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The association of periodontal disease with
12 selected variables, considered to be intrin-
sic-systemic factors, was examined. A prob-
ability sample of 324 subjects, >20 years old,
was studied. The statistical analyses included
simple, partial, and multiple correlations, and
linear regression.

Systemic diseases in general, and coronary
heart disease in particular, may be associated
with periodontal disease.1-5 Most of the in-
vestigations that support this association,
however, have involved small samples or a
subjective classification for assessing perio-
dontal disease. The purpose of this report is
to examine the association of periodontal dis-
ease and 12 physiologic and social variables
selected from measurements obtained during
the initial investigation in the Tecumseh
Community Health Study.6'7

Inflammatory periodontal lesions appear
to be initiated by extrinsic-local factors that
act on the gingival sulcus. These local factors
may be calculus, oral debris, bacteria, over-
hanging fillings, occlusal imbalance, or even
vigorous tooth brushing. There has been evi-
dence pointing to bacteria as the most im-
portant of these factors.8 The inflammatory
response, chronic in character, progresses to
the underlying tissues as the irritants burrow
to depth. This response, in turn, is modified
by intrinsic-systemic conditions operative
within the host.9 Generalized disease states
must be considered as modifying rather than
initiating factors. The associations between
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age and periodontal disease'0-12 and between
cigarette smoking and periodontal disease'3-'5
have been reported.
The individual with periodontal disease is

usually treated by removing the extrinsic-
local factors. When the local factors are re-
duced, the observable evidence of disease
regresses, even though the systemic factors
remain the same. Periodontal disease may
progress to residual damage (loss of the
epithelial attachment) but, if the disease is
treated, the gingival tissues can still return to
normal.

Recent investigations 6-2 have reported
the association of certain variables with in-
creased risk for coronary heart disease. These
same studies have reported that multiple-risk
variables further increase the risk of coronary
heart disease compared with that incurred
from single-risk variables alone. Because
these variables have been known as precur-
sors to coronary heart disease, the relation-
ship of these variables to periodontal disease
will be examined.

Extrinsic-local factors, calculus and
plaque, have been previously shown to be
strongly associated with periodontal disease,9
but were not considered because the focus of
this report is to consider the intrinsic-systemic
factors.

Materials and Methods
Since 1959, the schools of public health

and medicine of The University of Michigan
have conducted a longitudinal study of the
health of the entire population of Tecumseh,
Michigan, and the immediately surrounding
area.7 As part of that investigation, complete
medical histories were obtained and physical
examinations, electrocardiograms, and se-
lected laboratory tests were performed on
the population of Tecumseh in 1959 and
1960. In addition, Jamison10 examined a
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10% geographically stratified random sample
(801 subjects) to determine the prevalence
and severity of periodontal disease. Of those
eligible for this study, 690 (86%) partici-
pated.
The sample of the present report (408)

consists of those subjects who were 20 years
and older and for whom dental and medical
information was available. Of the 408 sub-
jects, 84 were edentulous and will be analyzed
in a later report.21 The remaining 324 sub-
jects (154 males and 170 females) were
dentulous.
The 12 social and physiologic variables

that seemed pertinent to the study were age,
height, weight, relative weight, systolic blood
pressure, diastolic blood pressure, blood glu-
cose, serum cholesterol, serum uric acid, one-
second forced expiratory volume (FEV1 , *

alcohol consumption, and cigarette consump-
tion.
The standard methods used for measure-

ment of physiologic variables have been
described previously. 722 The rates of alcohol
and cigarette consumption were obtained
from the medical history. Alcohol was meas-
ured in units per week (one unit 5 gm of
alcohol) and cigarette consumption was
measured in packs per day.
The method used for assessing gingival

disease was the periodontal disease index
(PDI) described by Ramfjord.22 The PDI
appears to be sensitive to residual damage.
For example, using the PDI, a score of 4 or
more (which indicates loss of epithelial at-
tachment) cannot be reduced as the con-
sequence of successful treatment. For this
reason, the PDI score was used as a measure
of periodontal assessment in this study.

Simple correlation analyses were per-
formed for periodontal disease, as scored by
the PDI, and each of the 12 variables. Be-
cause most of these variables were highly
correlated with age,17 a stepwise partial
analysis and a multiple correlation analysis
were performed with periodontal disease as
the dependent variable. The stepwise partial
correlation analysis proceeded in this man-
ner:

(1) The dependent variable (periodontal
disease) was preselected. (2) The independ-
ent variables were selected by order of magni-
tude; that is, by the highest partial correlation
with the dependent variable. (3) After each

* The FEVi is a measure of pulmonary obstruction and
is used as an index of chronic obstructive lung disease.

independent variable was selected, it was
correlated with the dependent variable, with
the effect of each preceding variable re-
moved.

Because cigarette consumption and age
were significantly related to PDI score in
both sexes, further analysis of the variables
was warranted. As a second experiment,
(1) the subjects were divided by age and
sex, and by nonsmokers and smokers. (2) to
examine the association of periodontal dis-
ease and age, the effect of cigarette consump-
tion related to both age and periodontal dis-
ease had to be held constant. The PDI
adjusted score for smoking was computed
by the following formula:

PDlob5-PDlpred PDIb5-(PDI+a+bx)
PD dj=

pdi sm pdi sm
where

PD1031, =observed PDI score
PDlpred=predicted PDL score

PDI =mean PDI score
a+bx =linear equation

b =slope of the line
pdi * sm =partial correlation coefficient for

PDI score and smoking

Results
The results of simple correlations between

periodontal disease, as scored by the PDI,
and each of the 12 selected variables, accord-
ing to sex, are presented (Table 1). The PDI
score was significantly correlated (at the 0.05
level or better) with age, cigarette consump-
tion, blood glucose, serum cholesterol, and
FEV, in both sexes. In females, however, the
PDI score was also significantly correlated
to height and to systolic and diastolic blood
pressures. In males, the PDI score had the
highest correlation coefficients with age, cig-
arette consumption, and FEV,; whereas, in
females, the PDI score had the highest cor-
relation coefficients with age, systolic blood
pressure, and FEV1.

The results of the stepwise partial and
multiple correlation analyses for the 12 vari-
ables, with periodontal disease as the depend-
ent variable, are summarized according to
sex (Table 2). In males, age had the highest
correlation with periodontal disease; the
partial correlation for this variable was the
same as the simple correlation, because age
had no variable preceding it. Cigarette con-
sumption had the next highest partial correla-
tion with periodontal disease; the partial cor-
relation for the variable was determined by
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TABLE 1
SIMPLE CORRELATIONS BETWEEN PDI SCORE AND 12 SELECTED VARIABLES, ACCORDING TO SEX

Male Female
Simple Simple

Correlation Significance Correlation Significance
Variable Coefficient Level Coefficient Level

Age 0.507 0.01 0.512 0.01
Height -0.129 NS* -0.149 0.05
Weight -0.078 NS 0.013 NS
Relative weight 0.082 NS -0.032 NS
Systolic blood pressure 0.023 NS 0.349 0.01
Diastolic blood pressure 0.094 NS 0.185 0.05
Blood glucose 0.246 0.01 0.240 0.01
Serum cholesterol 0.181 0.05 0.224 0.01
Serum uric acid -0.065 NS 0.109 NS
FEV1 -0.300 0.01 -0.424 0.01
Alcohol consumption 0.060 NS 0.028 NS
Cigarette consumption 0.302 0.01 0.176 0.05

* Not significant.

TABLE 2
PARTIAL AND MULTIPLE CORRELATION ANALYSES FOR 12 INDEPENDENT VARIABLES, WITH

PERIODONTAL DISEASE INDEX (PDI) SCORE AS THE DEPENDENT VARIABLE, ACCORDING TO SEX

Reduction
Partial Multiple of the Total

Independent Variable Correlation Correlation Variance
Step Eliminated Coefficient Coefficient Explained P

Males
1 Age 0.507 0.507 0.686 <0.01
2 Cigarette consumption 0.354 0.591 0.936 <0.01
3 Blood glucose 0.144 0.603 0.972 0.07
4 Weight -0.103 0.608 0.990 0.20
5 Serum uric acid -0.046 0.610 0.994 0.57
6 Height -0.032 0.610 0.996 0.69
7 Cholesterol -0.029 0.611 0.997 0.71
8 Systolic blood pressure -0.021 0.611 0.998 0.79
9 Diastolic blood pressure 0.027 0.611 0.999 0.74
10 Relative weight 0.006 0.611 0.999 0.94
11 FEV1 0.006 0.611 0.999 0.94
12 Alcohol consumption -0.005 0.611 1.000 0.94

Females
I Age 0.512 0.512 0.718 <0.01
2 Cigarette consumption 0.239 0.551 0.835 <0.01
3 Systolic blood pressure 0.190 0.574 0.904 0.01
4 FEV1 -0.154 0.588 0.948 0.04
5 Relative weight -0.112 0.594 0.970 0.14
6 Diastolic blood pressure -0.083 0.598 0.983 0.28
7 Cholesterol -0.065 0.601 0.990 0.40
8 Weight -0.051 0.602 0.995 0.51
9 Alcohol consumption -0.034 0.603 0.997 0.66
10 Blood glucose -0.029 0.603 0.999 0.70
11 Serum uric acid 0.023 0.603 0.999 0.77
12 Height <0.001 0.603 1.000 0.99

holding constant the preceding variable, age.
Blood glucose had the next highest partial
correlation with PDI score; the partial cor-
relation for this variable was determined by
holding constant the preceding variables, age
and cigarette consumption.
The multiple correlation coefficients were

determined in the same manner. The values
for "Reduction of the Total Variance Ex-

plained" (Table 2) are cumulative and indi-
cate how much of the variance that can be
explained is accounted for by each independ-
ent variable, including the previous variable.

Inspection of Table 2 reveals that, for both
sexes, age and cigarette consumption had the
highest partial correlations as well as P values
of less than 0.01. In the males, the partial
correlation for age was very high, and for

Vol 47 No. 3



460 SUMMERS AND OBERMAN

cigarette consumption was high; these two
variables accounted for 94% of the explained
variance. The partial correlation coefficients
of the remaining ten variables, for males,
were not statistically significant, even though
the simple correlation coefficients of some of
these variables were significant.

In the female subjects, the partial correla-
tion for age was very high, and for cigarette
consumption was high; these two variables
accounted for 83 % of the explained variance.
In females, the partial correlation coefficients
of systolic blood pressure and of FEV1 also
were significant.

CIGARETTE CONSUMPTION. - The mean
PDI scores for the groups that were created
are shown (Fig 1). In all age groups for both
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FIG 1.-Mean periodontal disease index
(PDI) score according to age, sex, and smok-
ing. White bars, nonsmokers; grey bars, smokers.

sexes, the smokers had a higher average PDI
score than the nonsmokers. In the age groups
40 to 49 and >50 for males, the difference
was statistically significant at the 0.01 and
0.05 levels, respectively.
AGE.-The adjusted PDI scores for

smokers and unadjusted PDI scores for non-

smokers were used to compute regression
lines for periodontal disease and age for both
sexes.

PDI=a+(b) (x)

Male smokers = 3.3944+(0.0560)
(age- 39.113)

Male nonsmokers= 3.5109+(0.0431)
(age-3 9.937)

Female smokers = 3.0740+ (0.0431)
(age-36.985)

Female nonsmokers = 3.2603+ (0.0433)
(age-40.138)

These regression lines were plotted in Fig-
ure 2. As age increased, PDI score increased
for both sexes, and for nonsmokers as well
as for smokers. At all ages, males had higher
PDI scores than females. The slopes (b) of
the regression lines for all females and male

FIG 2.-Regression line for mean periodontal
disease index (PDI) score and age, according
to sex and smoking. Adjusted PDI scores for
smokers and unadjusted PDI scores for non-
smokers.

nonsmokers were the same. The slope of the
regression line for male smokers was greater
than those for the other groups, but not
significant (P= 0. 1) .

Discussion
At times, a simple correlation coefficient

between two variables may be significant,
although these two variables may also be
associated with a third variable. Partial cor-
relation analysis can remove the effect of this
third variable. The data presented showed
high correlations between PDI score and
many of the 12 selected variables; partial
correlation analysis removed the effects of
the third variable common to the remaining
variables.

Periodontal disease was more severe in the
smokers for each age group. Cigarette con-
sumption may affect periodontal disease in
two ways. Directly, smoking can act as a
source of gingival irritation (local factor);
indirectly, smoking has been linked to sys-
temic illnesses, such as coronary heart dis-
ease,24 which can affect the gingival tissue
response4 (systemic factor) through altera-
tions to vascular tissue and through hemo-
dynamics. However, smokers and non-
smokers may have different oral hygiene
habits, or smokers and nonsmokers may be
different in constitution, with the smokers

.4

T
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having a predisposition to gingival irritation.
When the effect of cigarette consumption

related to both age and periodontal disease
was held constant, the slope for male smokers
was greater than that for the male non-
smokers and both groups of females. This
finding may indicate (1) an age-smoking
interaction, unaccounted for by the adjust-
ment for smoking, (2) unrecognized qualita-
tive differences between male smokers and
the rest of the sample, or (3) both of these
possibilities. Smoking, implicated in the
pathogenesis of several diseases including
coronary heart disease, appears to be associa-
ted with periodontal disease, independent of
age.
The relative percentage of male smokers

(59%) was higher than that of female
smokers (40% ); the mean amount of cigar-
ettes consumed by males (1.17 packs/day)
was higher than for females (0.72 packs/
day). These two factors may account for the
lack of differences between the female non-
smokers and female smokers.

Speculation on the underlying relations
between periodontal disease and the vari-
ables studied is limited by sample size and the
cross-sectional approach. The Tecumseh
Community Health Study is an ongoing study
that will yield longitudinal data bearing on
the reported associations. Such data may
substantiate the findings of the present in-
vestigation and permit inferences about cause
and effect.
The PDI represents a cumulative and ir-

reversible score when loss of epithelial at-
tachment occurs. A hazard always exists
when associating a cumulative score with a
current habit or condition that may not have
been in effect during the time the irreversible
condition occurred. Nevertheless, a strong
association has been demonstrated between
the PDI and other indexes and measurements
based on present and active periodontal dis-
sease.

Smoking, a known risk factor in coronary
heart disease, appears to be associated with
periodontal disease, independent of age.

Conclusions
The association of periodontal disease with

12 selected variables, known to influence the
risk of certain medical diseases and con-
sidered to act as intrinsic-systemic factors,
was examined. The data represented meas-
urements taken from a 10% probability

sample (324 subjects 20 years old or more)
as part of the Tecumseh Community Health
Study. Periodontal disease was assessed by
the periodontal disease index (PDI).

The males had higher PDJ scores than fe-
males. The PDI scores correlated with age,
cigarette consumption, blood glucose, serum
cholesterol, and FEV1 in both sexes. With a
stepwise partial correlation analysis wherein
age was held constant, cigarette consumption,
systolic blood pressure, and FEV1 signifi-
cantly correlated with PDI score in females.
Only cigarette consumption was significantly
correlated with PDI score in males. In all
age groups for both sexes, smokers had
higher PDI scores than did nonsmokers.

Analysis by linear regression showed that
the slope for male smokers was greater than
the slope for the male nonsmokers and both
groups of females when the effect of cigarette
consumption related to both age and perio-
dontal disease was held constant.

These results confirm findings from previ-
ous studies (in selected populations) and sug-
gest that the relationship between periodontal
disease and certain physiologic and social
variables might be worthy of longitudinal
study.

The dental data were collected by Homer C. Jamison;
the medical data are reported for the research staff of the
Cardiovascular Research Center, The University of Michi-
gan (Thomas Francis, Jr., director).
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