest the possibility that prevention and manage-
ment of Periodontitis may be important to successful
management of NIDDM and that physicians treating pa-
tients with NIDDM should be alert to the signs of severe

Periodontitis. Future studies should test this relationship
in other populations, evaluate the effects of treating Per-
iodontitis on metabolic control in patients with diabetes,
and address molecular mechanisms that would explain
this association.
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