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Abstract
Background:Recent evidence suggests that periodontitis (PD) causes hyperten-
sion, which is a precursor to development of other systemic diseases. The aim of
this study was to examine the effect of hypertension and PD on the risk of sub-
sequent systemic disease.
Methods: This longitudinal cohort study included 244,393 UK Biobank partic-
ipants who were free of systemic disease other than hypertension at baseline.
Self-reported responses of painful gums or loose teeth were surrogates for PD.
Hypertensives were identified by clinical diagnosis, or elevated blood pressure
(≥140/90 mmHg). Systemic diseases including cancer, cardiovascular disease
(CVD), and diabetes were identified from linked diagnostic codes. Multivariable
Cox proportional hazard models were used to quantify the risk of systemic dis-
eases and all-cause mortality, stratified by hypertensive and PD status.
Results: The average age of the study population was 55.4 years (standard devi-
ation [SD:] 8.1 years), and 130,220 (53.3%) participants were female. At base-
line, 131,566 (53.8%) participants were hypertensive and 4.5% reported PD. The
incidence rates of all systemic diseases were higher in hypertensive than non-
hypertensive participants of the same PD status. In hypertensives, an additive
effect was observed for PD on the risks of CVD (adjusted hazard ratio [HR]: 1.35,
95% confidence interval [CI]: 1.21–1.53) and respiratory disease (HR: 1.11, 95% CI:
0.95–1.30) compared to hypertensive healthy controls.
Conclusions:Hypertensives with PD have exacerbated risks of several systemic
diseases. Future interventional studies should consider the effect of periodontal
treatment on systemic outcomes in targeted hypertensive populations.
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1 INTRODUCTION

Prevalence of periodontitis (PD) is widespread; as a
chronic oral condition, it is ranked as the sixth most preva-
lent disease worldwide.1 PD is a multifactorial disease,
linked to poor oral hygiene and a number of risk fac-
tors including older age, being male, and smoking.2–4 PD
induces systemic inflammation and eventual tooth loss as
the condition develops into its most severe form.5 There
is growing evidence that PD is associated to an increased
risk of systemic diseases, including diabetes, cardiovas-
cular disease (CVD), and even adverse coronavirus dis-
ease 2019 (COVID-19) outcomes, which is likely caused by
shared inflammatory pathways.6–9 With the advancement
of precision/personalized medicine, identification of the
individual and combined factors that increase one’s sus-
ceptibility to systemic disease development is becoming
increasingly important.
Systemic disease diagnoses such as CVD, diabetes, and

depression frequently occur in the common disease trajec-
tories of PD. A recent study has shown that a hyperten-
sion diagnosis is also central to a number of the multimor-
bid trajectories10; while hypertension is also independently
associated withmultimorbidity.11 High levels of inflamma-
tory markers such as C-reactive protein (CRP) are asso-
ciated with both hypertension and PD,12 and there is evi-
dence to suggest that the link between PD and subsequent
hypertension is causal.13 As yet, the combined effect of
hypertension and PD on the subsequent systemic disease
development is unclear.
The UK Biobank is a national resource with over half

a million participants; it incorporates demographic and
lifestyle variables, baseline oral health status, and linked
health outcomes data.14 The data from the UK Biobank
cohort have enabled study of oral health on several health
outcomes including cancer, CVD, diabetes, depression,
and COVID-19.8,10,15,16 The burden of hypertension affects
up to 50% of the UK Biobank cohort17; therefore the UK
Biobank provides a demonstratable setting for an epidemi-
ological study comparing outcomes in hypertensive and
non-hypertensive populations. The aim of this studywas to
examine the effect of hypertension and PD on risk of sub-
sequent systemic diseases.

2 MATERIALS ANDMETHODS

2.1 Dataset

This prospective longitudinal study used the UK Biobank
dataset, a national resource open to researchers with an
approved protocol (ref: 54633). The core UK Biobank
dataset contains demographic, biomarker, and lifestyle
information on more than 500,000 participants aged

between 49 and 60 years old at baseline (2006–2010). Self-
reported oral health status (painful gums, loose teeth, or
none of the aforementioned) was measured at baseline via
responses to an online questionnaire and is contained in
the core UK Biobank dataset. Health outcomes data from
hospital episode statistics (HES), general practitioner (GP)
and prescription records, as well as the cancer and death
registries are linked to the core dataset via a unique partic-
ipant identifier number. The additional health outcomes
data provide information including international classi-
fication of diseases—10th edition (ICD-10) codes, Read
(version 2) codes, prescriptions, mortality, and the asso-
ciated entry dates. Updates of HES, GP, and death data
were made available for download until November 2020,
September 2019, and December 2020, respectively. All par-
ticipant information is fully anonymized by UK Biobank
before being made available to researchers in the data por-
tal. UK Biobank data collection and research were carried
out in accordance with the Declaration of Helsinki. Partic-
ipants provided informed written consent and may with-
draw at any time.14

2.2 Study population

All UK Biobank participants with oral health status avail-
able and who were free of systemic disease at baseline
other than hypertension and PD were included in the
study. Systemic diseases included cancers, CVD, depres-
sion, diabetes mellitus (diabetes), inflammatory disease,
liver disease, neurological disease, renal disease, and res-
piratory disease and were identified through self-report at
baseline, or by the presence of the ICD-10 or Read (version
2) codes in health outcomes data prior to study recruitment
(for full list see Supplementary Table S1 in the online Jour-
nal of Periodontology).18 Figure 1 demonstrates the study
inclusion flow chart.

2.3 Study outcomes and exposures

The primary outcome was incident systemic disease diag-
nosis using codes identified in linked HES or primary care
records during follow-up, and mortality status using civil
registration of deaths from Office for National Statistics.
The study exposures were PD and hypertensive status

at baseline. Participants were asked “Do you have any of
the following?”, where PDwas defined by the self-reported
painful gums, or loose teeth, and healthy controls did not
report the aforementioned oral health indicators. Painful
gums were surrogates of moderate PD while loose teeth
suggested more severe PD. Hypertension was confirmed
through ICD-10 or Read (version 2) code identification in
health records, or by abnormal blood pressure reading at
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F IGURE 1 Flow chart showing delivery
of exclusion criteria to study population.
CVD, cardiovascular disease; PD,
periodontitis

baseline (above 140/90 mm/Hg). During the baseline visit,
two blood pressure readings were measured using auto-
mated Omron device 0–255 and mean measurement cal-
culated; where an automated reading was not available, a
manual sphyogmometer was used.

2.4 Study variables

Baseline information including demographics (age, sex,
ethnicity, household income), biomarkers (body mass
index (BMI), blood pressure, CRP level), and smoking sta-
tus was collected at the baseline visit. Self-reported base-
line antihypertensive drug prescriptions were available
from interview responses in the core dataset, and prescrip-
tion codes (Dictionary of Medicines + Devices, Read (ver-
sion 2) and British National Formulary) were extracted
from primary care data (see Supplementary Table S2 in
online Journal of Periodontology).

2.5 Statistical analysis

Baseline characteristics for study participants were sum-
marized using frequency (%) for categorical variables and

mean (standard deviation [SD]) for continuous variables,
respectively. Subsequent systemic disease during follow-
up was quantified by incidence rate; the number of new
cases per 1000 person years, stratified by PD and hyperten-
sive status. Multivariable Cox proportional hazard models
were used to quantify the risk of systemic disease develop-
ment. The models were adjusted for age, sex, BMI, CRP
level, household income, history of smoking, time from
hypertension diagnosis (years), and antihypertensive pre-
scription. We compared the risk of systemic diseases in
non-hypertensive and hypertensive participants with and
without PD (healthy control). We also investigated the risk
of systemic disease stratified by PD and hypertension cat-
egory, respectively. The interaction of hypertension and
PD on the overall rate of follow-up systemic disease was
explored in interaction plots.
We assessed the proportional hazard assumptions using

Schoenfeld residuals tests. Missing covariate information
was handled via multiple imputation by chained equa-
tions, and coefficients were combined using Rubin’s rule,19
using the “mice” package in R.20 Sensitivity analyses were
conducted to account for the impact of missing data and to
assess the effect of antihypertensive prescriptions in hyper-
tensive participants. Significance levels were set to 0.05,
and all data processing and analyses were performed in R
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F IGURE 2 Overall event rate of follow-up systemic disease or all-cause mortality by periodontitis status and hypertension category.
CVD, cardiovascular disease; PD, periodontitis

version 4.0.0.21 The study report was written in accordance
with STROBE guidelines.

3 RESULTS

Overall, there were 244,393 participants included in the
final study population; 131,566 (53.8%) participants were
hypertensive at baseline and 10,633 (4.4%) participants had
self-reported PD (Figure 1). PD was present 4.5% of hyper-
tensives. The mean age of participants was 55.4 years (SD:
8.1) and 53.3% of participants were female. The average
CRP level in the study cohort was 2.20 (SD: 3.71). The
mean BMI in the overall study cohort was 26.80 (SD: 4.35)
(Table 1).

3.1 Overall risks of systemic diseases

The overall median time to the development of any sys-
temic disease was 6.36 years (interquartile range [IQR]
= 5.71). Average time to systemic disease development in
hypertensive and non-hypertensive participants was simi-
lar (hypertensive: median = 6.45 years, IQR = 5.73; non-
hypertensive: median = 6.18, IQR = 5.66). The rates of
all systemic diseases were higher in hypertensive partici-
pants than non-hypertensive, except for depression where
the difference was marginal. Interactions between PD and
the hypertension categorywere observed in cancer, depres-
sion, and respiratory disease (Figure 2). The overall inci-
dence for neurological disease and liver disease was low

(Figure 2 and Table 2). After adjustments, both hyperten-
sive and non-hypertensive participants with PD had an
increased risk of all examined systemic disease outcomes
compared to non-hypertensive healthy controls, except for
cancer, inflammatory disease, and neurological disease
(Table 3).

3.2 Risk of cancer

An interaction effect between PD and hypertension was
observed for risk of cancer (Figure 2). The rate of acquir-
ing cancer during follow-up was higher in hypertensive
healthy controls (incidence rate per 1000 person years
[IR]: 14.13, 95% confidence interval [CI]: 13.93–14.32) than
in non-hypertensive healthy controls (IR: 10.55, 95% CI:
10.37–10.73) (Table 2). After adjustments for covariates, the
risk of cancer was not changed for hypertensive partici-
pants with or without PD (hazard ratio [HR]: 1.00, 95% CI:
0.98–1.03; HR: 0.95, 95% CI: 0.85–1.06) compared to non-
hypertensives (Figure 3).

3.3 Risk of CVD

The rate of CVD was approximately halved in non-
hypertensive healthy controls (IR: 6.34, 95% CI: 6.21–6.48)
than in hypertensive healthy controls (IR: 12.50, 95% CI:
12.32–12.68). Incidence rates were highest in participants
with loose teeth who were both hypertensive (IR: 15.90,
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F IGURE 3 Hazard ratio of systemic disease or all-cause mortality in hypertensive compared to non-hypertensive participants, stratified
by periodontitis status. CI, confidence interval; CVD, cardiovascular disease; HR, hazard ratio; PD, periodontitis. Adjusted by age, sex, BMI,
ethnicity, average total household income, C-reactive protein level, history of smoking, time since hypertension diagnosis, and
antihypertensive prescription. Statistical significance at the 0.05, 0.01, and 0.001 levels denoted by *, **, ***, respectively

95% CI: 14.69–17.19) and non-hypertensive (IR: 9.22, 95%
CI: 8.12–10.43) (Table 2). The risk of CVD was increased
more in hypertensive participants with PD compared
to those without after adjustments (without PD—HR:
1.28, 95% CI: 1.25–1.32; PD – HR: 1.36, 95% CI: 1.21–1.53)
(Figure 3).

3.4 Risk of depression

The rate of depression was similar in both non-
hypertensive and hypertensive healthy controls (IR:
2.18, 95% CI: 2.10–2.26; IR: 2.24, 95% CI: 2.21–2.32)
(Table 2). Following adjustments, the risk of depression
due to hypertension was not increased in healthy controls
(HR: 0.96, 95% CI: 0.91–1.02) or participants with PD (HR:
0.95, 95% CI: 0.76–1.20) (Figure 3).

3.5 Risk of diabetes

The rate of diabetes in healthy controls was higher in par-
ticipants who were hypertensive (IR: 8.42, 95% CI: 8.17–
9.06) compared to non-hypertensives (IR: 5.85, 95% CI:
5.71–5.98) (Table 2). Following adjustments, the risk of dia-
betes was higher in hypertensive healthy controls (HR:

1.19, 95% CI: 1.15–1.23) and marginally higher hypertensive
participants with PD (HR: 1.11, 95% CI: 0.98–1.26) than in
respective non-hypertensives (Figure 3).

3.6 Risk of inflammatory disease

The rate of inflammatory disease in healthy controls was
higher in participants who were hypertensive (IR: 14.64,
95% CI: 14.45–14.84) compared to non-hypertensives (IR:
10.37, 95% CI: 10.19–10.55) (Table 2). After adjustments,
hypertension did not increase the risk of inflammatory
disease in healthy controls (HR: 0.99, 95% CI: 0.97–1.01)
or in participants with PD (HR: 1.01, 95% CI: 0.91–1.13)
(Figure 3).

3.7 Risk of renal disease

The rate of renal disease was lowest in non-hypertensive
healthy controls (IR: 2.05, 95% CI: 1.98–2.13), and non-
hypertensives with bleeding gums (IR: 1.82, 95% CI: 1.62–
2.04) (Table 2). After adjustments, the risk of renal dis-
ease was increased in hypertensives with PD (HR: 1.35, 95%
CI: 1.29–1.42) and without PD (HR: 1.24, 95% CI: 1.02–1.50)
compared to non-hypertensive participants (Figure 3).
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3.8 Risk of respiratory disease

The overall rate of respiratory disease was increased
in both hypertensive participants and those with PD
(Figure 2). The risk of respiratory diseasewas not increased
in hypertensive participants without PD (HR: 1.02, 95%
CI: 0.98–1.06) compared, although there was a marginal
increase in those with PD (HR: 1.11, 95% CI: 0.95–1.30)
(Figure 3).

3.9 All-cause mortality

The incidence of all-cause mortality was highest in par-
ticipants with loose teeth in both hypertension categories
(non-hypertensive IR: 4.85, 95% CI: 4.06–5.75; hypertensive
IR: 7.50, 95% CI: 6.67–8.40) (Table 2). This risk was not
increased in participants with PD when stratified by PD
status (Figure 3).
Use of complete cases in the sensitivity analysis exhib-

ited similar trends to those in the main analysis (see Sup-
plementary Table S3 in online Journal of Periodontology).
Removal of hypertensive participants with an antihyper-
tensive prescription at baseline (n = 15,831) from the anal-
ysis also had similar effect to risk estimates (see Supple-
mentary Table S4 in online Journal of Periodontology).

4 DISCUSSION

Our findings demonstrate that both PD and hypertension
are associated with an increased risk of several subse-
quent systemic diseases. Overall, we found that hyperten-
sion as well as loose teeth and painful gums independently
increase risk of several subsequent systemic diseases. In
particular, hypertension had an additive effect with PD on
risks of CVD and respiratory disease.
The findings show that participants with loose teeth

(clinically indicative of severe PD) had the highest inci-
dence of subsequent systemic diseases compared to the
other oral health indicators. This reflects the growing evi-
dence from studies that have shown an association of PD
with development of a variety of chronic conditions includ-
ing CVD, diabetes, and depression.7,22,23 The risk of all-
cause mortality was also increased in participants with
loose teeth in the present study. Other findings using data
from the UK Biobank cohort have shown that severe PD
(specifically loose teeth) is associated with an increased
risk of COVID-19 mortality, as well as all-cause mortality
in people who are otherwise systemically healthy.8,10
Our study is the first of its kind to explore the effect

of both PD and hypertension on multiple subsequent sys-

temic diseases. We previously identified the most frequent
disease trajectories of PD in UK Biobank participants.
Hypertension was central to several of the multimorbidity
trajectories including other conditions such as CVD, dia-
betes, and respiratory disease.10 The present study found
an increased risk of these conditions in participants with
PD,with the highest rates observed in thosewith hyperten-
sion and loose teeth (severe PD) at baseline. We also found
higher risks of diabetes, renal disease, respiratory disease,
and all-cause mortality in hypertensive participants with
PD. This suggests that PD and hypertension have an addi-
tive effect on an individual’s risk of developing subsequent
systemic conditions.
Our findings indicate that the risk of further systemic

disease development in hypertensives may be impacted by
the severity of their PD condition. Higher risks of systemic
diseases were observed in those that self-reported loose
teeth (clinically indicative of severe PD) than painful gums
(moderate–severe PD). This finding is reflected in previ-
ous work showing augmented risks of adverse outcomes
in loose teeth compared to the other PD indicators.8,10,16
PD can manifest across a spectrum of signs and symp-
toms; as such, the oral health indicators in the present
study were selected to represent different severities of
the disease: from painful gums (moderate PD) to loose
teeth (severe PD). The intensified risks of systemic dis-
ease observed in hypertensive participants with painful
gums and loose teeth could be reflective of the transference
of inflammation: from localized inflammation in mild-to-
moderate PD to generalized disease leading to attachment
loss and toothmobility inmore severe cases.5 The systemic
increase of circulating inflammatory cytokines results in
global impaired endothelial cell function, thereby increas-
ing arterial pressure.24 Periodontal inflammation has been
linked to high blood pressure.25 One Mendelian random-
ization study has recently confirmed the causal associa-
tion betweenPDand subsequent hypertension.13 The latter
authors suggest that PD treatment may reduce inflamma-
tion in hypertensive participants,13 although the research
regarding CRP as an inflammatory mediator between PD
and hypertension is controversial.12,26 A recent study also
found that systemic inflammation only accounts for 10%
of the mediating pathway effect that links PD with an
increased risk of all-cause mortality.27 Other findings sug-
gest that PD treatment may also improve the efficacy
of antihypertensive medication; although this study was
limited to cross-sectional data, and the impact to sub-
sequent systemic disease outcomes was not explored.28
More robust research is needed to improve understand-
ing of the biological mechanism that underpins the
causal association betweenPD, hypertension, and systemic
disease.
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Our results also suggest that PD may independently
increase the risk of CVD. Peoplewith PDhave an increased
risk of hypertension itself, suggesting that hypertension
may precede further systemic disease diagnoses in this
population.10,29 One explanation is that the participants
may have developed hypertension prior to a systemic dis-
ease diagnosis, and this diagnosis was not captured by
the health outcomes data. Furthermore, we also used
blood pressure measurements to determine hypertensive
status; an arbitrary cutoff cannot account for participants
that may have been borderline hypertensive at baseline
and developed hypertension soon after. Complementary
research is required to explore the possible mediator effect
of raised blood pressure on the risk of subsequent systemic
disease outcomes.
This novel study explored the impact of both hyperten-

sion and PD on subsequent systemic disease outcomes and
as such has several strengths to note. Much of the previ-
ous research demonstrating independent associations of
PD with hypertension and systemic diseases is based on
cross-sectional data or studies of smaller samples.25,26,30
The present study used “Big Data” from the UK Biobank
longitudinal cohort and linked health outcomes.14 This
allows for multiple outcomes of interest to be explored in
a large cohort, as well as inferences on directionality of
the observed associations to be suggested. TheUKBiobank
core dataset also enabled us to account for a number of risk
factors that are independently associated with the condi-
tions such as sex, BMI, and smoking status.3,4 Another key
strength to our study was the use of systemically healthy
(with the exception of hypertension) population at base-
line. This reduced possible confounding effects of other
conditions and improved the reliability of risk estimates.
A limitation to our study is that the findings may not

be generalizable to the whole population. The UKBiobank
cohort consists of older adults, amajor portion ofwhich are
of white ethnicity. While we are not able to apply our find-
ings to younger people with PD, age is a known risk factor
for PD and systemic diseases and has also been shown to be
amediating factor for severe PD and hypertension.31 Addi-
tionally, previous research has shown that PD is also more
prevalent in ethnic minorities, and our results may there-
fore be an underestimate of the true associations in these
at-risk populations.32 Further research is required in this
area to identify populations with PD who are most at risk
for adverse systemic outcomes.
It should also be noted that the present study was lim-

ited by the use of self-reported oral health indicators as
surrogates for PD. There have been suggestions that self-
reported responses of loose teeth may also be associated
with trauma or ageing, while mild cases of PD in smok-
ers can also be difficult to identify.15 Of note, one system-
atic review concluded that self-reported oral health indica-

tors can be used as accurate case definitions of PD.33 The
findings complement previous research of the systemic
associations in people with PD, which could also suggest
loose teeth as a viable case definition for severe cases.7,25
Nonetheless, a clinical case definition of PD would elim-
inate the potential biases of self-reported responses and
provide more robust conclusions on the associations of PD
severity. Furthermore, linked dental and health records
would account for the effect of PD severity and subsequent
PD treatment to an individual’s risk of systemic disease.

5 CONCLUSION

Our study demonstrates the combined and individual
effects of PD and hypertension on the risk of subse-
quent systemic disease. Overall, the effect of hyperten-
sion category was more impactful on estimates than
PD status. The risks of CVD and respiratory disease
were exacerbated in hypertensive participants with
loose teeth (indicative of more severe PD). Shared
inflammatory pathways and endothelial dysfunction
are the probable cause in this association; however,
the understanding of the biological mechanism that
underpins the true causal associations between PD,
hypertension, and subsequent systemic disease remains
controversial and requires further research.
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