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Objective: To evaluate the association between systemic diseases and severity of periodontitis
based on Chinese epidemiological data.

Methods: Data of dentate subjects (35- to 44-year-old group, 55- to 64-year-old group, and 65- to
74-year-old group) from the Fourth National Oral Health Survey of China were analyzed. Self-
report diagnosis of systemic diseases was based on face-to-face interview. Periodontal status
was defined by the 2018 classification scheme and periodontal parameters including bleeding
on probing (BOP), probing depth (PD) and attachment loss (AL).

Results: The prevalence of systemic diseases, was much higher in subjects with advanced
periodontitis but similar in subjects with other periodontal status. The association between
systemic diseases and advanced periodontitis is stronger in the younger adult group but
weakens with age.

Conclusion: Periodontitis is a significant associated with systemic diseases, especially hyper-
tension, heartdisease, diabetes among Chinese adults based on the data of the Fourth National
Oral Health Survey of China. In view of the worsening health burden of periodontitis, it might
be necessary for healthcare providers to be more concerned about prevention and treatment
of periodontitis in order to enhance systemic health.
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In the last 50 years, considerable progress has been
made in understanding the aetiology and pathogenesis
of periodontal diseases and their interactions with the
host. In 2017, periodontal diseases were reclassified
at a World Workshop, with periodontitis defined as a
chronic multifactorial inflammatory disease associated

with plaque biofilms resulting in chronic destructive
inflammatory responses, which progress through peri-
odontal attachment tissue and bone loss.! Patients with
periodontitis may remain at increased risk of other sys-
temic diseases.
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Severe periodontitis defined by extensive loss of the
tooth-supportive apparatus is the sixth most common
human disease, estimated to affect 11.2% of the global
adult population.? If untreated, it results in tooth loss,
which in turn can lead to altered speech, nutritional
compromise and a poorer overall quality of life, repre-
senting a significant health care, economic and social
burden.

Since the 1990 s, multiple epidemiological, experi-
mental and interventional studies have focused on the
possible associations between periodontal diseases and
systemic diseases.3® Periodontitis has been showed
to be independently associated with the majority of
chronic non-communicable diseases of aging and pre-
mature mortality.3 In 2010, the seven leading causes of
death in the USA were heart disease, cancer, chronic
lower respiratory disease, stroke/cerebrovascular dis-
eases, unintentional accidental injuries, Alzheimer’s
disease and diabetes, according to the National Centre
for Health Statistics of the Centers for Disease Control
and Prevention.* Except for unintentional accidental
injuries, all of these are chronic diseases, which have
been associated with periodontitis.

A panel of experts from the USA and Europe
reviewed the evidence supporting the associations
between periodontal and systemic diseases in 2012
and concluded that periodontitis contributes to the
bacterial burden resulting in a significant systemic
inflammatory response, which is likely to act as a
contributing factor in the pathophysiology of diabe-
tes, cardiovascular diseases and pregnancy compli-
cations.>7 More recently, other systemic diseases,
such as rheumatoid arthritis, cancers, metabolic dis-
ease and obesity, respiratory diseases and cognitive
disorders including Alzheimer’s disease, have been
independently associated with periodontitis.® A recent
systematic review by Monsarrat et al® reported that
periodontitis is linked to 57 systemic diseases and con-
ditions. The vast population of China showed signifi-
cant genetic, environmental, and cultural differences
from Western populations; however, information on
the associations between periodontitis and systemic
diseases was lacking in China.

Therefore, the purpose of the present study was to
evaluate the associations between periodontitis and
systemic diseases based on the data of the Fourth
National Oral Health Survey of China.%! The authors
sought to determine whether severity of periodon-
titis, in accordance with the new classification scheme
of periodontal diseases proposed at the 2017 World
Workshop, was associated with systemic diseases.
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Materials and methods
Study design and sample

This is a cross-sectional study. The data were from the
Fourth National Oral Health Survey of China, launched
in 2015 by the Chinese Stomatological Association.10-13
The survey design and sample selection description
had been published elsewhere.1* A multistage cluster
sampling method was adopted for this survey. All 31
provinces, autonomous regions and municipalities
(including Tibet) in the mainland of China were includ-
ed. Two urban and two rural districts were selected in
each province using probability proportional to size
(PPS) sampling.19 In total, 62 urban and 62 rural dis-
tricts were selected. Three sub-districts (referred to
as streets in urban districts and as townships in rural
districts) were then selected using the PPS sampling
method in each district.19 A total of 186 streets and
186 townships were selected. One neighbourhood
community from an urban district or one village com-
munity from a rural district were selected using a sim-
ple random sampling method in each sub-district.10
Adults (age groups 35 to 44 years, 55 to 64 years and
65 to 74 years) were recruited from neighbourhood
or village communities. In each neighbourhood or
village community, 36 residents with a male-female
ratio of 1:1 (12 for each of the aforementioned age
groups) were recruited consecutively using the cluster
sampling method. All participants underwent a clini-
cal examination and information regarding their oral
health status was recorded. Portable dental chairs were
carried to the survey sites and the participants were
examined in a supine position. For each age group,
participants were given a structured questionnaire
covering age, sex, education level, household income
per capita, occupation, oral health knowledge and
attitude, with their responses recorded in face-to-face
interviews by trained interviewers. Data from the oral
examination and questionnaire were extracted from
the Fourth National Oral Health Survey of China. The
sample size was calculated according to the preva-
lence of periodontal diseases (86%) found in the Third
National Oral Health Survey in 2005, with an accept-
able margin of error (10%) and an anticipated response
rate of 80%.1* The study protocol was approved by the
Ethics Committee of the Chinese Stomatological Asso-
ciation (approval no. 2014-003) and the Biomedical Eth-
ics Committee of Peking University School and Hos-
pital of Stomatology (PKUSSIRB-2024102140). Written
informed consent was obtained from participants at
enrolment.
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Data extraction

The following clinical and demographic data were
extracted for analysis from the Fourth National Oral
Health Survey of China. The diagnoses of periodontitis,
periodontal pockets, attachment loss, bleeding gums
and calculus through periodontal examinations were
ascertained by licensed dental practitioners. Detailed
information about the definition of periodontal disease
and diagnosis criteria has been provided elsewhere.l*
Briefly, full-mouth periodontal examinations were
performed including bleeding on probing (BOP), pres-
ence of calculus, periodontal probing depth (PPD) and
clinical attachment loss (CAL). For each parameter, the
tooth was scored according to the severity of the most
severe site.

Data from the oral examinations and questionnaire
were extracted from the Fourth National Oral Health
Survey of China. The following periodontal examin-
ation data were extracted:

* Calculus (defined by visual examination for supra-
gingival calculus and by probing for subgingival cal-
culus: 0 = absence, 1 = presence, 9 = tooth excluded,
and X = tooth not present);

« PPD (0=1 to 3mm, 1=4 to 5mm, 2=2>6mm,
9 = tooth excluded, and X = tooth not present);

* BOP (0 =absence, 1= presence, 9 =tooth excluded,
and X = tooth not present);

* CAL (measured by the distance from the cemento-
enamel junction to the bottom of the periodontal
pocket: 0=0to 3mm, 1=4to 5mm, 2=6 to 8 mm,
3=9to 11 mm, 4 => 12 mm, 9 = tooth excluded, and
X =tooth not present).

Periodontal disease was diagnosed according to the clas-

sification scheme proposed at the 2018 World Workshop

on the Classification of Periodontal and Peri-Implant

Diseases and Conditions as follows:

+ periodontally healthy: < 10% BOP-positive sites and
PPD < 3 mm;

+ gingivitis: > 10% BOP-positive sites and PPD < 3 mm;

+ periodontitis: staged using the algorithm developed
by Graetz et al.15

For each tooth, CAL of 1 to 2 mm was defined as stage
I, 3to 4 mm as stage Il and > 5 mm as stage III. Next,
the number of teeth lost was considered (stages I and
II, no tooth loss; stage III, < 4 teeth lost; and stage
IV, > 5 teeth lost; it should be noted that reasons for
tooth loss were not considered here). The authors also
evaluated the complexity of management. Stage II
patients were reclassified as stage III if the maximum
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PPD was > 6 mm, and stage III patients were reclas-
sified as stage IV if there were < 10 opposing pairs of
teeth. Severity of periodontitis was then classified
based on the results of the algorithm, with stage I indi-
cating mild periodontitis, stage II representing moder-
ate periodontitis and stages III and IV corresponding to
advanced periodontitis.

A calibration training programme and quality con-
trol procedures were conducted to ensure the reliability
of the findings. Prior to the field survey, the calibration
training programme was launched to ensure reliabil-
ity of the results. Two or three examiners selected
from each province attended the programme and then
conducted all the clinical examinations in their own
province. Each examiner was calibrated with a stand-
ard examiner in the same setting. Examiners with
kappa values higher than 0.6 for PPD were qualified. In
the field survey, 5% of the participants were randomly
selected for a duplicate examination on each examin-
ation day to monitor inter-examiner reproducibility.
As measured using Kappa statistics, the inter-examiner
reliability for PPD was > 0.6.

In the Fourth National Oral Health Survey, two
or three trained investigators acted as interviewers.
Furthermore, in districts where the dialect was dif-
ficult to understand, a local person acted as an assis-
tant. In the adult age groups, a structured question-
naire covering participants’ age, sex, education level,
household income per capita, occupation, oral health
knowledge and attitude was conducted with responses
recorded in face-to-face interviews by trained inter-
viewers. The following information was extracted
from the Fourth National Oral Health Survey of China
for analysis:

* age (years);

+ annual family income (with 10,000 yuan as the unit);

+ sex (male versus female);

* highestlevel of education (no school, primary school,
junior high school, high school, technical specialised
school, junior college, undergraduate, masters or
higher);

» medical history variables including stroke, type 2 dia-
betes, hypertension, heart disease, chronic obstruc-
tive pulmonary disease (COPD) and other systemic
diseases;

+ smoking status (current smoker, former smoker or
non-smoker);

* region (urban versus rural).

The data extraction process was similar to that used in a

study that reported the severity of periodontitis in main-
land China.
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Table 1 Distribution of systemic diseases with more than 100 patients by age group.
Systemic disease 35-44y 55—64y 65—74y Total
n (%) n (%) n (%) n (%)
Hypertension 277 (6.28) 1296 (28.37) 1583 (37.53) 3156 (23.92)
Heart disease 126 (2.86) 526 (11.51) 839 (19.89) 1491 (11.30)
Diabetes 89 (2.02) 473 (10.35) 515 (12.21) 1077 (8.16)
Stroke 21 (0.48) 122 (2.67) 179 (4.24) 322 (2.44)
COPD 23 (0.52) 76 (1.66) 112 (2.66) 211 (1.60)
Chronic gastritis 38 (0.86) 74 (1.62) 79 (1.87) 191 (1.45)
Hyperlipidaemia 11(0.25 38 (0.83) 53 (1.26) 102 (0.77)

Statistical analysis

The primary outcomes, also the dependent variables,
were whether a subject had systemic disease(s). The
independent variable was periodontal status according
to the 2018 new classification. Firstly, descriptive statis-
tics were performed, and distributions of systemic dis-
eases was reported as N and percentage by periodontal
status according to different classifying methods:

* sixcategories: periodontal health, gingivitis and peri-
odontitis stages I to IV;

* three categories: non-periodontitis (periodontal
health and gingivitis), mild and moderate periodon-
titis (periodontitis stage I and II) and advanced peri-
odontitis (periodontitis stages III and IV);

+ advanced periodontitis, that is stages III and IV and
non-advanced periodontitis, the other four periodon-
tal conditions).

Then, for univariate analysis, logistic regressions were
made with whether a subject had a certain systemic dis-
ease (for example hypertension) as the dependent vari-
able and periodontal status (non-advanced periodontitis
versus advanced periodontitis) as the dependent vari-
able. In addition, multivariate analysis was conducted
to adjust the confounders (sex, smoking status, region,
highest level of education and annual family income).
Finally, forest plots were created based on the univari-
ate and multivariate logistic regressions. The level of
significance was set at P < 0.05.

Results

Data from 13,195 dentate subjects (6,575 men and 6,620
women) were analysed. The mean age of the subjects
was 56 years (56.43 + 12.40 years). There were 3,472 non-
smokers (26.30%), 8,405 current smokers (63.71%) and
1,318 former smokers (9.99%).

In general, 3,156 subjects (23.92%) had hyperten-
sion, 1491 (11.30%) had heart disease, 1,077 (8.16%)
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had diabetes, 322 (2.44%) had suffered from a stroke,
211 (1.60%) had COPD, 191 (1.45%) had chronic gastritis
and 102 (0.77%) had hyperlipidaemia. The distribution
of systemic diseases by age groups is shown in Table 1.

Systemic diseases and severity of periodontitis

Overall, the prevalence of systemic diseases was much
higher in subjects with advanced periodontitis but simi-
lar in subjects with non-, mild and moderate periodon-
titis (Fig 1 and Table 2). The difference became more
obvious when the status of periodontitis was combined
for analysis. Taking hypertension as an example, the
prevalence of hypertension for periodontal health sub-
jects, subjects with gingivitis and subjects with peri-
odontitis stages I to IV was 20.0%, 19.3%, 17.8%, 24.7%,
29.2% and 34.3%), respectively. If periodontal conditions
were divided into three categories, that is non-perio-
dontitis (periodontal health and gingivitis), mild and
moderate periodontitis (stages I and II) and advanced
periodontitis (stages III and IV), the prevalence of
hypertension was 19.99%, 20.49% and 31.70%, respect-
ively. If periodontal conditions were divided into only
two categories, that is non-advanced periodontitis (all
statuses except periodontitis stages III and IV) versus
advanced periodontitis, the prevalence of hypertension
was 20.39% versus 31.70%.

Systemic diseases and advanced periodontitis with age

Theassociation between systemicdiseasesandadvanced
periodontitis is stronger in the young but weakens with
age (Tables 3 to 5 and Fig 2 to 4). Stratification analysis
showed that the prevalence of systemic diseases, expect
for chronic gastritis, in subjects with advanced peri-
odontitis was much higher than subjects with another
periodontal status in the 35- to 44-year-old group. In the
55- to 64-year-old group, the prevalence of systemic dis-
eases other than chronic gastritis was still higher in sub-
jects with advanced periodontitis than others; however,
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Table 2 Distribution of systemic diseases by periodontal status according to the 2018 new classification.

Systemic disease Periodon- Gingivitis Periodon- Periodon- Periodon- Periodon-
tal health (n=3,113) titis stage | titis stage Il titis stage Ill titis stage IV
(n=1,691) (n=2,081) (n=2,196) (n=2,111) (n =2,003)
n (%) n (%) n (%) n (%) n (%) n (%)
Hypertension 338 (20.0) 601 (19.3) 370 (17.8) 543 (24.7) 617 (29.2) 687 (34.3)
Heart disease 200 (11.8) 272 (8.7) 164 (7.9) 252 (11.5) 236 (11.2) 367 (18.3)
Diabetes 125 (7.4) 183 (5.9) 118 (5.7) 200 (9.1) 231(10.9) 220 (11.0)
Stroke 39 (2.3) 55(1.8) 27 (1.3) 47 (2.1) 67 (3.2) 87 (4.3)
COPD 28(1.7) 48 (1.5) 14 (0.7) 35(1.6) 40 (1.9) 46 (2.3)
Chronic gastritis 18(1.1) 53 (1.7) 24(1.2) 30 (1.4) 31 (1.5) 35(1.7)
Hyperlipidaemia 11(0.7) 15(0.5) 13 (0.6) 21 (1.0) 25(1.2) 18 (0.9)

Table 3 Distribution of systemic diseases by periodontal status of subjects in 35- to 44-year-old group according to the 2018 new

classification.

Periodontal
health (n = 698)

Systemic disease

n (%)

Periodon-
titis stage |
(n =1,203)
n (%)

Gingivitis
(n =1,385)

n (%) n (%)

Periodon-
titis stage Il
(n = 656)

Periodon-
titis stage Il
(n = 400)
n (%)

Periodon-
titis stage 1V
(n=67)
n (%)

Hypertension 40 (5.7) 73 (5.3) 70 (5.8) 44.(6.7) 40 (10.0) 10 (14.9)
Heart disease 21(3.0) 34 (2.5) 26 (2.2) 21(3.2) 17 (4.3) 7(10.4)
Diabetes 10 (1.4) 20 (1.4) 18 (1.5) 17 (2.6) 15 (3.8) 9 (13.4)
Stroke 1(0.1) 5(0.4) 7 (0.6) 4(0.6) 4(1.0) 0(0.0)
COPD 2(0.3) 7(0.5) 3(0.2) 6 (0.9) 4(1.0) 1(1.5)
Chronic gastritis 4(0.6) 15(1.1) 10 (0.8) 7(1.1) 1(0.3) 1 (1.5)
Hyperlipidaemia 1(0.1) 1(0.1) 3(0.2) 3(0.5) 3(0.8) 0(0.0)
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Table 4 Distribution of systemic diseases by periodontal status of subjects in 55- to 64-year-old group according to the 2018 new
classification.

Periodontal
health (n = 463)

Systemic disease Periodon-
titis stage IV
(n=791)

n (%)

Periodon-
titis stage Il
(n =932)

n (%)

Periodontitis Periodon-
stage | (n = 577) titis stage Il

Gingivitis
(n =900)

(n = 905)
n (%)

n (%) n (%) n (%)

Hypertension 116 (25.1) 239 (26.6) 174 (30.2) 247 (27.3) 273 (29.3) 247 (31.2)
Heart disease 70 (15.1) 93 (10.3) 68 (11.8) 91 (10.1) 93 (10.0) 111 (14.0)
Diabetes 49 (10.6) 74(8.2) 55 (9.5) 98 (10.8) 114 (12.2) 83(10.5)
Stroke 11 (2.4) 21(2.3) 10 (1.7) 19 (2.1) 27 (2.9) 34 (4.3)
COPD 11 (2.4) 18 (2.0) 5(0.9) 9(1.0) 12 (1.3) 21(2.7)
Chronic gastritis 6 (1.3) 17 (1.9) 8 (1.4) 15 (1.7) 16 (1.7) 12 (1.5)
Hyperlipidaemia 5(1.1) 3(0.3) 6 (1.0) 9(1.0) 9(1.0) 7 (0.9)

Table 5 Distribution of systemic diseases by periodontal status of subjects in 65- to 74-year-old group according to the 2018 new
classification.

Systemic disease Periodontal Gingivitis Periodontitis Periodon- Periodon- Periodon-
health (n = 530) (n = 828) stage | (n =301) titis stage Il titis stage Il titis stage IV
(n = 635) (n=779) (n =1,145)
n (%) n (%) n (%) n (%) n (%) n (%)
Hypertension 182 (34.3) 289 (34.9) 126 (41.9) 252 (39.7) 304 (39.0) 430 (37.6)
Heart disease 109 (20.6) 145 (17.5) 70 (23.3) 140 (22.0) 126 (16.2) 249 (21.7)
Diabetes 66 (12.5) 89 (10.7) 45 (15.0) 85 (13.4) 102 (13.1) 128 (11.2)
Stroke 27 (5.1) 29 (3.5) 10 (3.3) 24 (3.8) 36 (4.6) 53 (4.6)
COPD 15(2.8) 23 (2.8) 6 (2.0) 20 (3.1) 24 (3.1) 24.(2.1)
Chronic gastritis 8 (1.5) 21 (2.5) 6 (2.0) 8(1.3) 14 (1.8) 22 (1.9)
Hyperlipidaemia 5(0.9) 11(1.3) 4(1.3) 9(1.4) 13(1.7) 11 (1.0)
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Fig 3 Prevalence of sys-
temic diseases in subjects
with different periodontal sta-
tuses in the 55- to 64-year-old
group according to the 2018
new classification.

Fig 4 Prevalence of sys-
temic diseases in subjects
with different periodontal sta-
tuses in the 65- to 74-year-old
group according to the 2018
new classification.

Chinese Journal of Dental Research

55-84 yrs

-]

Prevanlence { %)
s = 3 8
—

Prevanlence { %)
& = m ow .

™
“
“

55-64 yrs

Prevanlence { %)
s 3 B &8 3

= Pesiodontal health
= Gingivititis
Perodonlitis stage |
mn Penodontiis stage |1
= Pedodonlits stage 1
W Periodontitis stage IV

== Non-periodontilis
Mild and moderate penodontits
m Advanced periodonlils

== Non-advanced-periodontits
= Advanced periodontitis

55-84 yrs

o

Pravanlence [ %)
-

55-64 yrs

. Pencdontal health
 Gingivititis
Periodontitis stage |
ws Periodontitis stage Ii
mm Periodontitis stage 11
. Periodonliis stage IV

= Non-periodontitis
Mild and moderate penodontits
. Advanced periodonlilss

= Non-advanced-penadontitis
. Advanced penodonitis

B5-T4 yrs

65-T4 yrs

= Pesiodontal health
W Gingivititis
Periodantitis stage |
s Periodontitis stage Il
= Periodontitis stage Il
= Periodontitis stage IV

= Non-penodontitis
Mild and moderate perodonlitis
mm Advanced periodonlits

= Non-advanced-pediodantitis
m Advanced penodonllis

B85-T4 yrs

65-T4 yrs

Prevanlence { %
= " IS o

*,
5
“
N

B5-T4 yrs

Prevanlence { %)
5 + 0w ow & @

== Penodontal health
m Gingivilitis
Penodontitis stage |
= Perdoniitis stage |1
= Periodontitis stage Il
mm Pesiodonlitis stage IV

= Non-periodontitis
Mild and maderate periodonlitis
mm Advanced penodoniitis

= Non-advanced-penodoniitis
m Advanced perodonlits

203



Zhan et al

All subjocts

OR 95% CI P

Hypertansion 1811 (1871, 1.971) 0.000 Hypartension

Heart disease 1.585 (1.421,1.771) 0.000 Heart disease

Diabetes 1.663 (1.461, 1.891) 0.000 Diabetes

Stroke 2063 (1.651,2.581) 0.000 Stroke

COPD 1.530 (1.161, 2.021) 0.003 COPD

Chronic gastritis 1.168 (0.861, 1.581) 0.311 Chronic gastritis

Hyperfipidemia

1615 (1.081,2.401) 0.017 Hypertipidemia
T r
4 &

&

—
0s

o

OR 95% CI P

Hypertension 1152 (1.011,1.311) 0.035 Hypertension

Heart disease 1.052 (0.871,1.271) 0582 Heart disease

1.202 (0.991,1.461) 0.083 Diabetes

1675 (1.171,2.401) 0.005 Stroke

1.272 (0811, 2.011) 0.302 COPD

Chronic gastritis 1.005 (0.631,1.611) 0983 Chronlc gastritis

35-44 years old

il

me

H

T

@Q‘;’o‘}kmn%@

Fig 5 Forest plots of odds
ratios of systemic diseases of
subjects with advanced peri-
odontitis (stages lll and IV), by
age group, based on the uni-
variate logistic regressions.

OR  95%Cl P
- 1962 (1.421,2711) 0.000
.- 2040 (1.201,3.221) 0.002

e 3231 (2001,5211) 0.000
Ad 1.985 (0.671,5851) 0.218
—a—i 2359 (0.871,6.381) 0.091
o 0467 (0.111,1.841) 0.295

—®—— 3,179 (0.841, 12.031)0.088

™TT

T 1.203 (0.631,2.301) 0576
— T
0.5 1 2 4
OR of the diseases

0.5

OR of the diseases
65-74 years old
OR 95% CI (oo
i 1.050 (0.931,1.191) 0446
——— 0.955 (0.821,1.111) 0.551
-t 0957 (0.801,1.151) 0.643
——— 1.188 (0.881,1.601) 0.260
e 0.892 (0.611,1.301) 0.553
———8—— (0998 (0.541,1.561) 0.994
0087 (0.671,1.701) 0.8961
—
1 2
OR of the diseases

the gap between the subjects with advanced periodon-
titis and the others narrowed compared to in the 35- to
44-year-old group. In the 65- to 74-year-old group, the
prevalence of systemic diseases was similar in subjects
with advanced periodontitis and other subjects.

Systemic diseases and advanced periodontitis

In general, univariate analysis based on logistic regres-
sions, illustrated by the forest plots, showed that
advanced periodontitis (versus non-advanced peri-
odontitis) increased the risk of systemic diseases ex-
cept for chronic gastritis (Fig 5). The odds ratios (ORs)
for hypertension, heart disease, diabetes, stroke, COPD
and hyperlipidaemia ranged from 1.530 to 2.063 and the
associations between the diseases and advanced peri-
odontitis were statistically significant. However, the
trend of associations between systemic diseases and
advanced periodontitis differed among the age groups.
Generally, both the number of systemic diseases and
the strength of the associations decreased with age. For
example, three systemic diseases ( hypertension, heart
disease and diabetes) and two diseases (hypertension
and stroke) were significantly associated with advanced
periodontitis in the 35 to 44-year-old group and the 55 to
64-year-old group, respectively. However, no systemic
disease was significantly associated with advanced peri-
odontitis in the 65 to 74-year-old group and the ORs,
from 0.892 to 1.188, also decreased.
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Similar trends whereby the associations between
systemic diseases and advanced periodontitis and the
number of associated diseases and their strength of the
associations decreased with age still exist in multivari-
ate analysis (Fig 6). The association between advanced
periodontitis and diabetes was strengthened after con-
founders (sex, smoking status, region, education and
income) were adjusted in the 55 to 64-year-old group,
which was insignificant by univariate analysis.

Discussion

In this study, the epidemiological data used were from a
large-scale national survey of a representative Chinese
population. The association of periodontitis with sys-
temic diseases was assessed by age group and disease-
stratified analyses. The present epidemiological data
indicate the age of distribution of periodontitis with
systemic diseases. The result demonstrated that severe
periodontitis increased the risk of hypertension, heart
disease, diabetes, and stroke in Chinese adults based
on the data of the Fourth National Oral Health Survey
of China.

Interestingly, the risk of developing hypertension,
heart disease, diabetes, stroke and hyperlipidaemia
increased with the severity of periodontitis. In addition,
the increased risk of developing hypertension, heart
disease and diabetes was significant in the younger age
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group (35 to 45-year-old group). The characteristics of
chronic periodontitis and chronic systemic diseases
mean that a certain period of time is required for the
risk factors, such as smoking, to contribute to their de-
velopment. The exposure time to risk factors in young-
er individuals is considerably shorter than that in the
older groups. This may be because as people age, the
influence of other complex factors on systemic diseases
gradually increases, masking the association between
periodontitis and systemic diseases. As such, the longer
exposure time to the common risk factors for periodon-
titis and systemic diseases in older subjects means that
the contribution of periodontitis to the development of
systemic diseases could be masked by the influence of
these common risk factors. Thus, severe periodontitis
in younger subjects may have played a more significant
role in developing systemic diseases than in older sub-
jects. The higher susceptibility of severe periodontitis
to developing hypertension, heart disease and diabetes
in younger subjects could be attributed to periodontal
inflammation.

Smoking, sex, region, years of education and annual
family income are well-known confounders of the rela-
tionship between periodontitis and systemic diseases.16
Since periodontitis and systemic diseases were affected
by multiple factors, when the confounding effects of
the risk factors were removed, the link between severe
periodontitis and hypertension, heart disease, diabe-
tes, stroke and hyperlipidaemia was observed. The
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increased risk of developing hypertension, heart dis-
ease and diabetes in patients with severe periodontitis
was also significant in younger subjects. Besides cellu-
lar and molecular specificity in the acute and chronic
setting that can uniquely contribute to the observed
association, it is also possible that local bacterial in the
course of active periodontitis exert additional immu-
nological and metabolic systemic effects, similar to
what has been described for gut dysbiosis and several
systemic diseases.1’19 The present findings regarding
the association between systemic diseases and severe
periodontal inflammation are in line with previous
results.2021 Although the causality of the observed
association remains unclear, several hypotheses have
been proposed to explain the periodontal and systemic
interplay.?

The term periodontal medicine, as first suggested by
Offenbacher,?® is a broad term that defined a rapidly
emerging branch of periodontology focusing on the
wealth of new data establishing a strong relationship
between periodontal disease and systemic diseases.
The main mechanism in periodontal tissue and alveo-
lar bone breakdown is an aberrant immune response
to the bacterial challenge. The current knowledge sup-
ports a key pathogenic role for non-resolving chronic
inflammation triggered by the dysbiotic changes occur-
ring in the subgingival biofilm.2* The systemic trans-
location of these local immune responses to distinct
distant organs, together with the presence of common
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genetic factors favouring a hyper-inflammatory re-
sponse, may help explain the complex associations
between periodontitis and other comorbidities such as
hypertension and diabetes.?®> The population of China
showed significant genetic, environmental and cultural
differences compared to Western populations. Genetic
variations could alter susceptibility to inflammation
and disease.?>26 Environmental factors, such as diet
and pollution, may impact periodontal health and sys-
temic disease risk.28 Cultural practices, including oral
hygiene habits and health awareness, also play a role.?
The results of the present study should be considered to
better understand the interactions between periodon-
titis and systemic diseases in the Chinese population.
In summary, the current epidemiological data show
an association between periodontitis and systemic dis-
eases. The impact of severity of periodontitis, using new
classification systems, on systemic health are described
and discussed. The primary limitation of this study was
that the cross-sectional design inherently limited the
authors with regard to establishing whether a causal
relationship exists. Future studies should be conducted
to yield better understanding of the mechanisms and
interactions between periodontitis and systemic dis-
eases, which will further strengthen the involvement
between dental and medical community. Second, the
limitation of this study related to using self-reported
diagnoses of systemic diseases rather than clinical
measurements or medical records. Although recall and
reporting bias could not be excluded, the self-reported
diagnosis was based on a face-to-face interview and
diagnosis from a hospital to ensure validity and accur-
acy of the information. Further investigations with an
improved study design are needed to resolve the limita-
tions of this study such as reporting bias and recall bias,
and unmeasured confounders should be addressed.

Conclusion

Severe periodontitis increases the risk of hypertension,
heart disease, diabetes and stroke in Chinese adults. The
risk was highlighted in the younger age group. Preven-
tion and treatment of periodontitis in oral health pro-
motion programmes should be emphasised in order to
enhance systemic health, particularly in the younger
adult population.
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