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Abstract
Aim: The main purpose of this study was to investigate the effect of smoking on the
serum levels of folic acid and vitamin B12 in smokers and nonsmokers with chronic
periodontal disease after nonsurgical intervention.

Material and Methods: The study base consisted of 45 current smokers and 43
nonsmokers. The clinical parameters included plaque index (PI), gingival index (GI),
pocket depth (PD), and clinical attachment level (CAL). Folic acid and vitamin B12

were determined from peripheral blood samples. Clinical measurements and blood
samples were collected at baseline and 1, 3, and 6 months after the intervention.

Results: Mean PI was significantly greater in smokers compared with non-smokers
throughout the observation period (po0.001). During the first month, GI levels
significantly decreased in both groups. From months 1 through 6, a significant return
towards an increased GI level was observed in smokers (po0.001). PD and CAL
levels significantly decreased during the first month in both groups. Thereafter,
increasing levels of PD and CAL were seen in both groups, although significantly more
pronounced in smokers. Throughout the observation period, the mean CAL was
significantly greater in smokers relative to nonsmokers (po0.001). In smokers, the
mean folic acid level gradually and significantly decreased and a slight and significant
decrease in mean vitamin B12 levels was observed in both groups over the entire
observation period (po0.001).

Conclusion: The clinical response to nonsurgical intervention is impaired by smoking
and smoking seems to negatively influence the serum level of folic acid following
non-surgical intervention.
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It is now well established from a large
body of epidemiologic evidence that
cigarette smoking is the major preven-
table risk factor in the incidence and
progression of periodontal disease
(Bergstrom & Eliasson 1987a, b,
Bergstrom 1989, 2004, 2006, Bergstrom
& Preber 1994, Grossi et al. 1994, 1995,

Bergstrom et al. 2000, Hyman & Reid
2003, Borrell & Papapanou 2005, Dye &
Selwitz 2005, Heitz-Mayfield 2005,
Palmer et al. 2005, Tonetti & Claffey
2005). Besides the adverse effects of
smoking on immunology and the host–
bacterial interactions, which may
account for its deleterious effects on
periodontal health (Bouclin et al. 1997,
Fredriksson et al. 1999, Apatzidou et al.
2005), smoking also negatively affects
vitamin B12 and folic acid mechanisms
(Piyathilake et al. 1994, Mansoor et al.
1997, O’Callaghan et al. 2002, van
Wersch et al. 2002, Ozerol et al. 2004).
Organic nitrites, nitrous oxide, cyanates,

and isocyanates found in cigarette smoke
have been shown to interact with folic
acid and vitamin B12 co-enzymes, trans-
forming them into biologically inactive
compounds (Khaled et al. 1985).

Vitamin B12 (cobalamin) is a hydro-
gen-acceptor co-enzyme involved in the
reduction of ribonucleotides. It, there-
fore, plays an important role in growth
and marrow haemopoiesis (Campbell
1995). And it was concluded that vita-
min B12 deficiency may also be an
aetiological factor in recurrent aphthous
stomatitis (Piskin et al. 2002).

Folic acid (also known as folate) is an
essential vitamin. Folic acid levels have
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been implied as important in the
pathophysiology of many diseases,
including neural tube defects in neo-
nates (Butterworth & Bendich 1996),
colorectal cancer and breast cancer
(Langman & Boyle 1998, Kim 1999),
and atherosclerotic disease in adults
(Klor et al. 1997). Vitamin B12 and folic
acid facilitate steps required for cellular
division (Pollack 1979). It has been
suggested that folic acid deficiency is
the most common nutrient deficiency in
the world (Krause & Mahan 1984).
Cigarette smoking is one of the factors
that affect the levels of vitamin B12 and
folic acid (Lökk 2004). Active cigarette
smokers have lower folic acid levels in
their serum, red blood cells, and respira-
tory tract (Heimburger 1992, Piyathi-
lake et al. 1994, Giles et al. 1998).

A number of studies have focused on
the effect of smoking on the serum
levels of folic acid and vitamin B12 in
adults, but no studies have analysed the
relation of smoking with folic acid or
vitamin B12 in patients with chronic
periodontal disease. Therefore, we
have recently made a research on this
subject and reported that among patients
with periodontal disease the serum folic
acid concentration was lower in smokers
compared with non-smokers (Erdemir &
Bergstrom 2006). A longitudinal study
is likely to provide stronger evidence
and, therefore, the main aim of the
present investigation was to elucidate
the response of smokers and non-smo-
kers to non-surgical intervention in
terms of folic acid and vitamin B12

during 6 months of follow-up. In addi-
tion, the clinical response in terms of
gingival inflammation, probing depth,
and attachment level was observed.

Material and Methods

Patients

The study population included 88
patients, 45 smokers and 43 non-smo-
kers in the age range of 31–68 years.
The patients had chronic periodontal
disease as evidenced from a probing
depth of 6 mm or more at 80% of the
proximal sites and radiographic bone
loss of more than 50% (Consensus
report 1999). The participants were
drawn from the waiting list of patients
with untreated disease at the Department
of Periodontology, Faculty of Dentistry
at Kirikkale University. All subjects had
no medical condition that would affect
their participation in the study. An
extensive medical history was taken

both by a written questionnaire and by
interview. Exclusion criteria applied
were a course of anti-inflammatory or
antimicrobial therapy within the pre-
vious 3 months, a history of use of
vitamin or iron supplementation within
the previous 3 months. Pregnant women
and individuals who suffered, apart from
periodontitis, from any given acute or
chronic medical condition, including
diabetes, viral, fungal or bacterial infec-
tions, or had recent trauma or tooth
extractions were also excluded. None
of the patients were alcohol consumers
or obese. The purpose and nature of the
study, including the types of clinical
measurements and blood sample collec-
tion, were explained to all potential
participants. After reading and signing
the consent form, the subjects were
enrolled into the study. The study was
approved by the Medical Ethical Com-
mittee of Kirikkale University Faculty
of Dentistry.

Smoking habits were recorded for all
participants and patients were classified
as either current smokers, i.e., regular
smokers of 20 cigarettes per day
(45 patients), or non-smokers, i.e., indi-
viduals who had never smoked tobacco
(43 patients).

After baseline measurements all par-
ticipants received a primary phase of
non-surgical treatment including oral
hygiene instruction, scaling and root
planing. Full-mouth supragingival
professional tooth cleaning (scaling
and polishing) were performed in a
single session for 60 min. and oral
hygiene instructions were given at this
time. One week later, the subsequent
non-surgical treatment consisted of
sub-gingival debridement using Gracey
curettes (Hu Friedy Instruments,
Chicago, IL, USA) under local anaes-
thesia in one session for 60 min. Clinical
data were recorded and blood samples
were collected at baseline and the 1st,
the 3rd, and the 6th months following
the intervention. The treatment and all
clinical examinations were performed
by one of the authors (EOE). All parti-
cipants completed the 6 months trial and
provided clinical and blood sample data
at all time points.

Clinical recordings

Supragingival plaque was scored using
the plaque index (PI, Silness & Löe
1964) and gingival inflammation using
the gingival index (GI, Löe & Silness
1963). Probing depth (PD) and clinical

attachment level (CAL) were measured
at six sites per tooth of all teeth using a
conventional periodontal probe with
1 mm between increments (Hu-Friedy).
The probe was directed parallel to the
long axis of the tooth. CAL measure-
ments were made from the cement–
enamel junction to the bottom of the
periodontal pocket or sulcus. The relia-
bility of the peridontal measurements
were not assessed.

Blood analysis

After a 12-h fasting period, venous
blood samples were obtained between
08.30 and 11.00 hours by venepuncture
in the antecubital fossa without exces-
sive venous stasis. The blood was taken
into EDTA containing vacuum tubes
(HEMA, Neuss, Germany) at the
Department of Biochemistry, Faculty
of Medicine, Kirikkale University. The
laboratory analysis of blood samples
was performed immediately with the
Sysmex XT 2000i (Roche, Basel,
Switzerland). The levels of folic acid
and vitamin B12 were calculated accord-
ing to standardized and automated
procedures.

Statistical analysis

The distributions of most variables were
normal or approximately normal.
Exceptions were GI and CAL, which
variables, therefore, were log-trans-
formed to achieve approximate normal-
ity. Results were expressed as means
and 95% confidence intervals (95% CI).
The statistical significance of differ-
ences between groups was tested using
General Linear Models, repeat measures
design. Univariate analysis of co-var-
iance (ANCOVA) with PI and/or GI as
continuous co-variable(s) was used to
test differences between smokers and
non-smokers at specific time points.
Multiple linear regression analysis was
performed with folic acid as the depen-
dent variable and age, CAL, gender, GI,
PI, PD, smoking, and vitamin B12 as
independent variables. Logistic regres-
sion was used to estimate the relative
risk expressed as odds ratio (OR) and
95% CI. When estimating the relative
risk for a low folic acid level, a cutoff
point of 7.0 ng/ml, representing the 25th
percentile, was used. Thus, this variable
was dichotomized into (1) o7.0 ng/ml
or (2) otherwise. Vitamin B12 was
stratified into three approximately equal
strata according to (1) o290 pg/ml
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(n 5 29), (2) 291–390 pg/ml (n 5 30),
and (3) 4390 pg/ml (n 5 29). To esti-
mate the risk for relapse CAL, as the
dependent variable, was dichotomized
into (1) the difference between months 1
and 6 observations 41.5 mm (corre-
sponding to 25th percentile), or (0)
otherwise. The STATISTICA (StatSoft
Scandinavia, Uppsala, Sweden) soft-
ware program (version 7.0) was used
for the calculations. The null-hypothesis
was rejected at po0.05.

Results

In the study, all smokers were cigarette
smokers and the mean � SD number of
years smoked was 17.5 � 1.7. The
mean � SD age of smokers and non-
smokers was 45.5 � 8.5 and 45.9 � 8.0,
respectively. The age difference

between groups was not statistically
significant (p40.05). Body mass index
(BMI) was also recorded and there was
no statistically significant difference
between groups (p40.05).

Clinical characteristics

Plaque and gingivitis

The mean PI decreased significantly
from baseline to the month 1 observa-
tion following the intervention in both
smokers and non-smokers (po0.001,
Table 1a, Fig. 1). The decrease, how-
ever, was significantly less pronounced
in smokers (po0.01). From months 1
through 6 there was a further decrease in
non-smokers (po0.05), whereas a trend
towards increasing levels was observed
in smokers (p 5 0.052). The difference

in PI trend patterns between smokers
and non-smokers was statistically sig-
nificant (po0.01). The interaction
between smoking and PI was statisti-
cally significant (po0.001), suggesting
an influence from smoking on the pla-
que level. In addition, mean PI remained
significantly greater in smokers through-
out the observation period (po0.001).

The mean GI significantly decreased
during the first month following the
intervention in both smokers and non-
smokers (po0.001, Table 1b, Fig. 1).
From months 1 through 6, a significant
return towards an increased GI level was
observed in smokers (po0.001) but not
in non-smokers (p40.05), the difference
between groups being statistically almost
significant (p 5 0.053). Controlling for
PI by means of univariate ANCOVA, the
mean GI level was significantly lower in
smokers relative to non-smokers at base-
line (po0.01) and month 3 (po0.05).

Pocket depth and clinical attachment
level

Significant decreases in mean PD were
observed in both smokers and non-smo-
kers from baseline to the month 1
observation following the intervention
(po0.001, Table 2a, Fig. 2). Subse-
quently, a return towards increasing
levels was seen in both groups, although
significantly more pronounced in smo-
kers (po0.05). Throughout the observa-
tion period, the mean PD tended to be
greater in smokers than in non-smokers
(p 5 0.061). Controlling for GI by
means of univariate ANCOVA, the mean
PD level was significantly greater in
smokers relative to non-smokers at
baseline (po0.05), 3 months (po0.05),
and 6 months (po0.05). There was,
however, no interaction between smok-
ing and PD. Controlling also for PI, the
statistical significance was attenuated.

The mean CAL significantly
decreased in both smokers and non-smo-
kers from baseline to the month 1 obser-
vation (po0.001, Table 2b, Fig. 2).
Thereafter, a significant return towards
an increasing level was noted in smokers
(po0.001), but not in non-smokers
(p40.05). The difference in CAL
responses was statistically significant
(po0.05), suggesting relapse in smokers.
Throughout the observation period, the
mean CAL was significantly greater in
smokers relative to non-smokers
(po0.001). Controlling for PI or GI did
not influence the result. There was no
interaction between smoking and CAL.

Table 1. Changes in (a) PI and (b) GI over time. Mean and 95% CI according to smoking

Baseline 6 months Change p

mean 95% CI mean 95% CI mean 95% CI

(a) PI
Smoker 2.06 1.96–2.15 1.73 1.62–1.85 0.32 0.20–0.44 o0.001
Non-smoker 1.89 1.79–1.98 1.15 1.03–1.27 0.74 0.61–0.86 o0.001
Difference 0.17 0.04–0.30 0.58 0.42–0.75 � 0.42 � 0.59 to � 0.24
p o0.05 o0.001 o0.001
(b) GI
Smoker 1.82 1.74–1.89 1.42 1.35–1.49 0.40 0.30–0.49 o0.001
Non-smoker 1.92 1.84–2.00 1.43 1.36–1.51 0.49 0.40–0.58 o0.001
Difference � 0.10 0.00–0.21 � 0.01 � 0.09–0.11 � 0.09 � 0.22–0.03
p 0.053 40.05 40.05

PI, plaque index; GI, gingival index; CI, confidence interval.
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Fig. 1. Plaque index (PI) and gingival index (GI) following non-surgical intervention. Mean
PI was significantly higher in smokers (po0.001). Mean GI tended to be lower in smokers
(p 5 0.053).
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Risk for relapse

The risk for relapse towards an
increased CAL (41.5 mm) from months
1 through 6 during follow-up was 5.4-
fold elevated in smokers compared with
non-smokers using univariate analysis
(OR 5 5.4, 95% CI 1.4–21.1; po0.05).

Accounting for PI, a smoker with
elevated PI levels during follow-up
was at a 7.9-fold greater risk for CAL
relapse than a non-smoker with stable PI
levels (po0.05, Table 3). A smoker
with stable PI levels during follow-
up still ran a four-fold elevated relapse
risk.

Blood analysis

Folic acid vitamin B12

The behaviour following the interven-
tion with reference to folic acid was
quite different in smokers and non-smo-
kers, suggesting a highly significant
interaction effect between smoking and
folic acid (po0.001, Fig. 3). In smokers,
a gradual and significant decrease from
8.0 ng/ml (95% CI 7.2–8.8) at baseline
to 7.2 ng/ml (95% CI 6.4–7.9) at
6 months was observed (po0.001),
whereas in non-smokers there was a
gradual and significant increase from
10.8 ng/ml (95% CI 9.9–11.7) at baseline
to 11.7 ng/ml (95% CI 10.9–12.5) at
6 months (po0.001). The differences
between smoking groups were statisti-
cally significant at all time points
(po0.001). At month 6, the folic acid
level of smokers was significantly
reduced as compared with baseline
(po0.01), whereas in non-smokers
it remained significantly elevated
(po0.001). At baseline, 11.1% of the
smokers and none of the non-smokers
displayed a folic acid level below 5.0 ng/
ml. The corresponding proportions at the
month 6 observation were 15.6% of the
smokers and 0% of the non-smokers.

A slight and statistically significant
decrease in the vitamin B12 level was
observed in both smokers and non-smo-
kers over the entire observation period
(po0.001, Fig. 3). The baseline levels
were 363.9 pg/ml (95% CI 323.3–404.5)
and 363.4 pg/ml (95% CI 321.9–405.0)
in smokers and non-smokers, respec-
tively. At the month 6 observation, the
vitamin B12 level remained significantly
decreased as compared with baseline in
both smokers (342.1 95% CI 304.1–
380.1) and non-smokers (342.8 95% CI
304.0–381.7). There was no interaction
between smoking and vitamin B12 level.

Multiple linear and logistic regressions

Multiple regression analysis at each
time point with folic acid as the depen-
dent variable and age, CAL, gender, GI,
PI, PD, smoking, and vitamin B12 as
independent variables indicated that
smoking (t 5 � 3.4 to � 7.4, po0.001)
and vitamin B12 (t 5 2.3–2.6, po0.05)
were the only statistically significant fac-
tors. The fraction of variance explained
ranged between R2 5 0.27 and 0.46.

The risk for a low folic acid level
(o7.0 ng/ml) was assessed in a model
using smoking and vitamin B12 as risk
factors. The relative risk associated with

Table 2. Changes in (a) PD and (b) CAL over time. Mean and 95% CI according to smoking

Baseline 6 months Change p

mean 95% CI mean 95% CI mean 95% CI

(a) PD
Smoker 4.05 3.87–4.22 3.08 2.95–3.21 0.97 0.82–1.11 o0.001
Non-smoker 3.85 3.67–4.03 2.88 2.75–3.01 0.97 0.82–1.12 o0.001
Difference 0.20 � 0.05–0.45 0.20 0.01–0.38 0.00 � 0.20–0.21
p 40.05 o0.05 40.05
(b) CAL
Smoker 3.84 3.69–4.00 3.30 3.20–3.41 0.54 0.42–0.65 o0.001
Non-smoker 3.41 3.25–3.57 2.85 2.74–2.96 0.56 0.44–0.68 o0.001
Difference 0.43 0.21–0.66 0.45 0.30–0.61 � 0.02 � 0.01 to � 0.02
p o0.001 o0.001 40.05

CAL, clinical attachment level; PD, pocket depth; CI, confidence interval.
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Fig. 2. Pocket depth (PD) and clinical attachment level (CAL) following non-surgical
intervention. Means and 95% CIs in smokers (PDs, CALs) and non-smokers (PDns, CALns).
Mean PD tended to be greater in smokers (p 5 0.061). Mean CAL was significantly greater in
smokers (po0.001).

Table 3. Risk assessment. Risk for CAL relapse of 1.5 mm or more from months 1 through 6 of
follow-up

OR 95% CI

Non-smoker
PI level unchanged 1.00 (reference)
PI level increased 1.99 1.16–3.42

Smoker
PI level unchanged 4.00 1.34–11.70
PI level increased 7.91 1.56–40.20

CAL, clinical attachment level; CI, confidence interval; PI, plaque index; OR, odds ratio.
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smoking ranged between OR 5 11.9
(95% CI 2.9–48.4, po0.001) and
OR 5 44.9 (95% CI 5.5–368.3,
po0.001) and the relative risk asso-
ciated with a low vitamin B12 level
between OR 5 3.0 (95% CI 1.4–6.5,
po0.01) and OR 5 1.5 (95% CI 0.7–
3.0, p40.05) at the different time points.

Discussion

In the present study, the serum levels of
folic acid and vitamin B12 were
explored in patients with chronic perio-
dontal disease in relation to the patients’
smoking habits following non-surgical
intervention comprising oral hygiene
instruction and supra- and sub-gingival
scaling. The results confirmed that the
clinical response to non-surgical inter-
vention is impaired by smoking. In
addition, the observations suggested a
negative influence of smoking on the
serum level of folic acid following non-
surgical intervention in this group of
patients. The vitamin B12 level
decreased regardless of smoking.

In terms of folic acid there was a
gradual and significant decrease in smo-
kers, whereas in non-smokers there was a
gradual and significant increase resulting
in a greater difference between smokers
and non-smokers 6 months after the inter-
vention than before. In fact, the proportion
of smokers with a suboptimal (although by

definition not deficient) level increased
during the course of study.

There may be several explanations
for our findings of a decreased folic
acid level in smokers. Differentiations
of dietary intake, residual confounding,
or differential absorption remain possi-
ble explanations. Other studies have
demonstrated that localized deficiencies
of folic acid can occur in aero-digestive
tissue and are thought to be related to
rapid tissue proliferation or repair or to
inactivation or alteration of the function
of folic acid by external agents such as
tobacco (Heimburger 1992, Piyathilake
et al. 1992). Ozerol et al. (2004) and
de Bree et al. (2001) suggested that
nicotine consumption induces an in-
crease of serum homocysteine. Homo-
cysteine is a sensitive marker of vitamin
B12 and folic acid deficiencies (Ueland
et al. 2000). An inverse relationship
between low folate levels and high
homocysteine levels in smokers is asso-
ciated with increased risk of cardiovas-
cular disease (O’Callaghan et al. 2002).

Furthermore, cigarette smoke is known
to contain nitric oxide (NO), superoxide
and other reactive oxygen species, some
of the adverse effects of smoking may
result from oxidative damage to endothe-
lial cells which results in NO shortage
(Ozerol et al. 2004). During inflammatory
reactions, where large amounts of NO
and superoxide are formed, the combina-
tion of both leads to the formation of

reactive nitrogen species, such as the
peroxynitrite anion, a toxic product of
NO when combining with superoxide
(Beckman & Koppenol 1996, Szabo
1996). The tissue injury induced by per-
oxynitrite may lead to an excessive local
amplification of the immune response,
resulting in migration of inflammatory
cells (Leitao et al. 2005). Verhaar et al.
(1998) observed in vitro that 5-methylte-
trahydrofolic acid, the active form of folic
acid, reduced superoxide generation, thus
providing antioxidant potential. On the
other hand, free radicals and oxidants,
which cause DNA and membrane
damage, are present in high levels in
tobacco smoke and may also play a role
in decreases in folic acid levels (Niki
et al. 1993, Pryor & Stone 1993). Doshi
et al. (2001) suggested that folic acid
abolishes the homocysteine-induced
increases in endothelial superoxide. In
animal models, folic acid deficiency has
been shown to increase lipid peroxidation
and decrease cellular antioxidant
defences (Durand et al. 1996). Another
mechanism potentially involved in the
beneficial effects of folic acid per se on
endothelial function involves its effects
on the enzyme endothelial nitric oxide
synthase (eNOS). Under certain condi-
tions, eNOS can ‘‘switch’’ from chiefly
NO synthesis to production of superoxide
(Stroes et al. 1998, 2000, Xia et al. 1998).
Recently, it was found that a low serum
folic acid level was independently asso-
ciated with periodontal disease in older
adults (Yu et al. 2007). The authors
suggested that the serum folic acid level
might be an important indicator of perio-
dontal disease in older adults and provide
a clinical target for intervention to pro-
mote oral health. Folic acid supplementa-
tion, therefore, might be beneficial in
smokers with chronic periodontal disease.

A slight decrease in vitamin B12

levels was observed in both smokers
and non-smokers over the 6-month
study period. There was no interaction
between smoking and vitamin B12 level.
This observation is in line with most
previous studies (Piyathilake et al. 1994,
O’Callaghan et al. 2002, van Wersch
et al. 2002, Ozerol et al. 2004, Erdemir
& Bergstrom 2006). There are studies
that report lower vitamin B12 concentra-
tions in the smokers (McGarry &
Andrews 1972, Pagan et al. 2001). Poorer
vitamin B12 status among smokers is
usually attributed to an inactivation of
methylcobalamin by cyanide inhaled
from cigarette smoke (Preston 1991). On
the other hand, a significantly higher
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Fig. 3. Folic acid and vitamin B12 following non-surgical intervention. Means and 95% CIs
in smokers (FOLs, B12s) and non-smokers (FOLns, B12ns). There was a significant
interaction effect between smoking and mean folic acid (po0.001). Vitamin B12 mean
levels significantly decreased in both smokers and non-smokers (po0.001).
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vitamin B12 concentration in smokers
compared with non-smokers has also
been reported (Tungtrongchitr et al.
2003). van Wersch et al. (2002) observed
no significant difference in number of
patients with decreased vitamin B12 levels
between the smoking and non-smoking
pregnant women during pregnancy. In
the present study, although vitamin B12

was a significant factor on folic acid, there
was a decrease in the vitamin B12 levels
regardless of smoking in response to the
intervention. This study does not provide
evidence of circulating vitamin B12

decrease that is due to cigarette smoking.
Other variables not considered in this
study, such as dietary habits may be
more important in explaining the variation
of vitamin B12 concentrations. A common
characteristic of the patients in our study
was the fact that they had chronic inflam-
mation. What impact inflammation may
have on the vitamin B12 levels is, however,
currently not known.

In terms of plaque reduction over the
6 months duration of the study, the inter-
vention was significantly less effective in
smokers. The immediate PI reduction as
seen after 1 month was 21% in smokers
compared with 33% in non-smokers and
at the end of study 16% as against 33%,
respectively. Thus, the reduction, how-
ever less pronounced in smokers, was
rather moderate overall. The inferior pla-
que reduction in smokers may simply
reflect inferior compliance. Even though
there is evidence that plaque formation
rates are similar in smokers and
non-smokers (Bastiaan & Waite 1978,
Bergstrom 1981), it cannot be ruled out
that smoking to some extent interferes
with plaque adhesion properties or
with the individual’s sensation of oral
cleanliness. Smoking seems to promote
the formation of supra- as well as sub-
gingival calculus (Bergstrom 1999, 2005).

To what extent differences in plaque
levels can explain differences in treat-
ment responses of smokers and non-
smokers is likely to be dependent of
outcome measure. The response in
terms of GI was of the same magnitude
in both smokers and non-smokers, sug-
gesting a reduction of gingival inflam-
mation. The GI reduction (22% in
smokers and 26% in non-smokers) was
modest, however, and notably a GI level
below 1.0 was reached in none of the
patients at the end of the 6-month
observation period. Despite a smaller
plaque reduction, resulting in a compar-
ably elevated mean plaque level, smo-
kers throughout exhibited a lower

mean GI level than non-smokers. This
outcome is predictable and agrees
with previous observations (Bergstrom
& Flodérus-Myrhed 1983, Preber &
Bergstrom 1985, 1986, Bergstrom
& Preber 1986, Bergstrom 1990,
Bergstrom & Bostrom 2001, Apatzidou
et al. 2005, Darby et al. 2005, Shimazaki
et al. 2006). The reason for this suppres-
sive effect of smoking on clinical signs of
gingival inflammation remains elusive.

The overall response in terms of PD or
CAL was a reduction of similar magnitude
in both smokers and non-smokers during
the first month, followed by a subsequent
return towards increasing levels, signifi-
cant in smokers but not in non-smokers,
suggesting a relapse trend. The PD and
CAL reductions after 6 months were 24%
and 14%, respectively, in smokers and
25% and 16%, respectively, in non-smo-
kers, again suggesting a modest outcome.
Earlier observations by several research
groups indicate that the response to non-
surgical intervention is inferior in smokers
when compared with non-smokers (Preber
& Bergstrom 1985, Preber et al. 1995,
Palmer et al. 1999, Ryder et al. 1999,
Apatzidou et al. 2005, Darby et al. 2005,
Heasman et al 2006, Hughes et al. 2006).
Some other studies suggest a similar
6-month outcome following scaling and
root planing in smokers and non-smokers
(Preshaw et al. 1999).

The present observations further sug-
gest that all measures of clinical mor-
bidity, although reduced immediately
following the non-surgical intervention,
tended to recur during the subsequent
observation period regardless of smok-
ing. This relapse trend was particularly
evident in terms of clinical attachment
level and on the part of smokers.
A relapse trend observed as early as
6 months following treatment seems to
forebode a greatly inferior response for
smokers in the long-run as suggested by
studies over longer periods of follow-up
(Ah et al. 1994, Loesche et al. 2002,
Carnevale et al. 2007) and the remark-
ably predominant relapse rate obser-
ved among smokers (Bergstrom &
Blomlof 1992, MacFarlane et al. 1992,
Magnusson et al. 1994). It may be
questioned, therefore, at least regarding
patients who smoke, whether the non-
surgical intervention is an effective
means of stopping the progression of
the disease in a long run perspective. It
should not come as a surprise that
plaque elimination, which is commonly
considered an anti-infectious strategy, is
inefficient in smokers, because there is

no other smoking associated disease that
has been successfully treated with anti-
infectious strategies. For a better under-
standing of the long-term outcome of
non-surgical intervention further long-
itudinal investigations are warranted.

A limitation of the present study was
the fact that the smoking habits of
participants relied on self report, which
may have caused some misclassifica-
tion. Further, the clinical assessments
were performed with the observer
unmasked with regard to smoking,
which may have influenced the metho-
dological objectivity. Although sample
size was reasonably great, these short-
comings might reduce the power of the
study to detect minor differences
between smoking groups were there
any. The socio-economic standard of
participants was not investigated and,
in particular, their dietary habits during
the course of the study were unknown.
This may have resulted in incomplete
adjustment for potential confounding.

In conclusion, the present observations
confirm the understanding that smoking
exerts a negative influence on the
response to non-surgical periodontal
intervention. Intriguingly, the interven-
tion was associated with a gradually
lowered folic acid concentration in smo-
ker patients, whereas in non-smoker
patients the level gradually increased.
Regardless of smoking, vitamin B12

levels remained decreased still after
6 months. Diets rich in folic acid and
vitamin B12 may be beneficial in this
group of patients. In future, RCTs are
required to investigate the possible effects
of dietary supplementation of folic acid
and vitamin B12 on the periodontal tissues
in smoking and non-smoking patients
with chronic periodontal disease.
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Clinical Relevance

Scientific rationale for the study:
Folic acid and vitamin B12 are
involved in the regulation of homo-
cysteine, a risk factor for several
diseases including coronary heart
disease. We have earlier observed
that among periodontal disease
patients smokers display signifi-
cantly reduced levels of folic acid.
We therefore investigated the possi-
ble influence of smoking on folic
acid and vitamin B12 status during a

6-month period following non-
surgical intervention.
Principal findings: Smoking exerted
a negative influence on the clinical
outcome following non-surgical
intervention. Folic acid status dete-
riorated in smokers during the course
of study, whereas it improved in non-
smokers. At 6-months, the number of
smokers with suboptimal folic acid
levels remained elevated as com-
pared with baseline.

Practical implications: Any perio-
dontal treatment in smokers should
include attempts to abolish smoking.
Diets rich in folic acid and vitamin
B12 may be beneficial in this group of
patients. In future, RCTs are required
to investigate the possible effects of
dietary supplementation of folic acid
and vitamin B12 on the periodontal
tissues in smoking and non-smoking
patients with chronic periodontal
disease.
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