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Periodontitis is a chronic inflammation affecting the
supporting tissues of the teeth and is present in

75% of the adults in the United States (Genco et al,
2002). There is increased evidence for common aeti-
ologies of several systemic diseases and periodontitis
(Wu et al, 2000; Fowler et al, 2001; Taylor, 2001), in-
cluding cardiovascular disease (CVD) (Mattila et al,

1989; DeStefano et al, 1993; Beck et al, 1996, 1998;
Joshipura et al, 1996; Genco, 1998; Arbes et al, 1999;
Loos et al, 2000), diabetes mellitus (Db) (Papapanou,
1996; Mealey, 1999; Katz, 2001; Pradhan et al, 2001;
Matthews, 2002) and being overweight (Ow) or obese
(Ob) (Perlstein and Bissada, 1977; Saito et al, 1998,
2001; Grossi and Ho, 2000; Wood et al, 2003). 

There is substantial information concerning the neg-
ative effects of systemic diseases on the periodon-
tium; there is less information about the negative ef-
fects of a diseased periodontium on systemic health.
The diseased periodontium is a reservoir of bacteria,
bacterial products and inflammatory mediators, which
can interact with organ systems outside the oral cavi-
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Purpose: To examine the risks for being overweight (Ow) or obese (Ob) in subjects with elevated Periodontal Screening and
Recording™ (PSR™) Codes (≥ 1) (with smoking as a modifier) in a population of dental school patients located within a re-
gion with a high incidence of Ow, Ob, diabetes mellitus (Db), and cardiovascular disease (CVD). 

Materials and Methods: 1098 patient files were studied and data were grouped by average PSR™ Codes, smoking history,
and body mass index (BMI). Data were compared by factorial ANOVA, the Mann-Whitney U test, and chi-square analysis
using PSR™ Code as an exposure for BMI, Db, or CVD, with smoking as the effect modifier. Data were then analysed by ad-
justed multivariate logistic regression to determine the risks for being Ow or Ob. 

Results: Subjects with an average PSR™ Code ≥ 1 and a smoking history did not have a significantly increased risk for ei-
ther Db or CVD. Non-smoking subjects with an average PSR™ Code = 3 had a significantly higher risk for being Ow; those
with an average PSR™ Code of 2–4 had a significantly higher risk for being Ob (p < 0.05). In contrast, only smokers with an
average PSR™ Code = 4 had a significant risk for being either Ow or Ob. 

Conclusion: Our data suggest that smoking may not directly increase the risk factors for Db or CVD in subjects with an aver-
age PSR™ Code > 1 (confirming the ‘Smoker’s Paradox’), but could be an indirect risk factor for these diseases as a conse-
quence of its effect on body weight.
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rides (LPS), which initiate a synthetic cascade of pro-
inflammatory cytokines, which have both local and sys-
temic effects. These effects include activation of
monocytes/macrophages, increasing the number of
neutrophils and the concentrations of fibrinogen and
other coagulation factors in blood, alterations in lipid
metabolism and enhancement of pro-inflammatory cy-
tokine concentrations within the serum and gingival
crevicular fluid (such as TNF-alpha) (Bostrom et al,
1999; de Maat and Kluft, 2002). The concentration of
serum acute phase proteins such as C-reactive protein
(CRP) and interleukin-6 (IL-6) (Castell et al, 1989; Eber-
sole et al, 1997; Loos et al, 2000; Slade et al, 2000;
Wu et al, 2000; de Maat and Kluft, 2002) are also el-
evated. Thus, periodontal inflammation could con-
tribute to the pathogenesis of other systemic diseases
by serving as a source of either infective bacteria or
proinflammatory cytokines. Once established, these
sites of focal inflammation could induce feedback,
which would amplify these immune and inflammatory
responses into a hyperinflammatory state (Donahue
and Wu, 2001). 

There is evidence of a greater prevalence of peri-
odontal disease in Db than in non-Db subjects (Cian-
ciola et al, 1982; Nelson et al, 1990; Emrich et al,
1991; Safkan-Seppala and Ainamo, 1992; Ebersole et
al, 1997). Db is frequently associated with a group of
complications including CVD and periodontal disease
(Papapanou, 1996). To emphasise the relationship be-
tween the diseases, periodontitis is considered to be
the sixth significant complication of Db (Löe, 1993).

Use of tobacco products is an important risk factor
for periodontitis, as cigarette smokers are 2.5–6 times
more likely to develop periodontal disease than non-
smokers (Bergstrom and Preber, 1994). Smoking ele-
vates the quantity of periodontopathic bacteria, and
modulates the host inflammatory and immune re-
sponses to bacterial LPS (Zambon et al, 1996; Sayers
et al, 1997; Kazor et al, 1999; Shiloah et al, 2000). As
a result of this information, the American Academy of
Periodontology has established a separate category
for smoking-associated periodontal disease (Crook et
al, 2000). In addition, the role of tobacco in the aetiol-
ogy of periodontitis and systemic diseases may result
from its ability to elevate serum CRP (Armitage, 1999)
and increase insulin-resistance (Fredriksson et al,
1999; Loos et al, 2000; Slade et al, 2000; Wu et al,
2000). However, there are reports of no effect of smok-
ing on periodontal disease (Muller et al, 2002).

Ow and Ob are reported to be associated with peri-
odontal attachment loss, increased pocket depth,
severity of gingival bleeding and elevated plaque in-

dices (Wood et al, 2003). The prevalence of periodon-
tal disease in Ob individuals is highest from 18–34
years of age, and declines in persons greater than 35
years of age (Al-Zahrani et al, 2003). The significance
of periodontitis as a risk factor for systemic disease in
smokers has also been studied. However, the contri-
bution of smoking by subjects with periodontitis to the
risk for development of other systemic diseases has
not yet been examined. 

Thus, there is potential value to reinvestigate the as-
sociations between periodontitis, Ow, Ob, CVD and Db,
with cigarette smoking as a positive modifier. The pre-
sent study population was from Mississippi, which has
the highest rate of both Ob (body mass index [BMI]>30)
(24.3%) and Db (8.8%) in the United States, and an ab-
normally high rate of CVD and hypertension within its
African American population (Campbell et al, 2003).
These extremes are not evident in national studies, as
the national average for the prevalence of Ob is 19.8%
and of Db is 7.3% (Mokdad et al, 2001), suggesting
that our regional data could provide additional infor-
mation to that reported by national surveys, such as
NHANES III. The periodontal data for the patient
records had been collected using PSR™ (Periodontal
Screening and Recording™), which has been reported
to be a useful index for periodontal health, and is of-
ten used to screen, and triage, large populations for
epidemiological studies (Khocht et al, 1996; Landry
and Jean, 2002; Covington et al, 2003). 

MATERIALS AND METHODS

Patient records 

The present study was approved by the Institutional
Review Board of the University of Mississippi Medical
Center. In total, 1098 patient records from the Univer-
sity of Mississippi School of Dentistry met the inclusion
criteria and were sampled by a single calibrated in-
vestigator. Inclusion criteria for the record review in-
cluded active status as a patient (treated in the School
of Dentistry within the past 3 years), greater than 18
years of age, and recipient of a PSR™ examination.
These records contained the following information:
age, gender and race, PSR™ scores, and weight and
height measurements (which were used to calculate a
BMI for each patient). The medical history included a
self-reported history of smoking cigarettes, CVD and
Db. Each medical history had been evaluated with
each patient by a clinical instructor. 
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Patient groups

Periodontal Screening and Recording (PSR™) Codes
Patients were initially grouped using PSR™ Codes,
ranging from 0 to 4. Codes were defined as the high-
est PSR™ score per sextant, and a code was assigned
to each sextant of each dental arch. Edentulous pa-
tients were excluded from the study to prevent over-ad-
justment of data, which could inflate the association
between periodontal and other systemic diseases
(Mokdad et al, 2001). In addition, there was often no
reason for previous tooth extractions in the dental
records. 

PSR™ Code 0 indicated periodontal health (neither
bleeding on probing nor defective restoration margins
and gingival sulcus depths < 3.5 mm); Code 1 indicat-
ed bleeding on probing, no defective restoration mar-
gins and a gingival sulcus depth < 3.5 mm at a mini-
mum of one site within the sextant; Code 2 indicated
bleeding on probing, the presence of supra- or sub-gin-
gival calculus, defective restoration margins and a gin-
gival sulcus depth < 3.5 mm at a minimum of one site
within the sextant; Code 3 indicated bleeding on prob-
ing and a pocket depth of 3.5–5.5 mm at a minimum
of one site within the sextant; and Code 4 indicated
that a pocket depth > 5.5 mm was present at a mini-
mum of one site within the sextant (American Dental
Association and American Academy of Periodontology,
1992). The number of sextants with each code were
calculated and grouped as ≤ 2, 3–4 or 5–6 sex-
tants/Code/patient. Factorial analysis of variance
(ANOVA) suggested that the groups could be pooled,
so an average PSR™ Code was calculated for each
subject. To obtain this code, the average of the six
PSR™ Codes was calculated for each subject and
rounded to the closest integer. 

Medical conditions
The medical history included a self-reported history of
smoking, CVD and Db. CVD was defined as a previous
occurrence of one or more of the following conditions:
angina pectoris, myocardial infarction, congestive
heart failure, coronary artery disease or coronary
heart disease. The history of Db included previous di-
agnosis of either Type I or Type II diseases. Patients
were defined as 'non-smokers' if they had never
smoked cigarettes, as 'smokers' if they presently
smoked cigarettes, and as 'past smokers' if they were
not currently smoking but had smoked cigarettes dur-
ing their lifetime. In addition, subjects were grouped
according to BMI (weight[kg]/height[m]2). The BMI
groups were classified according to the World Health

Organization’s recommendations as normal (BMI <
25), Ow (BMI 25–30) and Ob (BMI > 30) (Pleis and
Coles, 2003). 

Statistical analysis 

These data were analysed using PSR™ Codes as an
aetiologic factor for BMI, Db or CVD, with smoking as
an effect modifier, using SPSS™ v 10.1 (SPSS Inc.,
Chicago, IL, USA). Initially, the groups were compared
by factorial ANOVA, the Mann-Whitney U test, and chi-
square analysis. Then, associations between factors
and modifiers were assessed by multivariate logistic
regression models (either unadjusted or following ad-
justment for age, race and gender) to determine rela-
tive risks for Db, CVD, Ow or Ob. A significance of p <
0.05 was used to determine significant differences be-
tween the groups.

RESULTS

Smoking history and demographic information 

Most patients in this study were Caucasian and male
without a smoking history. Factorial ANOVA suggested
significant differences in the percentage of the total
number of subjects with a smoking history, as a func-
tion of PSR™ Code (p < 0.001). The percentage of sub-
jects without a smoking history was significantly lower
in the mean PSR™ Code 2–4 groups than in PSR™
Code 0–1 groups and significantly lower in the PSR™
Code 4 group than in PSR™ Code 0–2 groups (Table
1). The mean age of the subjects was also significant-
ly different as a function of smoking history and mean
PSR™ Codes (p < 0.001). There were no significant dif-
ferences in mean age of the subjects in the PSR™
Code 0 and 1 groups, regardless of smoking history. In
the PSR™ Code 2–4 groups, the age of the non-smok-
ers was significantly greater than in the PSR™ Code 0
and 1 groups (Table 1). Factorial ANOVA also suggest-
ed significant differences in the mean PSR™ Code as
a function of gender and smoking history (p < 0.05).
There were more males in the PSR™ Code 4 group
than in other groups (Table 1). Factorial ANOVA also
suggested significant differences in BMI as a function
of smoking history and mean PSR™ Code (p < 0.001).
Subjects with a PSR™ Code 2–4 and without a smok-
ing history had a significantly higher mean BMI than
those with PSR™ Codes 0–1 (Table 1).
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Table 1  Relationship between mean PSR™ Codes and smoking status on demographic characteristics and body
mass index (BMI) of our study population. Numbers within parentheses (x) indicate the number of subjects per group.
Numbers within brackets {x} indicate the percentage of subjects with past (but not current) tobacco use. Data is ex-
pressed as mean ± standard error.

Mean PSR™ 
Code

0

1

2

3

4

Smoking 
history

N (71)
Y (14)

N (296)
Y (38)

N (334)
Y (118)

N (142)
Y (64)

N (11)
Y (10)

Non-smokers
(% total)

81.61 {2.30}

87.28 {0.88}

71.37*,† {2.35}

66.67*,†† {1.88}

50.00*,†,‡ {0}

Age (years)

40.18 ± 2.16
43.21 ± 4.25

44.15 ± 1.01
40.89 ± 2.10

46.63 ± 0.84**,†

41.21 ± 1.23

50.23 ± 1.12**,††,‡

47.63 ± 1.63

42.27 ± 3.33†,‡,¶
54.00 ± 2.72*,†

Males 
(% total)

31.51 ± 5.48
21.43 ± 11.38

31.66 ± 2.63
50.00 ± 8.22*

39.34 ± 2.67*,†

41.53 ± 4.56*,†

38.73 ± 4.10
54.69 ± 6.27*,†,‡

54.55 ± 15.75*,†,‡,¶
80.00 ± 13.33*,†,‡,¶

Caucasian race 
(% total)

73.61 ± 5.23
92.86 ± 9.71

73.70 ± 2.59
88.57 ± 5.46

69.88 ± 2.56
82.05 ± 5.06

61.03 ± 4.20
80.65 ± 5.06

81.82 ± 12.20
80.00 ± 13.33

BMI
(kg/m2)

25.27 ± 0.60
26.62 ± 1.39

26.89 ± 0.37
27.20 ± 0.95

28.02 ± 0.33**

26.21 ± 0.62

29.23 ± 1.04**,††

26.21 ± 0.62

28.07 ± 1.37*

26.82 ± 1.77

Y, yes; N, no
Significantly different from mean PSR™ Code 0: *p < 0.05, **p < 0.01
Significantly different from mean PSR™ Code 1: †p < 0.05, ††p < 0.01
Significantly different from mean PSR™ Code 2: ‡p < 0.05
Significantly different from mean PSR™ Code 3: ¶p < 0.05

Table 2  Crude odds ratios for the risk of being overweight or obese in subjects with a history of smoking, elevated
mean PSR™ Code, or both. The F ratio represents the statistical interaction between mean PSR™ Code and smoking
status on body weight, using factorial ANOVA. Numbers in parentheses (x) indicate the number of subjects per group.
Risk ratios are derived from multivariate logistic regression of data adjusted for age, race and gender.

Overweight 
F ratio

0.801
0.733

5.370†

1.631

0.515
0.861

3.243†

0.720

3.883†

1.664

Overweight risk 
ratio {95% 

Confidence Interval}

1.00 {Reference}
1.36 {0.53–3.51}

1.05 {0.26–4.19)
1.50 {0.85–2.65}

2.13 {0.58–7.84}
1.07 {0.76–1.49}

4.31* {1.05–17.68}
0.80 {0.50–1.26}

2.60 {0.23–29.61}
0.90 {0.27–2.99}

Obesity risk ratio 
{95% Confidence 

Interval}

1.00 {Reference}
2.22 {0.80–6.16}

2.81 {0.57–13.99}
1.28 {0.73–2.23}

6.35* {1.37–29.44}
0.84 {0.58–1.20}

4.38* {0.88–21.76}
1.28 {0.82–2.01}

15.86* {0.45–55.58}
0.29* {0.03–3.02}

Obesity 
F ratio

0.439
0.351

1.302
0.618

0.929
0.266

6.141††
2.498

1.315
0.228

Y, yes; N, no
Significantly different from 'Reference': *p < 0.05
Significant interaction between mean PSR™ code and smoking status on the body weight outcome variable: †p < 0.05; ††p < 0.005

Mean
PSR™ Code

0

1

2

3

4

Smoking 
history

N (71)
Y (14)

N (296)
Y (38)

N (334)
Y (118)

N (142)
Y (64)

N (11)
Y (10)
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Db, CVD, Ow and Ob risks

Subjects with a mean PSR™ Code 3 and no smoking
history had a significantly higher risk for being Ow than
those with mean PSR™ Codes 0, 1, 2 or 4, and those
with PSR™ Codes 2–4 had a significantly higher risk
of being Ob (p < 0.05). In contrast, subjects with a
smoking history and a PSR™ Code 4 had a lower risk
of being Ob (p < 0.05) (Table 2). The present data sug-
gested no significantly increased risk for either Db or
CVD in subjects with any PSR™ Code, regardless of
smoking history (Table 3). 

DISCUSSION

There is a small body of literature suggesting 'benefi-
cial' effects of smoking on several systemic diseases
(the 'Smoker’s Paradox'), including gingival recession
(Muller et al, 2002). Significant interactive effects be-
tween mean PSR™ Codes and smoking history on Ow
and Ob were found in the present dental school patient
population, which extends data from previous studies
(Grossi and Ho, 2000; Muller et al, 2002; Al-Zahrani et

al, 2003; Wood et al, 2003). In addition, these data
were adjusted for factors associated with either peri-
odontal disease or body weight (i.e. Db, gender, age
and race), removing them as confounding variables in
the final statistical model. Individual variations in per-
sonal hygiene and health care practice often confound
studies of associations between periodontal inflam-
mation and other systemic diseases (DeStefano et al,
1993) and were also uncontrolled variables in the pre-
sent study.

There is evidence that periodontal disease and
smoking (as separate variables) affect body weight
(Perlstein and Bissada, 1977; Saito et al, 1998, 2001;
Grossi and Ho, 2000; Wood et al, 2003). In addition,
smoking itself is a significant risk factor for periodon-
tal disease (Haber and Wattles, 1993; Tomar and As-
ma, 2000). The addition of smoking history as a vari-
able removed the risk of being Ow or Ob and increased
these risks in subjects with a healthy periodontium in
the present study population. In addition, subjects with
periodontitis and a smoking history did not have an in-
creased risk for either Db or CVD, which does not sup-
port previous studies (Kim et al, 2000; Kannel et al,
2002; Ylöstalo et al, 2003).
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Table 3  Crude odds ratios for the risk having either diabetes mellitus or cardiovascular disease in subjects with a
history of smoking, elevated mean PSR™ Code, or both. The F ratio represents the statistical interaction between
mean PSR™ Code and smoking status on either diabetes mellitus or cardiovascular disease using factorial ANOVA.
Numbers in parentheses (x) indicate the number of subjects per group. Risk ratios are derived from multivariate logistic
regression of data adjusted for age, race and gender.

Diabetes
F ratio

0.307
0.518

1.411
1.344

1.155
1.161

1.988
1.278

1.918
1.422

Diabetes risk ratio 
{95% Confidence

Interval}

1.00 {Reference}
0.89 {0.51–1.27}

1.12 {0.92–1.22)
0.82 {0.69–1.13}

1.38 {1.11–1.47}
0.73 {0.54–1.19}

2.11 {1.13–3.04}
0.71 {0.51–1.23}

2.15 {1.17–3.45}
0.69 {0.41–0.89}

Cardiovascular 
disease risk ratio
{95% Confidence 

Interval}

1.00 {Reference}
0.53 {0.39–0.67}

1.23 {0.92–1.47} 
0.61 {0.41–0.98} 

1.18 {0.89–1.55}
0.72 {0.55–0.93}

1.19 {1.02–1.49}
0.79 {0.69–0.97}

1.13 {0.96–1.30}
0.87 {0.71–1.03}

Cardiovascular 
disease
F ratio

0.397
0.511

1.131
0.788

0.999
0.977

1.654
1.879

1.842
0.993

Y, yes; N, no

Mean
PSR™ Code

0

1

2

3

4

Smoking 
history

N (71)
Y (14)

N (296)
Y (38)

N (334)
Y (118)

N (142)
Y (64)

N (11)
Y (10)
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tis from those of smoking with respect to health-relat-
ed outcome variables has been reported (Tomar and
Asma, 2000). A self-reported smoking history can be
a confounding variable, which could affect the esti-
mates for a statistical association between any of the
other variables of the model. Since both body weight
and mean PSR™ Code are positively associated with
a smoking history in our population, a self-reported
smoking history could possibly inflate their risk for Ow
or Ob, producing false-positive associations between
smoking, mean PSR™ Code and body weight (Tomar
and Asma, 2000). In addition, adjustment of other
variables for a smoking history using a poorly defined
smoking/non-smoking variable (such as number of
cigarettes consumed daily, which is often under-
reported) could place smokers into more than one
group, confounding the outcome data. However, the
present data were based on rigid parameters for defi-
nition of the smoking and non-smoking groups, which
should have minimised those data artefacts. Reduced
risk for Ow or Ob in subjects with periodontal disease
and a smoking history was reported in the present
population, suggesting that a significant number of
smokers were excluded from the non-smoking group
and that the changes in risk for Ow and Ob in subjects
with periodontal disease and a smoking history were
not statistical artefacts.

Smoking for weight control is prevalent, especially
in adolescents (Strauss and Mir, 2001; Lowry et al,
2002; Fulkerson and French, 2003). Adult and ado-
lescent subjects gain weight when they cease smok-
ing (Owen-Smith and Hannaford, 1999; Peterson and
Helton, 2000; Ferrara et al, 2001). In contrast, sub-
jects with periodontitis have a risk for being Ow or Ob
(Wood et al, 2003). Thus, periodontitis and a smoking
history could have opposite effects on body weight. Re-
cent studies report an inverse effect of smoking on
serum levels of leptin and proinflammatory cytokines,
offering a possible explanation for the variation in body
weight between smokers and non-smokers (Hodge et
al, 1997; Chu et al, 2001; Wallenfeldt et al, 2001; Mar-
tin et al, 2002), as Ob has now been classified as an
inflammatory disease (Das, 2001). 

Subjects in the present study, on average, had a
BMI greater than the U.S. median (25.5 kg/m2) (Kucz-
marski et al, 1997) (except in subjects with a PSR™
Code 0 and no smoking history), supporting previous
data suggesting that the Mississippi population is
obese (Campbell et al, 2003). Ow and Ob have been
associated with poor levels of perceived physical well-
being, which is often manifested as emotional distress
(Doll et al, 2000). There also is evidence that Ob may

be a source of chronic stress, which adversely affects
systemic health. Smoking effects on BMI varies ac-
cording to education level (Laaksonen et al, 1998)
and gender of the subjects (Molarius et al, 1997).
These socio-economic variables could have affected
our data outcomes, but were not available in the
charts.

While PSR™ Codes are frequently used for screen-
ing patients for periodontal disease, the technique is
not without shortcomings. There is evidence that PSR™
underestimates the severity of periodontal disease be-
cause it does not measure the epithelial attachment
loss (Khocht et al, 1995). The present data was ad-
justed for age to minimise epithelial attachment loss as
a confounding variable (Baelum et al, 1995). However,
since PSR™ Codes are used by a large number of den-
tal practitioners (Frisco and Bramson, 1993), the pre-
sent use of these data will allow them to better assess
the periodontal status of their patients, and the poten-
tial for successful therapies utilising smoking cessa-
tion and body weight management.

Thus, dental health professionals cannot assume
that smoking will enhance the risk factors for other
systemic diseases in subjects with periodontitis, as
the present data suggested that it has either no effect
or reduces the risk for other diseases. More studies of
these associations are required to determine specific
biological mechanisms for these epidemiological 
data; in particular, the psychosocial effects of smoking
on the incidence and severity of periodontal diseases.
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