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Abstract
A clinical study of 1,113 patients were

analyzed in a private clinic by regular control
for a period of approximately six months. A
number of indicative parameters for develop-
ment of periodontitis were registered in each
patient, e.g., bleeding = 0,1,2. Statistical analy-
ses by logistic regression and proportional
odds models were used to establish intercausal
relations. The models showed that log odds
for gingival bleeding above a certain level are
a linear function of the explanatory variables.
This function was initially assumed to be the
same regardless of the level of, e.g. bleeding,
and was subsequently expanded for analysis
of differences in levels. The explanatory pa-
rameters were sex, age, smoking, oral hygiene
(three levels) and the presence of amalgam in
the teeth. All estimates indicate odds ratios
at 95% confidence intervals.

The proportional odds model showed
no effect of sex, age or duration of absence
of amalgam. Smoking proved to reduce the
occurrence of bleeding by an odds ratio of
0.35 (0.20-0.50), impaired and bad oral hy-
giene increased the occurrence of bleeding
by odds ratios of 21.2 (14.2-31.8) and 518
(233-1151). Furthermore, it was demon-
strated that there was no effect of amalgam
presence as far as impaired or bad oral
hygiene was concerned, but among patients
with good oral hygiene, the presence of
bleeding was increased by an odds ratio of
3.65 (2.37-5.64).

It was concluded that bad oral hygiene
increases the risk of gingival bleeding as
does the presence of amalgam fillings ( fac-
tor 3), whereas smoking is seen to minimize
the tendency of bleeding by a factor of three.

 Introduction
Gingivitis together with caries and peri-

odontitis are among the most widespread
dental diseases. These diseases have dire
consequences, not only financially to the in-
dividual patient, but often also serious in-
validating masticatory effects. Many people
experience tooth loss as a consequence of
these diseases to be such an obstacle for
their normal behaviour in a masticatory
context, and they also experience situations
where speaking or singing is so compro-
mised that it could be described as orally
invalidating.

This clinical study aimed to establish
whether certain influences would increase
the possible generation of gingival bleeding.
Is smoking, bad oral hygiene or the presence
of amalgam fillings (which has a mercury
content of 51%) the decisive factor?

 Smoking is often associated with the
risk of developing diseases such as cardio-
vascular diseases, lung cancer and peri-
odontitis (i.e. inflammation of the connec-
tive tissue of the teeth, ”the disease of the
loose teeth”)1-6 These diseases appear to
occur more frequently in the western part
of the world over the last 20 years. There-
fore, worldwide efforts are being made to
identify its causes. Smoking is supposed to
be one major factor in the development of
these diseases.

Studies have shown that, in probing,
teeth and the surrounding connective tis-
sue, with recurrent gingival bleeding (i.e.
gum bleeding) have a 20-25% higher risk
of developing attachment loss within the
near future, whereas teeth that do not
bleed, with almost 100% certainty will
not lose their attachment for a while. In
other words, gingival bleeding is a very
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good tool in diagnosing or predicting
whether periodontitis exists or is likely to
occur.7 In a recent American study, it was
claimed that a direct connection had been
established between periodontal diseases
and smoking.8 Based on this and similar
studies dentists are requested to take this
into consideration in treating or advising
patients regarding periodontal diseases.

People with amalgam fillings are ex-
posed to an increased risk of acquiring dis-
eases such as, e.g. cardiovascular diseases,
infections and allergies.9,10,11 Tosti et al.12

have documented that allergic stomatitis
(inflammation of the oral cavity due to al-
lergic provocation) rarely occurs, but it is
nearly always associated with the occur-
rence of metallic mercury. Patients with
amalgam fillings more frequently also have
gingival bleeding.13,14

Humans are not the only animals af-
fected by mercury and other heavy metals.
Other mammals such as the porpoise
(Phocæna communis) show sensitivity to
the metal, which in this connection sup-
posedly reduces resistance to infectious
disease.15 Similarly, the UNEP (United Na-
tions Environmental Programme, Division
of Technology, Industry and Economics) is
generally concerned by the increased oc-
currence of mercury in our environment.16

Could it be that more frequent gingival
bleeding in smokers, with the related risk
of developing periodontitis as demon-
strated in the American study, is due to the
fact that smokers more often have dental
amalgam fillings?

This prospective clinical study aims to
discuss this, and there is much to indicate
that dental amalgam fillings and bad oral
hygiene, rather than smoking are the causes
that produce gingival bleeding and thus in-
crease the risk of periodontitis.

 Materials and Method
Four dentists participated in the

study of 1,113 patients (679 women and
434 men), who attended the clinic for

regular control. A number of parameters
were recorded: 1) smoking or non-smok-
ing (273 and 839 persons respectively);
2) age and sex; 3) gingival bleeding; 4)
oral hygiene; 5) presence of amalgam
fill ings;  6) years without amalgam.
Gingival bleeding was measured and in-
dexed by probing for caries and the sub-
sequent cleaning of teeth with an air
scaler (a mechanical tooth cleaning in-
strument) on each individual patient;
the gingiva was categorized by: 1) no
bleeding (626 persons); 2) moderate
bleeding (420 persons); 3) overall bleed-
ing (67 persons). Oral hygiene was also
assessed in each patient on the basis of
the presence of plaque, and oral hygiene
was noted to be: good (606); impaired
(463); bad.44

The presence of amalgam fillings was
also recorded: 1) did the patient have
amalgam fillings (501); 2) did the patient
have no amalgam fillings (400); 3) did the
patient have no amalgam fillings, but one
or more metal crowns on the molars
(176); or 4) had the patient never had
amalgam fillings (35). A note was made
of how many years the patient had been
entirely without amalgam fillings where
appropriate.

Statistical Method
For all 1,113 patients these variables

were entered in the MS Works database
system. The statistical analysis included
only the patients for whom all parameter
groups were present. Therefore, 22 pa-
tients had to be excluded from the study.
The following analyses and tables were
consequently based on 1091 patients (665
women and 426 men). Bleeding by distri-
bution of relevant sub-groups of patients
is indicated in per cent in Table 1. (p.105)

 Initially, the outcome of bleeding is
dichotomized to be either bleeding (1 or
2) or no bleeding (0), and for this out-
come we have the following logistic re-
gression model.17
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Amalgam
but metal
ceramic No visible Never

Bleeding N + Amalgam crowns amalgam amalgam Good Impaired Bad

0 616 50.4 61.8 61.0 64.7 80.6 30.0 2.3
1 411 43.1 32.4 33.3 35.3 18.5 63.0 34.9
2 64 6.5 5.8 5.6 0.0 0.8 7.0 62.8

Table 1. Gingival bleeding by amalgam status and oral hygiene in percent.

logit (P{Bleeding>0})=logi(p)=
ln(p/(1- p))=μ+ßk+γa+ßh+ßr+ßA

where the parameters ßk, γa, ßh, ßr and ßA

refer to the effect of: k=sex, a=age; h=oral
hygiene; r=smoking; and A=amalgam.

 In this model gingival bleeding
showed no difference between patients as
to levels ”No”, (i.e. no occurrence of amal-
gam) ”- Amalgam visible, but metal ceramic
crowns” and ”No visible amalgam”, and
there is no difference between men and
women or according to age. Therefore, the
model was reduced to a model for estimat-
ing odds ratios for gingival bleeding alone,
Table 2 (p.106). There was no effect of the
number of years that the patient had been
without amalgam (X2 (2)=0.69, p=0.71).

On the other hand, the interaction
between amalgam and oral hygiene (X2

(2)=20.69, p=0.000) proved significant. A
more detailed analysis showed that this
interaction could be reduced to show that
the effect of amalgam exists only in pa-
tients with good oral hygiene, in fact the
model describing the data set most ad-
equately was a logistic regression with the
effects of smoking, oral hygiene and amal-
gam presence in patients with good oral
hygiene. Estimates for odds ratios from this
model are stated in Table 3. (p. 106)

A more detailed analysis, which takes
into account the three-level response, is the

so-called proportional odds model–an ex-
pansion of the logistic regression model–
expressed in an ordinal response:

logit(P{Bleeding>i})=logi( pi )=
μi +ßk+γa+ßh+ßr+ßA, i = 0,1

This model illustrates that the effect of
co-variables is the same, regardless of bleed-
ing dichotomization, 0 vs. (1.2) or (0.1) vs. 2.

The data analysis from using this model
provided the same conclusions as the logis-
tic regression model shown in Table 2.

Results
The reviewed population of patients

comprised fewer men than women, 39%
against 61%, with an age span from 8 to 99
years and about 50 years on average. Smok-
ers were represented in the group by 25%
of the population. Amalgam presence was
recorded in all subjects distributed by 45%
of the group with visible amalgam fillings,
16% without visible amalgam fillings, 36%
without amalgam fillings (i.e. they had
them previously removed) and 3% of the
group, which had never had any amalgam
fillings in their teeth. See Figure 1. (p.107)

 Oral hygiene proved to be good in 54%,
impaired in 42% and bad in 4% of the
group. Occurrence of bleeding (i.e. whether
gingiva was bleeding when probed or not)
was recorded in 56% without bleeding, 38%

Amalgam status Oral hygiene
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Variable OR 95% c.i.

Smoker Yes vs. No 0.33 (0.23-0.48)
Oral hygiene Impaired vs. Good 11.36 (8.38-15.41)
Oral hygiene Bad vs. Good 245.14 (38.23-1572.12)
Amalgam Yes vs. No 1.87 (1.39-2.52)

Table 2. Estimated odds ratios in the simple logistic regression model.

Variable Logistic regression Proportional odds regression
OR 95% c.i. OR 95% c.i.

Smoker Yes vs. No 0.35 (0.25-0.50) 0.38 (0.27-0.54)

Oral hygiene Impaired vs. Good 22.14 (14.75-33.25) 21.27 (14.25-31.76)

Oral hygiene Bad vs. Good 428.34 (65.34-2808.09) 518.23 (233.28-1151.25)

Amalgam Yes vs. other 3.71 (2.40-5.73) 3.65 (2.37-5.64)
for good oral
hygiene only

Table 3. Estimated odds ratios from logistic regression and proportional odds models.

with some bleeding and 6% with strong
gingival bleeding. Figure 2 (p.107) shows
amalgam fillings in smokers and non-smok-
ers. It was observed that 11% more smokers
than non-smokers had amalgam fillings.

A comparison of these recordings ac-
cording to the model system above in the
statistical method part established that
there was little difference in gingival bleed-
ing levels in the groups “never amalgam”, “no
visible amalgam” and “no visible amalgam,
but metal crowns” and that differences of
sex or age did not have any effect on gingival
bleeding in this population or the duration
of absence of amalgam. Therefore, the effects
of amalgam presence and oral hygiene were
the only proven factors, Table 2. It follows
that gingival bleeding is three-fold higher
than in non-smokers as in smokers (OR 0.33
in Table 2).

In terms of oral hygiene “impaired” and

“good” were related in the way that “im-
paired oral hygiene” resulted in gingival
bleeding being 11 times as frequent as in
“good oral hygiene” but “bad oral hygiene”
showed 250 times as frequent an occurrence
of gingival bleeding compared with that in
patients with “good oral hygiene.” Also, the
effect of amalgam on gingival bleeding was
estimated nearly twice as high in patients
where amalgam was absent (OR 1.87 in Ta-
ble 2). As amalgam and oral hygiene showed
important interaction, these parameters
were analysed and stated in Table 3. Bad oral
hygiene was seen as the predominant risk
factor in gingival bleeding; nearly all cases of
bleeding in the group of patients with im-
paired or bad oral hygiene were attributable
to this factor. In the group of patients with
good oral hygiene 73% (i.e. (3.71-1)/3.71) of
gingival bleeding was attributable to the
presence of amalgam. (Table 3).
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no SA present

no visible SA

never had SA

3% never had SA; 16% no visible SA; 36% no SA at all; 45% with SA

Figure 2. Smokers/non-smokers with respect to gingival bleeding, amalgam and
bad oral hygeine.

Figure 1. Presence of silver amalgam (SA) in percent.

Discussion
The present study has used advanced

statistical analysis to establish the correla-
tion between gingival bleeding on the one
hand and smoking, oral hygiene and amal-
gam presence in the oral cavity on the other.
The relation between gingival bleeding and

smoking was negative by an odds ratio of
0.35, whereas gingival bleeding and im-
paired or bad oral hygiene was positive by
odds ratios of 21.2 and 518, respectively.
There is a clear and definite correlation
between the degree of bad oral hygiene and
the gingival bleeding response.
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About 33% of the Danish population
are considered smokers, and in our study
group this figure was only 25%. This differ-
ence may be explained by the health pro-
tective image of our dental clinic, which has
a reputation for health concerns based on
a comprehensive view of humans and the
environment, and as smoking can hardly
be said to be particularly healthy, groups
of smokers may be less inclined to visit our
clinic.

For smoking it is a well-known fact
that the absence of gingival bleeding may
be partly explained by the contraction of
peripheral vessels when affected by nico-
tine. Cyanosis is also known to be a gen-
eral characteristic found in smokers dur-
ing regular clinic examination. Gingival
bleeding was lower in smokers in our study
despite the fact that smokers more often
than non-smokers had amalgam fillings. An
explanation could be found in the fact that
nicotine has an inhibitory effect on the
transformation of the mercury ion Hg+ to
Hg++,18 which is assumed to be more toxic
than free mercury. This seems to indicate
that it is not the smoking (nicotine), which
is the most important cause of gingivitis
(and possible development of periodonti-
tis) but the amalgam. However, this does
not exclude elements in smoking other
than nicotine as such from being additive
in the development of the periodontal dis-
ease,19 and we must be very careful in tak-
ing this as final conclusion, but merely take
notice of this finding in considering the
possibility that gingivitis may exist with-
out periodontitis and vice versa. Our inves-
tigation methodology does not provide a
clear answer to this question, as we have
confined our scope of study to the record-
ing of the existence or not of gingival bleed-
ing in various degrees, but have not meas-
ured a regular attachment loss clinically or
radiologically. In our general clinical opin-
ion there is a clear connection between
gingival bleeding on the one hand and the
occurrence of periodontitis on the other,

with reservations made for causes of gingival
cyanosis. Further research into this aspect
is desirable.

In the last two decades periodontitis
seems to have become a widespread disease,
and may be caused by the general introduc-
tion of an amalgam with a large content of
copper. In 1984, this type of amalgam was
tested by NIOM- Scandinavian Institute of
Dental Materials. Researchers established
that the “new” amalgam (“High copper
amalgam,” i.e. amalgam with a high content
of copper) emitted 50 times as much cop-
per and mercury to the environment than
the previously used type of amalgam.20,21

It was noteworthy that amalgam fill-
ings in isolation were seen to be the cause
of gingival bleeding in patients with good
oral hygiene, with an odds ratio of 3.65, i.e.
about 75% of the occurrence of bleeding
must be attributable to the presence of
amalgam. Amalgam is a well-known mix-
ture of metals, of which mercury (Hg)
forms the major part, succeeded by silver
(Ag), copper (Cu), tin (Sn), zinc (Zn) (22)
and sometimes small amounts of other
metals. There is probably no longer any
doubt as to the detrimental effects of mer-
cury generally, and its effects on periodon-
tal tissues as many studies have estab-
lished.23-29 As early as in 1973 an investiga-
tion showed that the presence of amalgam
fillings resulted in chronic inflammation
and bleeding in gingival tissues.30,31,32 In
other words, amalgam produces chronic
gingivitis. The present study has thus con-
firmed the hypothesis. A subsequent study
has established that amalgam with a cop-
per content emits far more mercury than
previously used types of amalgam.33 With
regard to the effect of oral hygiene on
gingival bleeding this study also confirms
the significant correlation between oral
hygiene and gingival bleeding. This conclu-
sion hardly requires any explanation other
than bad oral hygiene is characterized by
large amounts of plaque, which contains
myriads of bacteria and that these bacteria
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are generally more or less pathogenic.
A large number of studies have long estab-
lished that the removal of plaque from the
surfaces of the teeth and gingiva reduces
gingivitis as well as any subsequent peri-
odontitis and caries (see the Vipeholm sur-
vey 1947-51).34

Conclusion
The data from this clinical study indi-

cates that gingival bleeding is less frequent
in smoking than in non-smoking subjects.
Under the assumption that gingival bleed-
ing often precedes the development of peri-
odontitis later, this must imply a reduced
risk of periodontitis in smokers. It has also
been demonstrated that smokers have
more amalgam fillings than non-smokers.
Not surprisingly, bad oral hygiene often
increases gingival bleeding, but it is diffi-
cult to explain that the gingiva in smokers
shows less bleeding despite the more fre-
quent occurrence of amalgam fillings,
which is known to increase the frequency
of gingival bleeding. An explanation could
be the stronger effects of tobacco in con-
tracting vessels than the ability of bad oral
hygiene to provoke gingival bleeding. Fur-
ther clinical studies are desirable as well as
investigation into the biological effects of
nicotine, or other ingredients, of tobacco
on gingival bleeding.

This study has been subsidized by East
Denmark Health Science Research Forum,
file no. 02013.
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