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of global morbidity and mortality.1 9–17 Therefore, a high 
prevalence of periodontal disease could translate to a 
substantial burden of morbidity and associated mortality. 
Epidemiological data have demonstrated associations 
between periodontitis and all- cause mortality in Western 
European males (adjusted HR (aHR) 1.57; 95% CI 1.04 
to 2.36).18 Although, this relationship could be explained 
through activation of a proinflammatory state, there is a 
lack of robust epidemiological evidence as many of these 
chronic diseases share similar pathogenic pathways, often 
mediated by lifestyle factors including smoking and socio-
economic status.2 19–22

The association between periodontal disease and CVD 
is one of the more commonly researched. In 2012, the 
American Heart Association highlighted that, despite the 
literature supporting an association between periodon-
titis and atherosclerotic disease independent of known 
confounders, due to methodological limitations of avail-
able observational studies they were not able to confirm 
a causal relationship.23 Existing studies are limited by 
an inability to distinguish reverse causality or account 
for recall bias (case- control or cross- sectional designs), 
absence of adequate confounder control, lack of gener-
alisability to other populations and heterogeneity in 
definitions of exposure and outcomes.23–25 A 2019 joint 
workshop held between the European Federation of Peri-
odontology (EFP) and World Heart Federation confirmed 
robust evidence for positive associations between peri-
odontitis and CVD/cerebrovascular disease including an 
increased risk of first cardiac or cerebrovascular event in 
patients with severe periodontitis.26

A recent review from the US Center for Disease 
Control and Prevention assessed the relationships 
between periodontal disease and other chronic diseases 
suggested that after CVD, the next most frequent 
association with periodontal disease was with levels of 
type 2 diabetes mellitus (T2DM) control. Emerging 
randomised trials suggest that treatment of periodontal 
disease reduces haemoglobin A1c (HbA1c) levels in 
patients with diabetes.27–2928 However, there is limited 
evidence exploring the risk of T2DM subsequent to peri-
odontal disease and further investigation is needed.30 
Existing evidence suggests an association with AID such 
as rheumatoid arthritis (RA) and Sjogren’s syndrome 
(SS), however, this is yet to be validated in longitudinal 
cohort datasets accounting for important covariates.31–33 
Few studies have explored the association between peri-
odontal disease and subsequent MIH though a bidirec-
tional mechanism relating to inflammation, psychosocial 
effects and the impact of psychopharmacological thera-
pies has been proposed.34 35

It is important to strengthen understanding of the link 
between oral health and chronic diseases as cost- effective 
dental interventions are available that could be preven-
tive, reducing the subsequent public health burden of 
disease.2 Therefore, we have conducted the first retro-
spective cohort study using a large medical dataset to 
explore the association between poor oral health and a 

range of chronic diseases including CVD, CMD, MIH and 
AID.

METHODS
Study design and data source
This study is a population based, retrospective open 
cohort study using IQVIA Medical Research Data (IMRD- 
UK), previously known as The Health Improvement 
Network (THIN) database. The study period was set 
between 1 January 1995 and 1 January 2019. An open 
cohort study allows patients to enter and exit the study at 
different time points, with each patient only contributing 
person years of follow- up from the time of cohort entry 
(index date) to the time they leave the cohort (exit date).

During this study period, the database consisted of pseu-
doanonymised electronic medical records of more than 15 
million patients derived from 787 general practices using 
the Vision software system. The database is representative 
of the UK population in terms of demographic structure 
and prevalence of key comorbidities.36 Symptoms, exam-
inations, and diagnoses in THIN are recorded using a 
hierarchical clinical coding system called Read codes.37 
To improve data quality and reduce under- recording 
of events, general practices were included 12 months 
following instalment of electronic practice records 
or from the practice’s acceptable mortality recording 
date.38 39 The acceptable mortality reporting date for 
each practice is when the practice publishes mortality 
rates similar to the expected rate for their population 
outlined by the Office for National Statistics.38 A total of 
8 618 829 patients were eligible to contribute during the 
study period. The data extraction and cohort selection 
was facilitated using the data extraction for epidemiolog-
ical research (DExtER) tool.40 DExtER uses an extract, 
transform and load mechanism to extract study specific 
data with demonstrated reliability and validity.40

Exposure and outcome de!nition
The purpose of this study was to compare exposed 
patients (those with a general practitioner (GP) recorded 
code of a periodontal disease, defined as either gingivitis 
or periodontitis) to unexposed patients (those without 
such codes) and then calculate their risk of developing 
chronic diseases defined through Read codes. The 
chronic disease outcomes were categorised as: CVD (CVD 
composite measure; heart failure (HF), ischaemic heart 
disease (HF), stroke/transient- ischaemic attack, periph-
eral vascular disease), and vascular dementia), CMD 
(CMD composite measure; T2DM, and hypertension), 
AID (AID composite measure; T1DM, RA, systemic lupus 
erythematous, SS, vitiligo, psoriasis, pernicious anaemia, 
inflammatory bowel disease, coeliac disease, autoimmune 
thyroiditis, and scleroderma) and MIH (MIH composite; 
depression, anxiety and serious mental illness). In addi-
tion, this study examined the OR of having any chronic 
disease at the point of cohort entry (baseline) between 
the exposed and unexposed groups.
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Codes relating to exposure and outcomes were selected 
with the assistance of GPs, public health doctors and a 
periodontal specialist. Although, the IMRD- UK (previ-
ously named the THIN database) has been previously 
used to examine oral disorders such as temporomandib-
ular joint disorders,41 42 exposure code lists relating to 
gingivitis and periodontitis have never been previously 
validated. Outcome code lists included in this study have 
been used extensively in previously published work using 
the same database and many of the conditions included 
feature in the Quality Outcomes Framework.43–52 Read 
code lists relating to exposure terms and outcomes are 
provided in online supplemental eTable 1.

Selection of unexposed group
Each exposed patient was matched with up to four 
unexposed control patients from the remaining sample 
of patients in the dataset, who had no previously docu-
mented code relating to exposure. Controls were taken 
from a pool from eligible patients registered at a general 
practice within the same country of the UK and were 
matched by age at index date (±1 year), sex, Townsend 
Deprivation Index53 and registration date (±12 months). 
The Townsend score is a measure of material depri-
vation within a locality, incorporating information on 
unemployment, household overcrowding and car/home 
ownership;53 a higher score indicates a greater level of 
socioeconomic deprivation.

Follow-up period
The index date for those in the exposed group was the 
date of the first Read code relating to exposure or when 
they became eligible to enter the study for those with a 
previous history of exposure (prevalent cases). Patients 
aged 18 years or older were eligible for entry into the 
cohort, therefore those who had the exposure of interest 
at an earlier age would enter the study as a prevalent case. 
To mitigate immortality time bias,54 the same index date 
was assigned to the corresponding unexposed patient. 
Immortality time bias refers to a period of follow- up 
where death or the study outcome cannot occur. The 
follow- up period for each patient was from the index date 
until the exit date. Exit date was defined as the earliest 
of the following end dates: study end date, last date of 
data collection from a given general practice, date patient 
transferred from general practice, date of death or date 
the outcome of interest occurred.

Statistical analysis
Categorical baseline data were described using propor-
tions and continuous data described using means with 
SD. Missing data are highlighted in relevant baseline char-
acteristic tables. Missing covariate data were treated as a 
separate missing category and included in the final anal-
ysis. Covariates considered in our modelling were selected 
due to their independent relationship with the outcome 
of interest or to remove any residual confounding. These 
included: age, sex, body mass index (BMI), Townsend 

Deprivation Index (measured in quintiles), smoking 
status and ethnicity.

To describe the prevalence of chronic disease at base-
line, we used logistic regression to estimate unadjusted 
OR and adjusted OR (aOR), following adjustment for key 
covariates (age categories, sex, BMI categories, Townsend 
deprivation index, smoking status categories and ethnicity 
categories). To calculate an incidence rate ((IR) per 
1000 person- years) for each of the outcomes of interest, 
patients with pre- existing chronic disease were excluded 
to ensure the IR reflected outcomes which occurred 
following cohort entry. Cox regression accounting for 
person years of follow- up was then used to calculate a 
HR for each outcome of interest during the study period. 
Following adjustment for the covariates, we calculated 
and presented an aHR. ORs and HRs are presented with 
95% CIs with statistical significance set at p<0.05.

An initial sensitivity analysis was conducted, isolating 
incident only cases (where the exposure occurred during 
the study period) compared with their respective controls. 
The purpose of this analysis was to exclude patients who 
may have had the exposure recorded prior to their study 
eligibility or study start date, leading to an unaccounted 
period where time dependent confounding factors may 
not have been sufficiently recorded in the patient’s 
medical records. Throughout this paper we use the 
term periodontal disease to reflect the continuum from 
gingivitis to periodontitis though we conducted a second 
sensitivity analysis to examine if the outcomes differed 
when only examining cases with recorded periodontitis 
and their respective controls (exclusion of patients with 
a record of gingivitis and their respective controls). Stata 
V.15.1 SE software (StataCorp) was used to conduct all 
analyses.

Patient and public involvement
No patients were actively involved in setting the research 
question, outcome measures nor involved in the design of 
the study. Patients were not involved in interpretation or 
write up of the results, nor are there plans for the results 
to be disseminated to the patient community affected by 
this research.

RESULTS
Study characteristics
Of the eligible patients during the study period, we iden-
tified 64 379 patients with a recorded history of a peri-
odontal disease, of whom 60 995 had gingivitis and 3384 
had periodontitis, who were matched to 251 161 unex-
posed patients. The median follow- up was similar in 
the two groups (exposed: 3.3 years, and unexposed: 3.5 
years). The mean age at cohort entry was 44 years and 
43% of the cohort were male. Due to matching, smoking 
status (30% current smokers) and deprivation levels 
were similar between the groups. Additionally, BMI and 
ethnicity (despite 56% missing data) profiles were similar 
between the groups. Further details can be seen in table 1.
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Chronic disease at cohort entry
At cohort entry there were 6355 patients (9.9%) in the 
exposed group who had a diagnosis of CVD compared 
with 18 594 (7.4%) in the unexposed group. Following 
adjustment for covariates this translated to an aOR of 
1.43 (95% CI 1.38 to 1.48). When examining CMD, 12 
321 patients (19.1%) in the exposed group had a diag-
nosis of CMD at cohort entry compared with 42 828 
(17.1%) in the unexposed group. This translated into 

an aOR of 1.16 (95% CI 1.13 to 1.19), and the asso-
ciation with the presence of T2DM (aOR 1.23; 95% 
CI 1.18 to 1.28) was notable. With AID, 5265 patients 
(8.2%) in the exposed group had a diagnosis of AID 
at cohort entry compared with 15 690 (6.3%) in the 
unexposed group equating to an aOR of 1.33 (95% CI 
1.28 to 1.37). Lastly, MIH was seen to have the greatest 
OR (aOR 1.79; 95% CI 1.75 to 1.83) with periodontal 
disease at cohort entry with 19 142 patients (29.7%) 
in the exposed group who had a diagnosis of AID at 
cohort entry compared with 48 998 (19.5%) in the 
unexposed group. Further results can be seen in 
table 2 and figure 1.

The risk of developing subsequent chronic disease
During the study period, there were 3104 (5.4%) new 
diagnoses of CVD in the exposed cohort equating to 
an IR of 8.2 per 1000 person- years compared with 7.3 
per 1000 person- years (10 439 (4.5%) new recorded 
diagnoses) in the unexposed cohort. This translated 
to an aHR of 1.18 (95% CI 1.13 to 1.23). When exam-
ining CMD, there were 5005 (9.6%) new diagnoses of 
CMD in the exposed cohort equating to an IR of 15.5 
per 1000 person- years compared with 14.6 per 1000 
person- years (17 822 (8.6%) new recorded diagnoses) 
in the unexposed cohort. Ultimately this translated 
into an aHR of 1.07 (95% CI 1.03 to 1.10) where the 
risk was highest for the development of T2DM (aHR 
1.26; 95% CI 1.21 to 1.32). When examining AID, 
there were 1945 (3.3%) new diagnoses of AID in the 
exposed cohort equating to an IR of 5.8 per 1000 
person- years compared with 4.3 per 1000 person- years 
(5674 (2.4%) new recorded diagnoses) in the unex-
posed cohort. This translated into an aHR of 1.33 
(95% CI 1.26 to 1.40). Finally, with MIH, there were 
5296 (11.7%) new diagnoses of MIH in the exposed 
cohort relating to an IR of 19.2 per 1000 person- years 
compared with 14.2 per 1000 person- years (16 758 
(8.3%) new recorded diagnoses) in the unexposed 
cohort. This translated into an aHR of 1.37 (95% CI 
1.33 to 1.42). Further details can be seen in table 3 
and figure 2.

Sensitivity analysis: incident only cohort
Of the total exposed cohort, 31 968 (49.7% of total 
exposed cohort) patients had an exposure code 
entered during the study period (incident cohort) 
and were matched to 126 278 (50.3% of total unex-
posed cohort) unexposed cohort (baseline charac-
teristics are described in online supplemental eTable 
2. The median follow- up in this cohort was 3.4 years. 
The average age was 49 years, 43% of cohort were 
male and the proportion of obese patients, current 
smokers and deprivation quintiles were similar with 
the primary analysis.

In the incident only sensitivity analysis, the OR of 
having chronic disease were similar to the primary 
cohort. There was an increased aOR of having CVD 

Table 1 Baseline characteristics of the study population

Primary cohort

Exposed n (%) Unexposed n (%)

All (n=64 379) (n=2 51 161)

Sex (male) 27 699 (43.02) 107 977 (42.99)

Age at index date 45.66 (19.12) 45.40 (18.97)

Age categories

  18–24 years 10 680 (16.59) 42 204 (16.80)

  25–34 years 11 266 (17.50) 44 556 (17.74)

  35–44 years 10 895 (16.92) 42 641 (16.98)

  45–54 years 10 186 (15.82) 39 795 (15.84)

  55–64 years 8917 (13.85) 34 621 (13.78)

  65–74 years 6900 (10.72) 26 649 (10.61)

  75 and overs 5535 (8.60) 20 695 (8.24)

BMI 26.29 (5.64) 26.27 (5.51)

BMI categories

  Under/normal weight 
(18.5–25)

23 743 (36.88) 91 020 (36.24)

  Overweight (25–30) 16 044 (24.92) 63 782 (25.39)

  Obese (>30) 10 857 (16.86) 40 589 (16.16)

  Missing 13 735 (21.33) 55 770 (22.20)

Townsend quintiles

  1 (least deprived) 11 548 (17.94) 42 631 (16.97)

  2 10 868 (16.88) 38 909 (15.49)

  3 12 216 (18.98) 43 494 (17.32)

  4 12 005 (18.65) 41 440 (16.50)

  5 (most deprived) 9610 (14.93) 30 831 (12.28)

  Missing 8132 (12.63) 53 856 (21.44)

Smoking categories

  Non- smoker 29 100 (45.20) 114 513 (45.59)

  Smoker 19 279 (29.95) 75 155 (29.92)

  Ex- smoker 11 107 (17.25) 42 647 (16.98)

  Missing 4893 (7.60) 18 846 (7.50)

Ethnicity

  Caucasian 24 327 (37.79) 96 169 (38.29)

  Mixed race 477 (0.74) 1860 (0.74)

  Other 215 (0.33) 925 (0.37)

  Black 937 (1.46) 2951 (1.17)

  South Asian 2512 (3.90) 4340 (1.73)

  Missing 35 911 (55.78) 144 916 (57.70)

BMI, body mass index.
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(1.42; 95% CI 1.36 to 1.49), CMD (1.14; 95% CI 1.10 
to 1.19), AID (1.26; 95% CI 1.21 to 1.32) and MIH 
(1.71; 95% CI 1.66 to 1.76). Further details in online 
supplemental eTable 3. When examining subsequent 
disease outcomes, there also remained an increased 
risk (described as an aHR) of developing CVD (1.17; 
95% CI 1.10 to 1.24), CMD (1.07; 95% CI 1.02 to 
1.12), AID (1.48; 95% CI 1.37 to 1.59) and MIH (1.47; 
95% CI 1.40 to 1.53). Further details in online supple-
mental eTable 4.

Sensitivity analysis: periodontitis only cohort
When restricting the analysis to only those with peri-
odontitis, the exposed cohort of 3384 patients (5.3% 
of the total exposed group) were matched to 12 893 
patients (5.1% of the unexposed group). The median 
follow- up in this cohort was 3.6 years. The average 
age was 48 years, 46% of cohort were male and the 
proportion of other baseline characteristics were 
also similar to the primary analysis. Further details in 
online supplemental eTable 5.

In this analysis, the OR of having chronic disease 
were similar to the primary cohort. There was an 
increased aOR of having CVD (1.50; 95% CI 1.30 to 
1.74), CMD (1.19; 95% CI 1.06 to 1.34), AID (1.32; 
95% CI 1.15 to 1.52) and MIH (1.63; 95% CI 1.49 to 
1.78). Further details can be seen in online supple-
mental eTable 6. When examining subsequent disease 
outcomes, an increased risk (aHR) remained for 
developing CVD (1.31; 95% CI 1.12 to 1.52) and MIH 
(1.33; 95% CI 1.16 to 1.52) but not for CMD (0.96; 
95% CI 0.85 to 1.10) and AID (1.21; 95% CI 0.96 to  
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Figure 1 Odds of having chronic diseases at study entry in 
patients exposed and unexposed to periodontal diseases. 
aOR, adjusted odds ratio; TIA, transient ischemic attack.

 on O
ctober 10, 2023 by guest. Protected by copyright.

http://bm
jopen.bm

j.com
/

BM
J O

pen: first published as 10.1136/bm
jopen-2020-048296 on 19 D

ecem
ber 2021. D

ow
nloaded from

 

https://dx.doi.org/10.1136/bmjopen-2020-048296
https://dx.doi.org/10.1136/bmjopen-2020-048296
https://dx.doi.org/10.1136/bmjopen-2020-048296
https://dx.doi.org/10.1136/bmjopen-2020-048296
https://dx.doi.org/10.1136/bmjopen-2020-048296
https://dx.doi.org/10.1136/bmjopen-2020-048296
https://dx.doi.org/10.1136/bmjopen-2020-048296
http://bmjopen.bmj.com/


7Zemedikun DT, et al. BMJ Open 2021;11:e048296. doi:10.1136/bmjopen-2020-048296

Open access

Ta
bl

e 
3 

R
is

k 
of

 s
ub

se
qu

en
t d

ev
el

op
m

en
t o

f c
hr

on
ic

 d
is

ea
se

s 
in

 p
at

ie
nt

s 
ex

po
se

d 
an

d 
un

ex
po

se
d 

to
 p

er
io

do
nt

al
 d

is
ea

se
s

A
ll 

ca
rd

io
va

sc
ul

ar
 d

is
ea

se
H

ea
rt

 fa
ilu

re
Is

ch
ae

m
ic

 h
ea

rt
 d

is
ea

se
S

tr
ok

e/
tr

an
si

en
t-

 is
ch

ae
m

ic
 a

tt
ac

k
P

er
ip

he
ra

l v
as

cu
la

r 
di

se
as

e

E
xp

os
ed

U
ne

xp
os

ed
E

xp
os

ed
U

ne
xp

os
ed

E
xp

os
ed

U
ne

xp
os

ed
E

xp
os

ed
U

ne
xp

os
ed

E
xp

os
ed

U
ne

xp
os

ed

N
o 

of
 p

at
ie

nt
s

58
 0

24
23

2 
56

7
63

 4
02

24
8 

55
3

60
 4

16
23

9 
40

2
62

 2
18

24
5 

00
7

63
 5

19
24

8 
81

6

N
o 

of
 o

ut
co

m
es

, n
 (%

)
31

04
 (5

.3
5)

10
 4

39
 (4

.4
9)

90
6 

(1
.4

3)
29

13
 (1

.1
7)

15
35

 (2
.5

4)
48

21
 (2

.0
1)

15
24

 (2
.4

5)
49

56
 (2

.0
2)

61
5 

(0
.9

7)
17

16
 (0

.6
9)

P
er

so
n-

 ye
ar

s
37

9 
98

2
1 

43
3 

61
1

42
3 

17
6

1 
56

0 
44

8
39

8 
43

1
1 

48
9 

66
3

41
3 

65
9

1 
53

1 
08

8
42

2 
59

3
1 

56
0 

78
1

IR
 (p

er
 1

00
0 

pe
rs

on
- 

ye
ar

s)
8.

17
7.

28
2.

14
1.

87
3.

85
3.

24
3.

68
3.

24
1.

46
1.

1

 
 Fo

llo
w

- u
p,

 m
ed

ia
n 

(IQ
R

)
5.

49
(2

.3
6 

to
 9

.8
5)

5.
00

(2
.0

7 
to

 9
.3

3)
5.

62
(2

.4
5 

to
 1

0.
10

)
5.

15
(2

.1
4 

to
 9

.5
1)

5.
52

(2
.3

9 
to

 9
.9

5)
5.

08
(2

.1
1 

to
 9

.4
2)

5.
59

(2
.4

4 
to

 1
0.

04
)

5.
11

(2
.1

2 
to

 9
.4

6)
5.

59
(2

.4
3 

to
 1

0.
05

)
5.

14
(2

.1
4 

to
 9

.5
0)

H
R

 (9
5%

 C
I)*

1.
12

(1
.0

7 
to

 1
.1

6)
1.

14
(1

.0
6 

to
 1

.2
3)

1.
19

(1
.1

2 
to

 1
.2

6)
1.

13
(1

.0
7 

to
 1

.2
0)

1.
32

(1
.2

0 
to

 1
.4

5)

P
 v

al
ue

<0
.0

1
<0

.0
1

<0
.0

1
<0

.0
1

<0
.0

1

aH
R

 (9
5%

 C
I)†

1.
18

(1
.1

3 
to

 1
.2

3)
1.

15
(1

.0
7 

to
 1

.2
4)

1.
22

(1
.1

6 
to

 1
.3

0)
1.

16
(1

.1
0 

to
 1

.2
3)

1.
32

(1
.2

0 
to

 1
.4

5)

P
 v

al
ue

<0
.0

1
<0

.0
1

<0
.0

1
<0

.0
1

<0
.0

1

 
 

Va
sc

ul
ar

 d
em

en
tia

A
ll 

ca
rd

io
m

et
ab

ol
ic

 d
is

ea
se

Ty
pe

 2
 d

ia
be

te
s 

m
el

lit
us

H
yp

er
te

ns
io

n
A

ll 
au

to
im

m
un

e 
co

nd
iti

on
s

E
xp

os
ed

U
ne

xp
os

ed
E

xp
os

ed
U

ne
xp

os
ed

E
xp

os
ed

U
ne

xp
os

ed
E

xp
os

ed
U

ne
xp

os
ed

E
xp

os
ed

U
ne

xp
os

ed

N
o 

of
 p

at
ie

nt
s

64
 2

33
25

0 
79

8
52

 0
58

20
8 

33
3

60
 9

47
24

0 
81

9
53

 5
38

21
2 

51
2

59
 1

14
23

5 
47

1

N
o 

of
 o

ut
co

m
es

, n
 (%

)
26

2 
(0

.4
1)

84
9 

(0
.3

4)
50

05
 (9

.6
1)

17
 8

22
 (8

.5
5)

26
54

 (4
.3

5)
77

62
 (3

.2
2)

41
46

 (7
.7

4)
15

 3
40

 (7
.2

2)
19

45
 (3

.2
9)

56
74

 (2
.4

1)

P
er

so
n-

 ye
ar

s
42

9 
72

6
1 

57
8 

41
8

32
3 

47
2

1 
21

8 
32

5
39

7 
55

7
1 

48
6 

32
6

33
5 

76
1

1 
25

2 
77

0
33

4 
52

5
1 

32
5 

64
5

IR
 (p

er
 1

00
0 

pe
rs

on
- 

ye
ar

s)
0.

61
0.

54
15

.4
7

14
.6

3
6.

68
5.

22
12

.3
5

12
.2

4
5.

81
4.

28

 
 Fo

llo
w

- u
p,

 m
ed

ia
n 

(IQ
R

)
5.

63
(2

.4
6 

to
 1

0.
12

)
5.

17
(2

.1
5 

to
 9

.5
1)

5.
10

(2
.1

6 
to

 9
.3

8)
4.

61
(1

.9
0 

to
 8

.8
2)

5.
44

(2
.3

4 
to

 9
.8

3)
5.

01
(2

.0
8 

to
 9

.3
4)

5.
16

(2
.1

9 
to

 9
.4

8)
4.

67
(1

.9
2 

to
 8

.8
9)

4.
34

(1
.7

3 
to

 8
.6

0)
4.

34
(1

.7
3 

to
 8

.5
4)

H
R

 (9
5%

 C
I)*

1.
12

(0
.9

7 
to

 1
.2

9)
1.

05
(1

.0
2 

to
 1

.0
9)

1.
27

(1
.2

2 
to

 1
.3

3)
1.

01
(0

.9
7 

to
 1

.0
4)

1.
34

(1
.2

8 
to

 1
.4

1)

P
 v

al
ue

0.
11

<0
.0

1
<0

.0
1

0.
73

<0
.0

1

aH
R

 (9
5%

 C
I)†

1.
12

(0
.9

7 
to

 1
.2

9)
1.

07
(1

.0
3 

to
 1

.1
0)

1.
26

(1
.2

1 
to

 1
.3

2)
1.

02
(0

.9
8 

to
 1

.0
5)

1.
33

(1
.2

6 
to

 1
.4

0)

P
 v

al
ue

0.
12

<0
.0

1
<0

.0
1

0.
33

<0
.0

1

 
 

Ty
pe

 o
ne

 d
ia

be
te

s 
m

el
lit

us
R

he
um

at
oi

d 
ar

th
ri

tis
S

ys
te

m
ic

 lu
pu

s 
er

yt
he

m
at

os
us

S
jo

gr
en

V
iti

lig
o

E
xp

os
ed

U
ne

xp
os

ed
E

xp
os

ed
U

ne
xp

os
ed

E
xp

os
ed

U
ne

xp
os

ed
E

xp
os

ed
U

ne
xp

os
ed

E
xp

os
ed

U
ne

xp
os

ed

N
o 

of
 p

at
ie

nt
s

63
 7

88
24

9 
68

8
63

 7
23

24
9 

37
5

64
 2

15
25

0 
81

5
64

 2
76

25
0 

97
2

64
 1

40
25

0 
53

2

N
o 

of
 o

ut
co

m
es

, n
(%

)
14

4 
(0

.2
3)

28
3 

(0
.1

1)
29

8 
(0

.4
7)

81
9 

(0
.3

3)
75

 (0
.1

2)
14

3 
(0

.0
6)

77
 (0

.1
2)

10
9 

(0
.0

4)
11

5 
(0

.1
8)

29
3 

(0
.1

2)

P
er

so
n-

 ye
ar

s
42

5 
87

7
1 

57
0 

75
2

42
5 

06
6

1 
56

5 
99

7
42

9 
12

1
1 

57
8 

24
7

42
9 

55
5

1 
57

9 
23

8
42

8 
40

0
1 

57
5 

66
3

IR
 (p

er
 1

00
0 

pe
rs

on
- 

ye
ar

s)
0.

34
0.

18
0.

7
0.

52
0.

17
0.

09
0.

18
0.

07
0.

27
0.

19

 
 Fo

llo
w

- u
p,

 m
ed

ia
n 

(IQ
R

)
5.

62
(2

.4
5 

to
 1

0.
10

)
5.

16
(2

.1
5 

to
 9

.5
1)

5.
61

(2
.4

5 
to

 1
0.

08
)

5.
15

(2
.1

4 
to

 9
.5

1)
5.

62
(2

.4
5 

to
 1

0.
11

)
5.

17
(2

.1
5 

to
 9

.5
1)

5.
63

(2
.4

6 
to

 1
0.

10
)

5.
17

(2
.1

5 
to

 9
.5

1)
5.

62
(2

.4
5 

to
 1

0.
10

)
5.

16
(2

.1
5 

to
 9

.5
1)

H
R

 (9
5%

 C
I)*

1.
89

(1
.5

5 
to

 2
.3

2)
1.

33
(1

.1
7 

to
 1

.5
2)

1.
93

(1
.4

6 
to

 2
.5

6)
2.

58
(1

.9
2 

to
 3

.4
5)

1.
45

(1
.1

7 
to

 1
.8

0)

C
on

tin
ue

d

 on O
ctober 10, 2023 by guest. Protected by copyright.

http://bm
jopen.bm

j.com
/

BM
J O

pen: first published as 10.1136/bm
jopen-2020-048296 on 19 D

ecem
ber 2021. D

ow
nloaded from

 

http://bmjopen.bmj.com/


8 Zemedikun DT, et al. BMJ Open 2021;11:e048296. doi:10.1136/bmjopen-2020-048296

Open access 

 
 

Ty
pe

 o
ne

 d
ia

be
te

s 
m

el
lit

us
R

he
um

at
oi

d 
ar

th
ri

tis
S

ys
te

m
ic

 lu
pu

s 
er

yt
he

m
at

os
us

S
jo

gr
en

V
iti

lig
o

E
xp

os
ed

U
ne

xp
os

ed
E

xp
os

ed
U

ne
xp

os
ed

E
xp

os
ed

U
ne

xp
os

ed
E

xp
os

ed
U

ne
xp

os
ed

E
xp

os
ed

U
ne

xp
os

ed

P
 v

al
ue

<0
.0

1
<0

.0
1

<0
.0

1
<0

.0
1

<0
.0

1

aH
R

 (9
5%

 C
I)†

1.
80

(1
.4

7 
to

 2
.2

0)
1.

33
(1

.1
6 

to
 1

.5
2)

1.
93

(1
.4

6 
to

 2
.5

6)
2.

51
(1

.8
7 

to
 3

.3
8)

1.
37

 (1
.1

0 
to

 1
.7

1)

P
 v

al
ue

<0
.0

1
<0

.0
1

<0
.0

1
<0

.0
1

<0
.0

1

 
 

P
so

ri
as

is
P

er
ni

ci
ou

s 
an

ae
m

ia
In

fla
m

m
at

or
y 

bo
w

el
 d

is
ea

se
C

oe
lia

c
A

ut
oi

m
m

un
e 

th
yr

oi
di

tis

E
xp

os
ed

U
ne

xp
os

ed
E

xp
os

ed
U

ne
xp

os
ed

E
xp

os
ed

U
ne

xp
os

ed
E

xp
os

ed
U

ne
xp

os
ed

E
xp

os
ed

U
ne

xp
os

ed

N
o 

of
 p

at
ie

nt
s

61
 7

64
24

3 
05

6
64

 1
48

25
0 

42
3

63
 8

19
24

9 
39

4
64

 1
73

25
0 

58
5

64
 1

70
25

0 
44

0

N
o 

of
 o

ut
co

m
es

, n
(%

)
89

2 
(1

.4
4)

27
99

 (1
.1

5)
15

6 
(0

.2
4)

46
3 

(0
.1

8)
22

8 
(0

.3
6)

66
7 

(0
.2

7)
12

1 
(0

.1
9)

33
4 

(0
.1

3)
99

 (0
.1

5)
29

8 
(0

.1
2)

P
er

so
n-

 ye
ar

s
40

8 
64

3
1 

51
4 

34
7

42
8 

40
4

1 
57

4 
72

1
42

5 
81

4
1 

56
6 

81
3

42
8 

54
7

1 
57

5 
92

6
42

8 
44

3
1 

57
4 

81
3

IR
 (p

er
 1

00
0 

pe
rs

on
- 

ye
ar

s)
2.

18
1.

85
0.

36
0.

29
0.

54
0.

43
0.

28
0.

21
0.

23
0.

19

 
 Fo

llo
w

- u
p,

 m
ed

ia
n 

(IQ
R

)
5.

55
(2

.4
2 

to
 9

.9
8)

5.
09

(2
.1

1 
to

 9
.4

4)
5.

62
(2

.4
6 

to
 1

0.
10

)
5.

16
(2

.1
5 

to
 9

.5
1)

5.
61

(2
.4

5 
to

 1
0.

09
)

5.
15

(2
.1

4 
to

 9
.5

1)
5.

62
(2

.4
5 

to
 1

0.
10

)
5.

16
(2

.1
5 

to
 9

.5
1)

5.
62

(2
.4

5 
to

 1
0.

09
)

5.
16

(2
.1

5 
to

 9
.5

1)

H
R

 (9
5%

 C
I)*

1.
18

(1
.1

0 
to

 1
.2

7)
1.

24
(1

.0
3 

to
 1

.4
8)

1.
26

(1
.0

8 
to

 1
.4

6)
1.

33
(1

.0
8 

to
 1

.6
4)

1.
22

(0
.9

7 
to

 1
.5

3)

P
 v

al
ue

<0
.0

1
0.

02
<0

.0
1

<0
.0

1
0.

08

aH
R

 (9
5%

 C
I)†

1.
17

(1
.0

9 
to

 1
.2

7)
1.

23
(1

.0
2 

to
 1

.4
7)

1.
25

(1
.0

8 
to

 1
.4

6)
1.

33
(1

.0
8 

to
 1

.6
4)

1.
19

 (0
.9

5 
to

 1
.5

0)

P
 v

al
ue

<0
.0

1
0.

03
<0

.0
1

<0
.0

1
0.

13

 
 

S
cl

er
od

er
m

a
A

ll 
m

en
ta

l h
ea

lth
 c

on
di

tio
ns

D
ep

re
ss

io
n

A
nx

ie
ty

S
ev

er
e 

m
en

ta
l i

lln
es

s

E
xp

os
ed

U
ne

xp
os

ed
E

xp
os

ed
U

ne
xp

os
ed

E
xp

os
ed

U
ne

xp
os

ed
E

xp
os

ed
U

ne
xp

os
ed

E
xp

os
ed

U
ne

xp
os

ed

N
o 

of
 p

at
ie

nt
s

64
 3

37
25

1 
06

7
45

 2
37

20
2 

16
3

50
 8

83
21

6 
74

6
54

 7
56

22
9 

06
8

63
 1

37
24

8 
25

6

N
o 

of
 o

ut
co

m
es

, 
n 

(%
)

16
 (0

.0
2)

45
 (0

.0
2)

52
96

 (1
1.

71
)

16
 7

58
 (8

.2
9)

41
97

 (8
.2

5)
12

 7
06

 (5
.8

6)
33

31
 (6

.0
8)

92
30

 (4
.0

3)
40

0 
(0

.6
3)

92
5 

(0
.3

7)

P
er

so
n-

 ye
ar

s
43

0 
15

6
1 

58
0 

15
7

27
5 

37
5

1 
18

4 
29

8
31

8 
97

4
1 

29
9 

09
6

34
5 

92
7

1 
38

6 
79

1
42

1 
76

0
1 

56
1 

19
3

IR
 (p

er
 1

00
0 

pe
rs

on
- 

ye
ar

s)
0.

04
0.

03
19

.2
3

14
.1

5
13

.1
6

9.
78

9.
63

6.
66

0.
95

0.
59

 
 Fo

llo
w

- u
p,

 m
ed

ia
n 

(IQ
R

)
5.

63
(2

.4
6–

10
.1

1)
5.

17
(2

.1
5–

9.
51

)
4.

93
(2

.0
8–

9.
21

)
4.

61
(1

.8
9–

8.
87

)
5.

14
(2

.1
9–

9.
48

)
4.

77
(1

.9
6–

9.
10

)
5.

23
(2

.2
3–

9.
53

)
4.

88
(2

.0
2–

9.
17

)
5.

62
 (2

.4
6–

10
.1

0)
5.

16
 (2

.1
4–

9.
51

)

H
R

 (9
5%

 C
I)*

1.
30

(0
.7

4 
to

 2
.3

1)
1.

36
(1

.3
2 

to
 1

.4
1)

1.
35

(1
.3

1 
to

 1
.4

0)
1.

45
(1

.3
9 

to
 1

.5
1)

1.
61

 (1
.4

3 
to

 1
.8

1)

P
 v

al
ue

0.
36

<0
.0

1
<0

.0
1

<0
.0

1
<0

.0
1

aH
R

 (9
5%

 C
I)†

1.
32

(0
.7

5 
to

 2
.3

5)
1.

37
(1

.3
3 

to
 1

.4
2)

1.
36

(1
.3

1 
to

 1
.4

1)
1.

44
(1

.3
8 

to
 1

.5
0)

1.
59

 (1
.4

1 
to

 1
.7

9)

P
 v

al
ue

0.
34

<0
.0

1
<0

.0
1

<0
.0

1
<0

.0
1

*U
na

dj
us

te
d 

H
R

.
†A

H
R

: a
dj

us
te

d 
fo

r a
ge

, s
ex

, b
od

y 
m

as
s 

in
de

x,
 T

ow
ns

en
d 

de
pr

iv
at

io
n 

in
de

x,
 s

m
ok

in
g 

st
at

us
 a

nd
 e

th
ni

ci
ty

 a
t b

as
el

in
e.

aH
R

, a
dj

us
te

d 
H

R
; I

R
, i

nc
id

en
ce

 ra
te

.

Ta
bl

e 
3 

C
on

tin
ue

d

 on O
ctober 10, 2023 by guest. Protected by copyright.

http://bm
jopen.bm

j.com
/

BM
J O

pen: first published as 10.1136/bm
jopen-2020-048296 on 19 D

ecem
ber 2021. D

ow
nloaded from

 

http://bmjopen.bmj.com/


9Zemedikun DT, et al. BMJ Open 2021;11:e048296. doi:10.1136/bmjopen-2020-048296

Open access

1.51). Further details demonstrated in online supple-
mental eTable 7.

DISCUSSION
Summary of key results
To our knowledge, this is the first attempt to synthesise 
data exploring the relationship between periodontal 
diseases and the development of chronic disease in a UK 
retrospective cohort derived from medical records. Our 
study demonstrates that the presence of a GP recorded 
diagnosis of a periodontal disease is moderately associ-
ated with an 18%, 7% (Although 26% risk of T2DM), 
33% and 37% increased risk of CVD, CMD, AID and MIH, 
respectively. This risk persisted when analysing patients 
who were diagnosed with a periodontal disease during 
the study period. However, in patients specifically with 
periodontitis, this risk was not evident for CMD or AID.

Results in context of current literature
To date, research evaluating the association between 
periodontal diseases and systemic health has focused 
on periodontitis, rather than gingivitis, due to the more 
extensive inflammatory process and thus the potential for 
greater systemic effects.

This study concurs with the extensive literature high-
lighting the association of atherosclerotic diseases with 
periodontal disease. Humphrey et al, demonstrated a risk 
ratio of 1.24 (95% CI 1.01 to 1.51) of a CVD/CHD event 
in the presence of periodontitis.55 More recently a system-
atic review by Dietrich et al, demonstrated there was an 

increased risk of CVD when considering various peri-
odontal disease measures ranging from probing pocket 
depth measurements to radiographic assessments of bone 
levels.56 For those studies where severe periodontitis was 
the exposure, the associations with CVD were stronger 
than in our study. This may be due to limitations in our 
coding, whereby we were unable to classify the severity of 
periodontitis.

There are several potential mechanisms explaining the 
increase in atherosclerosis in patients with periodontitis. 
First, transient bacteraemia in patients with periodontitis 
may be pathogenic.57 Furthermore, periodontitis patients 
have elevated circulating levels of pro- inflammatory 
mediators implicated in atherosclerosis.58 There is 
robust evidence that treatment of periodontitis improves 
markers of systemic inflammation and surrogate markers 
of CVD risk such as flow- mediated dilatation.59 60

T2DM demonstrates a bidirectional relationship with 
periodontitis, that is, poorly controlled diabetes is a risk 
factor for periodontitis and periodontitis itself impacts 
the diabetes disease process. A systematic review commis-
sioned by the International Diabetes Federation and 
EFP61 concluded that individuals with periodontitis have 
a greater risk of developing T2DM with a HR 1.19–1.33 
which is in agreement with the increased aHR demon-
strated in this study. Literature also exists investigating 
the impact of periodontal therapy on diabetic outcomes. 
A recent review demonstrates reductions in HbA1c 
(−0.40% at 3 months) following periodontal therapy.62 
Evidence suggests appropriate targeted screening in 
dental settings may successfully identify cases of undi-
agnosed diabetes.63 64 Within the UK there is a drive to 
use the dental team in identifying and managing T2DM, 
evident by the recent publication of the National Health 
Service England Commissioning Standard ‘Dental Care 
for People with Diabetes.’65 This document proposes a 
formalised pathway between general medical practitioner 
and dentist on diagnosis of T2DM.

While the evidence base for T2DM is long established, 
there is limited evidence that T1DM demonstrates a 
similar relationship. Systematic reviews conducted in 
2013 and 2018 were unable to find any studies that met 
eligibility criteria investigating the association between 
periodontal health and T1DM.61 66 The reason for this 
may be that the age of periodontal disease diagnosis is 
typically much older than the age of T1DM diagnosis 
which limits the available data to answer such a question. 
Our study suggests an increased risk for incident T1DM 
in patients with a periodontal disease (aHR 1.80; 95% CI 
1.47 to 2.20) but was not clearly evident when considering 
only those patients with periodontitis (aHR 1.62; 95% CI 
0.70 to 3.76).

The mechanisms connecting mental health with peri-
odontal inflammation include both behavioural and 
immunological. Existing literature focuses on depression 
and anxiety as risk factors for periodontitis. Individuals 
under increased stress may reduce health promoting 
behaviours (eg, optimal oral hygiene practices) and 

Figure 2 Risk of subsequent development of chronic 
diseases in patients exposed and unexposed to periodontal 
diseases. aHR, adjusted hazard ratio; TIA, transient ischemic 
attack.
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research.74 An important implication of our findings is 
the need for effective communication between dental 
and other healthcare professionals to ensure patients 
obtain an effective treatment plan targeting both oral and 
extraoral health to improve current health and reduce 
the risk of future ill health.
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