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ABSTRACT

Introduction: It is well established that peri-
odontal disease (PD) and diabetes mellitus (DM)
can have a detrimental effect on each other’s
disease course, and that cigarette smoking
exacerbates both conditions. However, litera-
ture on the periodontal status of smokers with
DM is scarce, and the studies conducted to date
did not use healthy controls or non-smokers
with DM as controls. Consequently, the indi-
vidual effects of smoking and DM on PD are
difficult to untangle and estimate.
Methods: A total of 128 participants were
recruited to this study and their data analyzed.
They were assigned to four groups: smoking

patients with DM (SDM); non-smoking patients
with DM (NSDM); smokers without DM (con-
trol group, SC) and (4) non-smokers without
DM (control group, NSC). Each group consisted
of 32 age-matched participants. The periodontal
status of the participants was assessed by full
oral examination. To express periodontal status,
we used the four-stage classification introduced
by Fernandes and colleagues (J Periodontol.
80(7):1062–1068, 2009). The control of DM was
estimated by measuring hemoglobin A1c
(HbA1c) levels in the peripheral blood.
Results: A significant difference in the severity
of PD was found between the SC and NSC
groups (p = 0.027) and between the NSC and
SDM groups (p = 0.000), while the difference
between the NSDM and SDM groups approa-
ched significance (p = 0.052). No person in the
smoker groups could be classified as having a
healthy periodontal status. The four-stage clas-
sification followed a normal distribution in the
healthy, non-smoking controls (NSC). Smoking
caused a shift toward medium-severe PD, while
a marked shift toward the most severe stage was
observed when both smoking and DM were
present (SDM). There was no significant associ-
ation between the type of DM and periodontal
status, nor between diabetes control and the
severity of PD. Persons in the SDM group had
significantly fewer teeth than those in the NSC
group (mean ± standard deviation: 16.0 ± 7.9
vs. 20.7 ± 5.6; p = 0.02).
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Conclusion: Smoking damages the periodon-
tium of even healthy individuals, but the dam-
age is multiplied in a smoker who has DM, even
though the effect of DM alone on periodontium
health is relatively mild. Our results suggest a
synergy between DM and smoking in terms of
damage to the periodontal tissues, but the lim-
ited sample size of this study does not allow any
hard conclusion to be drawn.

Keywords: Comorbidity; Inflammation;
Periodontal diseases; Smoking; Type 1 diabetes
mellitus; Type 2 diabetes mellitus

Key Summary Points

Why carry out this study?

Periodontal disease (PD) and diabetes
mellitus (DM) are known to detrimentally
affect each other’s disease course, and
cigarette smoking independently
exacerbates both conditions.

Existing literature on the periodontal
status of patients with DM who smoke is
scarce, and studies conducted to date did
not use healthy controls or non-smoking
patients with DM as controls;
consequently, the individual effects of
smoking and DM on PD are difficult to
estimate.

We hypothesized that the periodontal
status of patients with DM with no
smoking history would be significantly
poorer than that of healthy non-smoking
controls, and that periodontal status in
the former would be further exacerbated
by smoking.

What was learned from the study?

The periodontal status of 128 participants
categorized into four groups, namely
smoking patients with DM (SDM), non-
smoking patients with DM (NSDM), (3)
smokers without DM (control group, SC)
and non-smokers without DM (control
group, NSC), was assessed.

A significant difference in severity of PD
was found between the SC and NSC
(p = 0.027) groups and between the NSC
and SDM (p = 0.000) groups, while the
difference between the NSDM and SDM
groups was nearly significant (p = 0.052).
In the smoker groups, no one could be
classified as having a healthy periodontal
status.

In this study, smoking caused a shift
toward medium-severe PD, while a
marked shift toward the most severe stage
was observed when smoking was
combined with DM.

DIGITAL FEATURES

To view digital features for this article go to
https://doi.org/10.6084/m9.figshare.12957311.

INTRODUCTION

Studies have established that periodontal status
and systemic diseases have an effect on each
other [1]. The most studied interactions are
those between periodontal disease (PD) and
cardiovascular conditions [2], rheumatoid
arthritis [3–5] and diabetes [6–8], but relation-
ships between PD and hypertension [8], osteo-
porosis [9], psoriasis [10, 11] pulmonary diseases
[12], pregnancy and perinatal complications
[13–15] have also been shown.

PD is a chronic, destructive oral condition
characterized by infection-related inflammation
of the tooth-supporting tissues, leading to bone
destruction and tooth loss [16]. Excessive
inflammation of the periodontal tissues (peri-
odontitis) is the hallmark feature of PD. In PD,
bacteria in the oral biofilm interfere with the
body’s defense mechanisms, activating the
immune system which in turn results in
inflammation and the immune response
[17, 18]. The levels of C-reactive protein, pros-
taglandin E2 interleukin-1beta, and tumor
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necrosis factor alpha increase in PD [19]. A
similar increase in the presence and concentra-
tion of these inflammatory mediators has also
been observed in persons with diabetes mellitus
(DM) [20, 21].

In type 1 diabetes (T1D), the pancreas is
unable to produce (enough) insulin, whereas
type 2 diabetes (T2D) is characterized by insulin
resistance often combined with a relatively low
level of insulin secretion. According to the
World Health Organization, the prevalence of
DM worldwide in 2014 was 8.5% [22]. DM has
several known complications, including
retinopathy, nephropathy, neuropathy,
macrovascular abnormalities, prolonged wound
healing and PD [23]. The increasing number of
recent studies that have focused on examining
the relationship between DM and PD testified to
a definite surge in scientific interest [24–26].
Given that certain cytokines and other inflam-
matory mediators are involved in both diseases,
DM and PD appear to have a mutually detri-
mental effect on each other. A strong correla-
tion was found between PD and DM [27–29], as
well as between PD and the metabolic control of
DM both in T1D and T2D [30–36]. According to
some authors, this relationship is two-way
[37–39], which has led to the notion that peri-
odontal therapy may influence DM outcomes
[40, 41]. In support of this, a positive effect of
periodontal therapy on DM outcomes has been
observed in various studies [41–44].

Smoking is a harmful and addictive habit
which, in addition to being an addiction, gives
rise to or exacerbates various pathological con-
ditions [45–48], including DM and PD. Obra-
dovic and co-workers studied smokers and non-
smokers with T1D or T2D who also had PD and
found that smoking had an adverse effect on
the periodontal status of these patients. An
obvious weakness of that study was that only
patients with PD were enrolled in the study and,
consequently, no comparison was made with
healthy controls [49]. Gupta and colleagues
investigated the relationship between T2D and
smoking in patients with PD and observed that
the periodontal status of these patients with PD
was significantly worse in the group of smokers
with DM than in the group of non-smokers with
T2D [50]. Obrak and co-workers found that the

periodontal status of non-smokers with T2D
with and PD was better than that of their
smoking counterparts [51], while Javed and co-
workers found that both DM and smoking had a
detrimental effect on the periodontal status of
patients [52]. These studies draw a hypothetical
picture in which DM damages the integrity of
the periodontium and smoking likely boosts
this effect. Unfortunately, none of these afore-
mentioned studies used healthy controls, so
their results cannot be regarded as strong evi-
dence supporting the hypothesis they set up to
test. It should also be noted that the relation-
ship between smoking and periodontal status
has not yet been investigated and compared to
healthy controls in patients with T1D or T2D
who have good periodontal health. The aim of
this study was to fill the gaps in the literature by
examining the relationship between smoking
and periodontal status in both patients with
DM (T1D or T2D) and healthy controls.

Our research group has been investigating
the relationship between various systemic dis-
eases for a decade, including systemic condi-
tions such as psoriasis and rheumatoid arthritis,
and we are especially interested in the addi-
tional effect of smoking [25]. In 2014, we first
proposed that smoking may act as a permissive
factor of PD in patients with psoriasis [11], and
we subsequently demonstrated something sim-
ilar in rheumatoid arthritis [53]. In the
exploratory study reported here, we hypothe-
sized that (1) the periodontal status of patients
with DM with no smoking history would be
significantly poorer than that of healthy non-
smoking controls, and (2) this effect would be
exacerbated by smoking. The specific question
we sought an answer to was whether PD occurs
more often and in a more serious form in
smokers with DM than in non-smokers with
DM. Thus, the aim of the this study was to find
evidence for or against the permissive/boosting
effect of smoking on periodontal destruction in
patients with DM. The effect of various subfac-
tors (such as the type of DM and the success of
blood glucose control) was also considered.
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METHODS

Patients

Patients with DM were recruited form the
Department of Internal Medicine of the
University of Szeged, Faculty of Medicine,
Szeged, Hungary, and healthy controls were
recruited from the Csongrád County Pulmonary
Screening Station, Szeged, Hungary in
2018–2019. Before enrollment, all participants
had been informed about the study. Participa-
tion was voluntary, and written informed con-
sent was obtained from each participant. The
protocol of the study conformed in all respects
to the tenets of the Declaration of Helsinki of

1964, and its later amendments, and the study
was approved by the Regional Research Ethics
Committee for Medical Research at the
University of Szeged, Hungary (144/2014-B/001,
accepted 2014, modified in 2019).

A total of 128 participants were enrolled in
the study. These participants were assigned to
four groups: (1) smoking patients with DM
(SDM); (2) non-smoking patients with DM
(NSDM); (3) smokers without DM (control
group, SC) and (4) non-smokers without DM
(control group, NSC). Each group consisted of
32, age-matched participants. Gender matching
was also possible in most cases, but females were
over-represented in both the patient and the
control groups. Detailed descriptions of the

Table 1 Descriptive statistics of the patient and control groups

Descriptive statistic of the patient and control groups Diabetes patient groups Control groups

Age (years)

Smoker subsample 54.5 ± 13.4 54.0 ± 13.6

Non-smoker subsample 54.3 ± 13.9 54.5 ± 13.9

Sex ratio

Non-smoker subsample 18F:14 M (56%:44%) 20F:12 M (62%:38%)

Smoker subsample 18F:14 M (56%:44%) 22F:10 M (69%:31%)

CAL (mm)

Smoker subsample 2.94 ± 1.60 2.51 ± 1.32

Non-smoker subsample 2.83 ± 1.51 2.50 ± 1.24

PPD (mm)

Smoker subsample 2.60 ± 1.25 2.27 ± 1.06

Non-smoker subsample 2.71 ± 1.28 2.30 ± 0.98

Number of teeth

Smoker subsample 16 ± 8.0 19.2 ± 7.5

Non-smoker subsample 18 ± 7.9 20.7 ± 5.7

T1D subsample 22 ± 6 .5 NA

T2D subsample 16.2 ± 7.7 NA

Values in table are presented as the mean ± standard deviation (SD) or as frequencies (number of observations with the
percentage in parenthesis)
CAL Clinical attachment level (distance between the cemento-enamel junction and the bottom of the pocket), F female, M
male, PPD probing pocket depth (distance between the marginal gingiva and the bottom of the periodontal pocket), T1D/
T2D type 1/type 2 diabetes
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group characteristics are given in Tables 1 and 2.
Patients with T1D or T2D were included in the
study. Participants in the control group were
free of any systemic disease. Patients in the DM
groups were compared to age- and gender-mat-
ched controls.

The exclusion criteria for all groups were
determined based on relevant literature and
included obesity (body mass index C 30 kg/m2),
excessive alcohol consumption, drug abuse,
rheumatoid arthritis and diseases causing neu-
tropenia and local or systemic inflammatory
conditions (other than DM) [54]. Poor oral
hygiene, defined as a Simplified Oral Health
Index (OHI-S) score[3 [55] was also an exclu-
sion criterion. Pregnant women, patients
receiving cancer therapy, toothless patients or
patients with \ 3 teeth, patients with a serum
creatinine level C 1.6 mg/dL and patients with
hemoglobinopathy or any other type of hem-
orrhagic disorder were excluded from the study.
Patients in need of antibiotic prophylaxis for
any reason or who had received antibiotics
within 2 weeks prior to study initiation were

also excluded, as were individuals wearing
orthodontic braces. Demographic and tobacco
use data were collected by means of a ques-
tionnaire. A smoker was defined as a person
who reported smoking at least two cigarettes for
an uninterrupted period of 1 year prior to study
initiation. A non-smoker was defined as a per-
son with no self-reported tobacco use for
30 years prior to study initiation. Former
smokers were not included in the sample as the
category is rather vague (especially when talk-
ing about self-reported tobacco use); in addi-
tion, the relatively limited sample size would
not have allowed a meaningful analysis of an
additional category. Smokers in both patient
and control groups were comparable in terms of
smoking history expressed in pack-years (mean
± standard deviation [SD] pack-years: patients
17.19 ± 15.81, controls 16.47 ± 13.70). Medical
information on both controls and patients with
DM was extracted from patient files and hospi-
tal records.

The required sample size was calculated with
G*Power version 3.1. 5. (University of Kiel, Kiel,
Germany), a software program designed espe-
cially for statistical power and sample size
computation [56]. The software allows the
computation of achieved statistical power (post-
hoc) and required sample size (a priori). As
mostly categorical variables were to be ana-
lyzed, a priori sample size estimation was per-
formed for crosstabs/chi square/contingency
tables, with the following input parameters:
effect size (w): 0.3; a: 0.05; power (1 - b): 0.82;
df: 3. Required sample size was calculated to be
n = 128 (for four groups: DM smoker/DM non-
smoker; control smoker/control non-smoker). It
should be noted that the study was powered for
the hypothesis tests defined in the section
‘‘Statistical Analysis’’; more complicated analy-
ses (e.g. regression analyses with multiple pre-
dictor variables) were not possible with this
sample size. Consequently, this study must be
regarded as exploratory in nature.

Parameters Studied

Control of diabetes was estimated by measuring
hemoglobin A1c (HbA1c) levels in the

Table 2 Disease duration, complications and co-mor-
bidities among patients with diabetes

Disease duration,
complications and co-
morbidities

Smokers
with
diabetes

Non-smokers
with diabetes

Duration of disease (years) 18.56

± 7.8

18.72

± 10.03

T1D 10 (31.3%) 12 (37.5%)

T2D 22 (68.8%) 20 (62.5%)

Diabetic nephropathy 8 (25%) 11 (34.4%)

Diabetic retinopathy 3 (9.4%) 12 (37.5%)

Diabetic polyneuropathy 10 (31.3%) 15 (46.9%)

Chronic obstructive

pulmonary disease

2 (6.3%) 3 (9.4%)

Asthma 2 (6.3%) 2 (6.3%)

Values in table are presented as the mean ± SD or as
frequencies (number of observations with the percentage
in parenthesis)
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peripheral blood [57]. Diabetes was considered
to be well controlled at HbA1c B 7%, moder-
ately controlled at HbA1c [ 7.01 and B 8.5%
and poorly controlled at HbA1c[8.5%.

The periodontal status of the patients was
assessed by full oral examination, where prob-
ing pocket depth (PPD; distance between the
marginal gingiva and the bottom of the peri-
odontal pocket, in millimeters), bleeding on
probing (BOP; bleeding that is induced by gen-
tle manipulation of the tissue at the depth of
the gingival sulcus with a periodontal probe),
clinical attachment loss (CAL; distance between
the cemento-enamel junction and the bottom
of the pocket, in millimeters) and the amount
of plaque were evaluated. PPD, BOP, CAL and
the amount of plaque was measured at six
locations per tooth (mesiobuccally, buccally,
distobuccally, distolingually, lingually and
mesiolingually), with the exception of the wis-
dom teeth (which were not evaluated in this
study). Williams probes (Hu-Friedy Manufac-
turing Co. Chicago, IL, USA) were used [58].
Assessment of the clinical severity of PD is still a
matter of debate, and several assessment meth-
ods are described in the literature for various
purposes, from clinical use to epidemiological
work [59]. In this study, we used the classifica-
tion introduced by Fernandes et al. [16]: (1) the
participant is considered to have a healthy
periodontal status if no CAL or BOP can be
detected; (2) early PD is defined as CAL C 1 mm
at C 2 teeth; (3) moderate PD is defined as CAL

C 4 mm at 3 locations and PPD C 3 mm in at
least 2 locations; (4) severe PD is defined as CAL
C 6 mm at C 2 teeth and PPD C 5 mm at C

1 location. To characterize the groups in more
detail, we calculated and recorded PPD and CAL
separately for each participant, as recom-
mended in other studies [60, 61].

Statistical Analysis

Statistical analyses were performed in SPSS ver-
sion 21.0 statistical software (IBM Corp.,
Armonk, NY, USA). Continuous variables were
described as means ± SD, and categorical vari-
ables were characterized as frequencies. For
hypothesis testing, one-way analysis of variance
(ANOVA; with Tukey’s post-hoc test) or
Kruskal–Wallis ANOVA (with Mann–Whitney
U tests for the pairwise comparisons) were used,
depending on whether the normality and
homogeneity assumptions were fulfilled. To test
the association between categorical variables,
we used the chi-square test. If a significant
association was found, the dataset was further
analyzed with Kruskal–Wallis ANOVA (with
Mann–Whitney U tests for the pairwise com-
parisons). The general limit of significance was
set at p = 0.05, but it was corrected for multiple
comparisons with the Bonferroni correction
where necessary.

Table 3 Severity of periodontal disease by study group

Study groupsa Fernandes et al. classification of PD [16]

Healthy periodontal status Early PD Moderate PD Severe PD

NSC 4 (12%) 11 (34%) 12 (37%) 5 (16%)

SC 0 (0.0%) 3 (9%) 19 (59%) 10 (31%)

NSDM 2 (6%) 2 (6%) 19 (59%) 9 (28%)

SDM 0 (0%) 1 (3%) 11 (34%) 20 (63%)

Values in table are presented as the frequency (number with percentage in parentheses)
PD Periodontal disease
a Study groups categorized by periodontal disease: SDM, smoking patients with DM; NSDM, non-smoking patients with
DM; SC, smokers without DM (control group); NSC, non-smokers without DM (control group)
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RESULTS

Periodontal Status by Group

Group membership was significantly associated
with the severity of PD (v2 = 36.910, p = 0.000;

see also Table 3). Subsequent analysis of the
data using Kruskal–Wallis ANOVA revealed sig-
nificant variance across the four groups in terms
of severity of PD (H (3) = 25.659, p = 0.000). The
pairwise comparisons showed a significant dif-
ference in severity of PD between the SC and

Fig. 1 Distribution of severity stages of periodontal disease
across groups (Fernandes et al. classification of PD [16]).
Note that while the severity stages follow a normal
distribution in healthy, non-smoking controls, smoking
causes a definite shift to the right, and when smoking is

combined with diabetes, an extreme shift to the right can
be observed. SDM Smoking patients with DM, NSDM
non-smoking patients with DM, SC smokers without DM
(control group), NSC non-smokers without DM (control
group)

Table 4 Severity of periodontal disease by glycemic control as assessed by hemoglobin A1c status

HbA1c statusa Healthy periodontal status Early PD Moderate PD Severe PD

WC 1 (6.3%) 0 (0.0%) 9 (56.3%) 6 (37.5%)

MC 01(4.0%) 2 (8.0%) 12 (48.0%) 10 (40.0%)

PC 0 (0.0%) 1 (4.3%) 9 (39.1%) 13 (56.5%)

Values in table are presented as the frequency (number with percentage in parentheses)
a Hemoglobin A1c (HbA1c) status: WC (well-controlled): HbA1c B 7%; MC (moderately controlled): HbA1c[
7.01%,B 8.5%; PC (poorly controlled): HbA1c[ 8.5%
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NSC groups (p = 0.027) and between the NSC
and SDM groups (p = 0.000); the difference
between the NSDM and SDM groups was nearly
significant (p = 0.052). Of note is that no one in
the two smoker groups was classified as having
good periodontal health. As shown in Table 3,
the significant between-group differences most
probably were due to differences in the fre-
quency of the severe stage of PD across the
groups, with the lowest frequency of severe PD
found among those in the NSC group (15.6%),
followed in increasing order of frequency
among those in the NSDM group (28.1%) and
SC group (31.3%), peaking in the SDM group
(62.5%). The other stages of PD did not show
such notable between-group differences (apart
from the already mentioned healthy stage, but
the frequency of this stage was quite low in all
groups). It is remarkable that while the stages of
PD followed a normal distribution in the heal-
thy, non-smoking controls, smoking seemed to
cause a shift toward the middle of the severity
spectrum, and when smoking was combined
with DM, a marked shift toward the most severe
stage was observed (Fig. 1).

Diabetes Type, Glycemic Control
and Periodontal Status

There was no significant association between
the type of diabetes (T1D or T2D) and peri-
odontal status (v2 = 6.190, p = 0.103), and the
distribution of the four stages of periodontal
status was almost the same in these two diabetic
subgroups, with the exception that severe PD
was 17.5% more frequent in the T2D subgroup
than in the T1D subgroup. However, T2D was
over-represented in the study sample (ntype2-

= 42 vs. ntype1 = 22), so the validity of this
observation cannot be established with safety.
There was also no significant association
between diabetes control and the severity of PD
(v2 = 15.503, p = 0.078), but the results of the
analysis suggest that the frequency of the severe
stage increased with the worsening of diabetes
control (nwell controlled = 6; nmoderate = 10;
nmpoorly controlled = 13; see Table 4).

Number of Teeth

Pairwise comparisons (Tukey’s HSD [honestly
significant difference] test) indicated that
patients in the SDM group had significantly
fewer teeth (mean ± SD: 16.0 ± 7.9) than sub-
jects in the NSC group (20.7 ± 5.6) at p = 0.02.
No other comparison returned a significant
result. There was stepwise difference in the
mean number of teeth between groups, with
patients in the SDM group having the lowest
mean number of teeth and subjects in the NSC
group having the highest (see also Table 1). In
terms of the number of teeth by DM type,
patients with T1D had significantly more teeth
than patients with T2D (22 ± 6.5 vs. 16.2 ± 7.7;
p = 0.01).

DISCUSSION

It is well established in the literature that
smoking is a major risk factor for developing
and aggravating DM and its complications. This
is especially true for T2D, the most common
form of DM worldwide [62, 63]. It is also known
that PD is a frequent sequela of diabetes, so
much so that Harald Löe termed it ‘‘the sixth
complication of diabetes mellitus’’ [23]. In this
study we sougth to answer the question ‘‘what
effect does smoking have on this specific com-
plication’’ by analyzing the periodontal status of
both smoking and non-smoking patients with
DM.

The results are clear in the sense that that
while periodontal status followed a normal
distribution in healthy, non-smoking controls,
smoking caused a shift toward the middle of the
PD spectrum, and when smoking was combined
with diabetes, a marked shift toward the most
severe stage was seen. This result was expected,
as it is known that smoking damages the peri-
odontal tissues even in otherwise healthy per-
sons and has a detrimental effect on the
progression of PD [64]. We considered it there-
fore safe to hypothesize that smoking would
turn out to be even more detrimental when the
primary disease, itself known to have the ability
to initiate (and probably aggravate) PD, is pre-
sent. Within the limits of the present study, we
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believe we have verified this hypothesis. How-
ever, the data gathered in this study do not
allow an explanation of how exactly DM and
smoking interact to aggravate PD. As such, the
results may be interpreted as evidence to sup-
port the existence of such a detrimental
interaction.

We also hypothesized that the periodontal
status of diabetic patients with no smoking
history would be significantly poorer than that
of healthy non-smoking controls. We believed
that this hypothesis was logical based on the
established relationship between DM and PD.
However, it would appear that the results of our
study fail to bear this out; for example, there
was no remarkable difference between the NSC
and NSDM groups (except for the early stage,
but not in general). We do not believe that
these results should be interpreted as evidence
against the well-established relationship; rather,
the explanation most likely lies in technical
factors and is related to the method of assess-
ment and the different ways in which DM and
smoking exert their detrimental effect on the
periodontium. Smoking, in fact, can be regar-
ded as repeated episodes of an aggressive
chemical attack against the tissues. Smoking
damages the periodontal tissues in both sys-
temic and local ways [64], with smoking-in-
duced periodontal inflammation always being
the more severe type. Diabetes, on the other
hand, develops over a course of time and seems
to exert its effects on periodontal tissues effects
more slowly and in finer, less direct ways. To
give just one expressive example, the antibac-
terial capacity of the saliva can be downregu-
lated in persons with DM over time, which
favors the growth of periodontopathogenic
bacterial species [65]. The end result is that
while smoking has a rapid effect on the peri-
odontium and maintains a high level of severe
inflammation through repeated exposure of
these tissues to toxic chemicals, severe stages of
periodontal inflammation in DM develop later
in the course of the disease and the inflamma-
tion is milder than that induced by smoking. As
the classification we used measures the actual
severity of the periodontal inflammatory pro-
cess, it is not surprising that it cannot show the
fine DM-related difference as efficiently as the

massive difference caused by smoking. Still, it
should be noted that the classification does not
fail to capture the effect of DM entirely: our
results clearly show that when smoking is
paired up with DM, the destruction of the
periodontium is significantly more severe. In
summary, DM has a damaging effect on the
periodontium, but the clinical staging we used
to assess the severity of the inflammation is less
sensitive to the effects of DM. While this might
be regarded as a weakness of the study, in our
professional opinion the classification of Fer-
nandes and colleagues [16] is still the best
available classification for study purposes, as it
is easy to use and interpret and has a strong
positive correspondence to the histopathology
of PD.

In terms of the effect of diabetes type, our
results suggest that T2D may be more damaging
to the periodontium than T1D, as reflected by
the mean number of teeth and the relatively
higher prevalence of the most severe stage in
participants with T2D. However, the sample size
was not large enough for us to allow firm con-
clusions and, in addition, T2D was over-repre-
sented (which is realistic but not optimal for the
comparison of the two types). As for the lower
number of teeth in patients with T2D, it cannot
be excluded that the observed tooth loss is the
result of lifestyle rather than the DM itself,
given that an unhealthy diet is a major risk
factor for the development of T2D [66]. We
suggest that this is an interesting finding which
may be worth pursuing in future studies, but
our results are not sufficient to discuss this topic
in any detail.

Glycemic control is another factor which
was found not to significantly influence the
severity of PD (or vice versa), although the
descriptive statistics clearly show that glycemic
control became poorer with increasingly severe
stage of PD. Taken together, it would appear
that there is an effect of glycemic control on PD
(in either direction), but that this effect is either
statistically non-significant or significant but
with too small an effect size to show signifi-
cance in this sample size. The literature is divi-
ded over this question but leans more toward
the no-effect side. A number of earlier studies
with sample sizes similar to our sample size,
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such as the study of Fernandes and colleagues
[16], have also failed to show a significant
association between PD severity and glycemic
control. In their review, Taylor and colleagues
also concluded that there is no such connection
[67]. However, there are also studies supporting
the counter-argument, providing strong evi-
dence that HbA1c improved as a result of peri-
odontal treatment [43, 68]. A possible
explanation for the obvious uncertainty of thes
results is that while HbA1c is a well-established
clinical parameter that helps treatment, it pri-
marily allows the assessment of the risk of
microvascular complications [69]. While
microvascular factors may contribute to the
deterioration of periodontal status in DM, PD is
still predominantly a disease of immunological/
microbiological origin. In short, while our
results seem to support the existence of a weak
connection, HbA1c might not be the best
parameter to link DM with PD. It is safe to
assume that results from continuous glucose
monitoring would allow a much more decisive
conclusion, but we did not have that option.
This is definitely a limitation to our study, but
in Hungary, continuous monitoring is not
widespread and, consequently, collecting data
on even the relatively small number of patients
with regularly recorded continuous monitoring
data was extremely difficult. In contrast, HbA1c
is routinely and meticulously recorded for all
patients receiving diabetes care. We had to
choose between reporting the routinely recor-
ded standard parameter or omitting glycemic
control altogether, and the latter did not appear
to be the adequate choice in the given context.

As often happens, our study has resulted in
more questions than it can answer, but we
believe that we can draw at least one valid
conclusion: smoking damages even the healthy
periodontium, but when a DM patient smokes,
the destruction multiplies. This is quite similar
to what our research group described about the
relationship between smoking and PD in psori-
asis [11]. In that study, we concluded that
smoking and psoriasis act in synergy to boost
periodontal inflammation, which in turn leads
to the over-representation of the most severe
stage in smoking patients. The situation appears
to be the same in the case of diabetes, i.e. the

relatively mild damaging effect of the disease
itself is multiplied by the repeated chemical
challenge of cigarette smoke exposure. How this
effect is realized goes beyond the scope of this
study, but it is safe to assume that the process
has both microvascular and immunological
components, and it is probably the meeting of
these different pathogenic pathways that gives
rise to the observed massive deterioration. Some
studies have addressed the issue of the effect of
smoking and DM on periodontal health
[50–52], but none of these concentrated
explicitly on the interaction of the two factors.
Our results are new in this respect and demon-
strate another way in which smoking can do
further damage to the health of patients with
DM.

CONCLUSIONS

Within the limitations of this study, we con-
clude that smoking damages even the healthy
periodontium, but when a DM patient smokes,
the destruction caused by smoking is multi-
plied, while the effect of DM alone is relatively
mild. These results might be interpreted as
indicative of a synergy between DM and smok-
ing to damage the periodontal tissues, but
standing alone they do not allow us to draw a
hard conclusion, especially as the size of the
study sample did not allow more in-depth
analyses. The details thus remain to be clarified.
Nevertheless, based on these results, we con-
clude that the increased risk of severe PD is
another reason why patients with DM should be
discouraged from smoking.
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