Mﬁ' oral

Article

The Potential Effects of ACE Inhibitors on the Severity of
Periodontal Disease-Related Attachment Loss: An Observational,
Cross-Sectional Comparative Study

Kathrine Cullinan !, Monika Behrens 1, Kylie Del Solar !, Kimberley Johnson 1, Andrea James !, Brian James

and Alan Nimmo 1'*

check for

updates
Received: 26 August 2025
Revised: 12 October 2025
Accepted: 23 October 2025
Published: 5 November 2025

Citation: Cullinan, K.; Behrens, M.;
Del Solar, K.; Johnson, K.; James, A.;
James, B.; Nimmo, A. The Potential
Effects of ACE Inhibitors on the
Severity of Periodontal
Disease-Related Attachment Loss: An
Observational, Cross-Sectional
Comparative Study. Oral 2025, 5, 88.
https:/ /doi.org/10.3390/ oral5040088

Copyright: © 2025 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license

(https:/ /creativecommons.org/
licenses /by /4.0/).

2

College of Medicine and Dentistry, James Cook University, Cairns, QLD 4870, Australia;
katherine.cullinan@my.jcu.edu.au (K.C.); monika.behrens@my.jcu.edu.au (M.B.);
kylie.sabatino@my.jcu.edu.au (K.D.S.); kimberleyjohnson@my.jcu.edu.au (K.].);

andrea james@my;jcu.edu.au (A.].)

Cairns Specialist Dental, 64 Anderson Street, Cairns, QLD 4872, Australia; brian@cairnsperiodontics.com.au
Correspondence: alan.nimmo@jcu.edu.au

Abstract

Background/Objectives: Angiotensin-converting enzyme (ACE) inhibitors are commonly
prescribed anti-hypertensive agents. However, one of their effects is reducing the break-
down of a number of pro-inflammatory mediators, including bradykinin and substance
P. Given the role of inflammation in periodontal disease, the aim of this study was to see
whether ACE inhibitors may have an influence on the severity of periodontal disease, as
assessed by clinical attachment loss. Methods: A case—control retrospective study was
undertaken through analysis of patient records from a specialist periodontic practice. Data
regarding the loss of clinical attachment was collected from patients who were non-smokers
and grouped according to patients prescribed ACE inhibitors, those taking other antihy-
pertensive medication, and those taking no antihypertensive medication. Results: No
statistically significant difference was observed between the three treatment groups in
terms of mild to moderate loss of attachment (1-3 mm; 4-5 mm). However, a significantly
higher incidence of severe attachment loss (>6 mm) was observed in patients prescribed
ACE inhibitors, as compared to another antihypertensive or no antihypertensive medica-
tion. Conclusions: The incidence of severe loss of clinical attachment in this study was
highest in those patients being prescribed ACE inhibitors. This effect would appear to be
independent of the effects of the medication on blood pressure, since this was not observed
with other antihypertensive medications, and hence may potentially relate to the known
pro-inflammatory action of ACE inhibitors.

Keywords: angiotensin-converting enzyme (ACE) inhibitors; periodontal disease; clinical
attachment loss (CAL); substance P; bradykinin; cytokines; osteoclast activation

1. Introduction

Periodontal disease is characterised by a bacterially induced chronic inflammatory
response and an associated loss of tooth support. The presence of periodontopathic bacteria
triggers an initial, innate immune response following the recognition of pathogen-derived
molecules by Toll-like receptors [1-3]. The innate response is coordinated by an array of pro-
inflammatory cytokines and anti-inflammatory cytokines, as well as other inflammatory
mediators [4,5]. The function of the innate inflammatory response is to control the initiating
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infection. However, there must be an appropriate balance between pro-inflammatory and
anti-inflammatory mediators in order to prevent excessive tissue destruction, as well as
to allow for the resolution of inflammation [6-8]. Excessive or prolonged activation of
the inflammatory response can lead to chronic inflammation and an immune-mediated
destruction of the periodiodontal tissues [4,5].

For periodontal tissue destruction to occur, there are two main permissive factors.
Firstly, there must be a sufficiently high concentration of the pro-inflammatory factors in
the gingival tissue to stimulate osteoclastogenesis, and secondly, the inflammatory front
must be in the proximity of the alveolar bone [9,10]. In terms of the pro-inflammatory
mediators associated with osteoclastogenesis, there has rightly been a significant focus on
interleukin-1 (IL-1), interleukin-6 (IL-6) and tumour necrosis factor-alpha (TNFe) [9,10].
One of the key actions of these pro-inflammatory mediators is to increase the expression of
a protein, receptor activator of nuclear factor-kappa B ligand (RANKL), the endogenous
ligand for the receptor activator of nuclear factor-kappa B (RANK) [10,11]. Increased
expression of RANKL, and the associated activation of the RANK receptor on osteoclast
progenerator cells, may lead to excessive formation and activation of osteoclasts, leading
to pathologic bone reabsorption. In particular, a relative imbalance caused by increased
expression of RANKL, and decreased expression of its decoy receptor, osteoprotegerin
(OPG), appears to be central to periodontitis [12-14].

There are other pro-inflammatory mediators known to influence the innate immune
response in periodontal tissues. These include the peptide mediators, bradykinin and
substance P [15,16]. Bradykinin has a number of pro-inflammatory actions, including
vasodilation and increased vascular permeability. It is also is a potent pain-producing
substance [17]. Substance P is a sensory neuropeptide with a wide range of biological
activities. In peripheral tissues, it is primarily associated with nociceptive sensory nerves
and is involved in the neurogenic component of acute inflammation [18]. Release of
substance P, and stimulation of its specific receptor, the NK1 receptor, can lead to activation
of the nuclear factor-kappa-B (NF-«B) pathway and release of pro-inflammatory cytokines,
including IL-1 and TNF« [19]. Substance P also has pro-inflammatory effects on the
vasculature, increasing vascular permeability, leading to the formation of oedema [20]. In
addition, substance P is also involved in regulating the activity and expression of vascular
adhesion molecules, such as ICAM-1 and VCAM-1, that facilitate leukocyte infiltration of
the inflamed tissue [21,22].

There is evidence that both substance P and bradykinin may enhance inflammatory-
mediated bone reabsorption. In vitro studies have shown that bradykinin may stimulate
bone reabsorption, and there may be the potential to synergistically enhance the osteoclast-
stimulating activity of IL-1 and TNF« through enhanced RANKL expression [23]. The
presence of substance P in gingival tissues has been correlated with the degree of periodon-
tal inflammation [24]. Substance P has also been shown to be capable of stimulating bone
reabsorption [25,26]. As mentioned previously, one action of substance P is activating the
NEF-«kB pathway. It has also been shown to be capable of upregulating the expression of
RANKL, whilst simultaneously downregulating the expression of OPG [27,28]. Hence,
along with other pro-inflammatory mediators, substance P and bradykinin may play a role
in inflammatory-mediated alveolar bone loss (Figure 1).

Many dental patients may have systemic conditions, as well as associated medications,
which may impact their oral health. Hypertension is a common disorder that is routinely
controlled by a variety of antihypertensive agents. The Australian Bureau of Statistics
estimates that approximately one third of the adult population may be prescribed antihyper-
tensive medication (https:/ /www.abs.gov.au/ausstats/abs@.nsf/Lookup /by%20Subject/
4364.0.55.002~2014-15~Main%?20Features~Hypertension~10007; published 2017, accessed
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on 25 August 2025). Whilst there are number of classes of antihypertensive medication, one
commonly prescribed agent is an angiotensin-converting enzyme (ACE) inhibitor [29]. ACE
inhibitors are very effective antihypertensive agents and are widely prescribed for patients
with hypertension, as well as being used in the treatment of cardiac failure. Their primary
mode of action is on the renin-angiotensin system, where they have an inhibitory effect
the enzyme, ACE, thereby reducing the conversion of angiotensin I to angiotensin II [30].
This may lead to a significant fall in blood pressure in hypertensive patients. However, in
addition to being involved in the conversion of angiotensin I to II, the ACE also plays a
role in degrading a number of peptide mediators [31]. As a result, another action of ACE
inhibitors is they decrease the ACE-dependent degradation of substance P and bradykinin,
leading to increased levels of these mediators [32,33]. This action is considered to account
for some of the beneficial cardiovascular effects of ACE inhibitors but also some of their
potential side effects [34,35].

Bacterial-induced

/ Inflammation \

Pro-inflammatory Key Pro-inflammatory Key Anti-inflammatory
Peptides Cytokines Cytokines
Substance P IL-1B, TNFa, IL-6, IL-4, IL-10, IL-1Ra,
Bradykinin @ IL-17, IL-23 @ ¢ IL-12, INF-y

Ol iarwdIS
| \ |

1T Osteoclastogenesis

Figure 1. A simplified representation of some of the key mediators considered to play a role in
inflammatory-driven bone loss in periodontal disease. + represents an increase in activity or expres-
sion, whilst — represents decreased activity or expression.

The aim of the present study was to evaluate whether ACE inhibitors may have a
potential influence on the severity of periodontal disease-related attachment loss. It is
recognised that in periodontal disease, the inflammatory-mediated bone reabsorption
results from an imbalance between pro- and anti-inflammatory mediators [6]. Whilst
a range of inflammatory mediators are considered to play a role in this, two peptide
mediators, substance P and bradykinin, have been identified as having a potential pro-
inflammatory role [28,36]. Given that ACE inhibitors are known to increase the levels of
substance P and bradykinin, as a result of reduced metabolism, we hypothesised that ACE
inhibitors may have the potential to exacerbate periodontal disease [37].

2. Materials and Methods

The study was undertaken as an observational, cross-sectional comparative study
performed using patient records from a specialist periodontic practice. Ethical approval
for the study was obtained from the James Cook University Human Ethics Committee
(H4560), 2 July 2012. The study complied with the National Health and Medical Research
Council (NHMRC) “National Statement on Ethical Conduct in Human Research” (2007).
Patient confidentiality was maintained at all times during the study, and no information
was recorded that could enable the identification of an individual patient.
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The initial cohort selection was undertaken by examining the clinical history and
records of patients who had attended the specialist periodontist clinic in the preceding
10 years (2003-2012), and who had received a positive diagnosis of periodontal disease.
Diagnosis was completed following comprehensive periodontal examination including
clinical examination, periodontal charting, radiographic examination and assessment of
medical history. A positive diagnosis was based on the American Academy of Periodontol-
ogy Consensus Guidelines [38]. Whilst the diagnostic labelling nomenclature has changed,
the diagnostic procedures and processes have not [39]. Initial identification of the study
cohort was done on the basis of identifying patients who had been diagnosed with peri-
odontitis and were on any prescribed medication. Any patient records, which indicated
that the patient was a current or previous smoker, were automatically excluded from the
study. In addition, patients with a diagnosed systemic medical condition known to have
a significant impact on periodontal health, such as diabetes mellitus, were also excluded
from the study. Patient data was sorted into three groups according to prescribed antihy-
pertensive medication: patients being prescribed ACE inhibitors to manage hypertension,
patients being prescribed another class of anti-hypertensive medication, and patients being
prescribed no antihypertensive medication. For the purposes of the study, the patients tak-
ing other antihypertensive medications were viewed as a positive control for the potential
effects of medication-induced xerostomia [40].

The data recorded for analysis in this study was patient age, gender, the total number of
teeth, the number of sites that exhibited bleeding upon probing, and the clinical attachment
level (CAL). The severity of periodontal disease was assessed from the CAL measurements,
with the loss of attachment being grouped according to CAL 1-3 mm, CAL 4-5 mm and
CAL > 6 mm. All periodontal measurements were taken on six surfaces per tooth, and all
measurements were performed by a single periodontist.

Prior to analysis, the Shapiro-Wilk test was performed on the recorded data to test for a
normal distribution (p values of <0.05). Analysis of the data was performed using GraphPad
Prism version 6.01 for Windows (GraphPad Software, La Jolla, CA, USA). A two-way
analysis of variance was performed to assess whether there was any association between
the extent of clinical attachment loss (CAL 1-3 mm; CAL 4-5 mm; CAL > 6 mm) and the
patient’s antihypertensive medication (no antihypertensive medication; ACE inhibitor;
other antihypertensive medication). The two-way ANOVA indicated that medication had
a significant effect on results (p < 0.0001). A comparison between the three medication
groups was performed using a one-way analysis of variance followed by post-test analysis
using Newman-Keuls Multiple Comparison Test. A p value of <0.05 was taken as being
statistically significant.

3. Results

Following the inclusion and exclusion criteria outlined, the data from 72 patients was
included in this study. This comprised of 19 patients being prescribed ACE inhibitors
to manage hypertension, 19 patients being prescribed other antihypertensive medica-
tion, and 34 patients being prescribed no antihypertensive medication. The patient pro-
files for each group are shown in Table 1. The average age of each patient group was
63.1 £ 2.0 years (mean + SEM) for those prescribed ACE inhibitors, 56.2 + 2.8 years for
those prescribed other antihypertensives, and 61.9 + 1.4 years for those not being pre-
scribed antihypertensive medication. Patient dentition was recorded, with the average
number of teeth in each patient group being 24 + 1.4 (mean + SEM) for those prescribed
ACE inhibitors, 25.9 + 1 for those prescribed other antihypertensives, and 23.3 £ 1.4 for
those not being prescribed antihypertensive medication. Each patient group was assessed
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to see whether there was a correlation between age and number of teeth, but no direct
correlation was observed.

Table 1. Summary of patient profiles for the cohorts of patients being prescribed ACE inhibitors for
hypertension, another anti-hypertensive medication, or no anti-hypertensive. Patient gender, age
and number of teeth are presented, with the range being indicated, and means being expressed to

two decimal places.

Antihypertensive Medication
ACE Inhibitor Other Anti-Hyper No Anti-Hyper

Female 7 14 22
Gender
Male 12 7 12
Mean 63.11 56.21 61.88
Age (years)
Range 50-80 38-80 48-76
Mean 23.95 26.37 22.71
Number of Teeth
Range 18-32 21-31 11-31

The percentage of total sites that exhibited bleeding upon probing was compared
(Figure 2). Whilst the percentage of bleeding sites was lowest in the patient group
not prescribed antihypertensive medication (16.1% =+ 3.35; mean + SEM), and high-
est in the group prescribed ACE inhibitors (23% =+ 5.75), these differences were not
statistically significant.
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Figure 2. Percentage of bleeding sites in periodontal patients being prescribed an ACE inhibitor
(n =19), an antihypertensive medication other than an ACE inhibitor (1 = 19), or no antihypertensive
medication (n = 34). No statistically significant difference was observed between the different

medication groups.

The severity of periodontal disease was assessed by the clinical loss of attachment,
with the percentage of sites being categorised as CAL 1-3 mm, CAL 4-5 mm and
CAL > 6 mm (Table 2). Initial analysis of the data was performed using a two-way ANOVA
to determine whether a patient’s medication had any significant effect upon their CAL
measurements. This initial analysis indicated that patient medication had a significant
effect on CAL measurements (p < 0.0001).



Oral 2025, 5, 88

6 of 13

Table 2. Percentage of sites showing the degree of loss of clinical attachment in relation to a patient’s
antihypertensive medication (mean + SEM; results are rounded to one decimal place). A statistically
significant difference was observed between patients taking no antihypertensive medication and those
being prescribed ACE inhibitors, as well as between those taking an antihypertensive other than an
ACE inhibitor and those being prescribed ACE inhibitors (Newman-Keuls Multiple Comparison Test,
p <0.05).

Medication CAL 1-3 mm CAL 4-5 mm CAL > 6 mm
No antihypertensive 66.1% £ 3.7 26.9% £ 2.8 7.0% £ 1.7
ACE Inhibitor 55.2% £ 7.1 31.0% £ 4.8 13.8% + 4.2
Other Antihypertensive 71.7% £ 5.5 23.4% £ 3.6 49% £ 1.1

Subsequent analysis was performed to compare the three medication groups in re-
lation to the severity of periodontal disease. An interesting trend was observed between
the degree of CAL, and the type of antihypertensive medication used. Patients taking
an antihypertensive medication other than an ACE inhibitor, had the highest percent-
age of sites with minimal loss of attachment (CAL 1-3 mm; 71.7% =+ 5.5; mean + SEM)),
whilst patients prescribed ACE inhibitors had the lowest percentage of sites with minimal
attachment loss (55.2% =+ 7.1). In terms of the percentage of sites with CAL 4-5 mm,
the picture started to change. Patients taking an antihypertensive medication other than
an ACE inhibitor, had the lowest percentage of sites with moderate loss of attachment
(CAL 4-5 mm; 23.4% =+ 3.6; mean £ SEM), whilst patients prescribed ACE inhibitors
had the highest percentage of sites with a CAL of 4-5 mm (31.0% =+ 4.8). Whilst a trend
is observable, it is not statistically significant. However, for more severe attachment loss
(CAL > 6 mm), a significant difference was observed between medication groups
(Figure 3). The percentage of sites with more severe loss of attachment was significantly higher
(p < 0.05) for patients taking ACE inhibitors (13.8 &£ 4.2; mean 4 SEM) as compared to patients
taking another antihypertensive (4.9 & 1.1) or no antihypertensive medication (7.0 & 1.7).
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Figure 3. Percentage of sites in periodontal patients, with a clinical loss of attachment >6 mm, being
prescribed an ACE inhibitor (n = 19), an antihypertensive medication other than an ACE inhibitor
(n=19), or no antihypertensive medication (1 = 34). A statistically significant difference was observed
between patients prescribed an ACE inhibitor relative to other antihypertensive medications, as
well as between those being prescribed an ACE inhibitor and those receiving no antihypertensive

medication (p < 0.05) *.
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4. Discussion

The recognition of the role that inflammation plays in periodontal disease is helping to
shape clinical intervention. Importantly, it may help guide novel clinical interventions that
address, not just the infectious component of periodontal disease, but also the inflammatory
component [6,41]. However, another important factor is that it promotes an awareness of
the factors that may influence and impact upon periodontal disease, allowing for a more
timely and vigorous intervention, as now occurs for patients with diabetes mellitus [42].
The aim of this study was to see whether there was any evidence to support the hypothesis
that the use of ACE inhibitors may have any impact on the severity of periodontal disease.
This hypothesis is based on the recognition the ACE inhibitors may result in decreased
degradation of some peptide pro-inflammatory mediators, especially bradykinin and
substance P [31,33-35,43]. Both bradykinin and substance P are thought to contribute to
periodontal inflammatory responses [15,16,24-28,36,44].

The present study was conducted as an observational, cross-sectional comparative
study. Having obtained the data for the different treatment groups, it was observed that
there was a mean age difference, albeit non-significant, between those patients being
prescribed ACE inhibitors, and those prescribed other antihypertensive medication. A
small, but again non-significant, difference was also observed between the mean number
of teeth per patient, with the highest retention being seen in the younger group being
prescribed “other antihypertensive” medications. In order to assess whether the patient age
may be having a significant influence here, we looked to see whether there was a correlation
between the patient age and number of existing teeth in these two groups. However, there
was no significant correlation between patient age and number of teeth between the
two “treated” patient groups. Hence, it appears that other patient factors may have a more
significant influence.

Periodontal disease is a complex, multifactorial process, and its development and
progression is influenced by a fine balance between the levels of pro- and anti-inflammatory
mediators [6]. The aim of the present study was to evaluate whether the prescribing of
ACE inhibitors may have an influence on the severity of periodontal disease as a result of
their known inhibitory effect in relation to the breakdown of peptide pro-inflammatory
mediators, particularly bradykinin and substance P [33]. The results of this study have
revealed a significantly higher percentage of sites with Cal > 6 mm in those patients
prescribed ACE inhibitors, as compared to those prescribed another antihypertensive, or
no antihypertensive medication, suggesting that there may be a negative influence.

One of the potential side effects of antihypertensive medication is xerostomia, with its’
associated impacts on oral health [45]. Reports of xerostomia are less common in patients
taking ACE inhibitors as compared to other antihypertensive medication [45], possibly as a
result of the vasodilator component of their action. However, in order to try and control for
any potential effects of xerostomia, patients prescribed antihypertensive medications other
than ACE inhibitors served as a positive control. The incidence of sites with significant loss of
attachment (CAL > 6 mm) was significantly higher in the patients prescribed ACE inhibitors
versus other antihypertensive medication (13.8% versus 4.9%). This would suggest that any
negative effects associated with ACE inhibitors are more likely due to their specific mode
of action rather than their antihypertensive effects. Whilst there was a significant difference
in the percentage of sites showing clinical loss of attachment, the same distinction was not
observed in relation to the percentage of bleeding sites (23% versus 19.3%).

The normal processes that control alveolar bone reabsorption and deposition are finely
balanced, a control that is achieved by maintaining a balance of the regulating mediators,
including RANKL and OPG [11]. Net bone reabsorption may occur when that normal
balance in disturbed. Inflammation, and associated pro-inflammatory mediators, may
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have this effect. ACE inhibitors, by decreasing ACE-dependant metabolism of bradykinin
and substance P, may have the potential to exacerbate the process of bone loss, and that is
congruent with the results from this study.

Inflammation is a natural, protective mechanism. However, if inflammation does not
resolve, and acute inflammation progressives to chronic, then the inflammatory process
starts to become harmful rather than protective. As mentioned previously, Toll-like re-
ceptors (TLR), such as TLR2, play a key part in the recognition of pathogenic organisms.
Studies using TLR2 knockout mice have shown that animals lacking the receptor cannot
mount a normal immune response to periapical infections, leading to greater tissue destruc-
tion [46]. However, one mechanism that may enable the resolution of acute inflammation,
and prevent the development of chronic inflammation, is the capacity for TLR2 receptors
to desensitise [47]. Using an animal model of periodontal disease, Sun and colleagues
have shown that the ability to develop tolerance to bacterial toxins declined with age,
providing one explanation for an increased susceptibility to periodontal disease in ageing
patients [47].

In terms of the mediators influenced by ACE inhibitors, bradykinin has been shown
to increase the expression of TLR2 receptors in human gingival fibroblasts [48], which
could have a potentiating effect on periodontal disease. Bradykinin also has the potential
to synergistically enhance the osteoclast-stimulating activity of IL-1 and TNF« through
enhanced RANKL expression [23]. Substance P has also been shown to be capable of
stimulating bone reabsorption [25]. One action of substance P is to activate the NF-«B
pathway, promoting the expression of IL-1 and TNF«. It has also been shown to be capable
of upregulating the expression of RANKL, whilst simultaneously downregulating the
expression of OPG [27]. The presence of substance P in gingival tissues has also been
correlated with the degree of periodontal inflammation [24]. In addition, there is evidence
that substance P levels may be raised in patients with poorly controlled diabetes [49].
Ozturk and colleagues have shown that increased levels of substance P in gingival crevicular
fluid in these patients correlated significantly with other clinical periodontal findings [49].

ACE inhibitors represent a key agent in cardiovascular medicine, not just in the
management of hypertension, but also cardiac failure, post-myocardial infarction, and in
renal disease, including diabetic neuropathy. As such, they are effective agents that are
widely prescribed. Whilst their primary mode of action is to prevent the conversion of
angiotensin I to angiotensin II, their ability to affect the levels of other mediators, such as
bradykinin, may have both clinically beneficial effects [33], as well as contribute to their
side effect profile. Overall, the clinical benefits conferred by these agents far outweigh
their potential side effects. In terms of periodontal disease, these agents are not causative,
but our results are suggestive that in patients with existing, impaired periodontal health,
they may have the potential to exacerbate the condition. There is now evidence appearing
in the literature to suggest that ACE inhibitors, as opposed to other antihypertensive
agents, may have the potential to exacerbate periodontal inflammation [50,51]. As such,
an awareness of this element in a patient’s medical history may be valuable in the clinical
decision-making process.

There is a strong interest in the relationship between periodontal disease and systemic
disease, particularly in relation to cardiovascular disease, diabetes and poor outcomes in
pregnancy [52,53]. Obviously, an important aspect here is the potential for bacteraemia, as
well as the common inflammatory processes [54,55]. Perhaps ironically, given the current
focus on the potential negative aspects of ACE inhibitors on periodontal disease, there
is preclinical (mouse model) evidence that an ACE inhibitor may protect the heart from
Porphyromonas gingivalis LPS-induced cardiac dysfunction [56]. Either way, there is no
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question that ACE inhibitors will remain an important class of medication in cardiovascular
and renal medicine [57,58].

Both cardiovascular disease and periodontal disease are complex, multifactorial condi-
tions [59,60]. There are also a number of common risk factors that these conditions share.
Whilst in the current study we have excluded patients with a history of cigarette smoking
and diabetes, there are still a range of common risk factors that remain, including diet and
oral hygiene practices. Poor oral health status is known increase the risk of cardiovascular
disease [61]. The results of a recent systematic review and meta-analysis suggest that there
may be a bidirectional relationship between tooth loss and hypertension [62]. Given the
two-way nature of the relationship, the authors recommend that both hypertensive patients
and patients with partial edentulism require careful monitoring and care [62]. The quality
of a patient’s diet is also known to play an important role in oral and systemic health. A
direct relationship between poor diet quality and poor oral health has been demonstrated,
with poor diet quality being associated with an increase in tooth loss and accelerated
ageing [63].

In terms of the current study, there are a number of limitations associated with the scale
and retrospective nature of the study. The size of the patient cohort is relatively small, and
this was partly due to the exclusion criteria (non-smoker; non-diabetic) that were applied.
Whilst the study did demonstrate a significant difference between medication groups for
patients with CAL > 6 mm, it is possible that a more subtle differences may be detected
if the study was performed using a larger cohort. The study was undertaken using the
clinical data obtained by a specialist practitioner. On one hand, this avoids inter-clinician
variability, which may be useful given the scale of the study, but it does mean that the
study is based on a single professional perspective. However, the retrospective nature of
the study would limit any bias this could introduce.

The retrospective, observational, cross-sectional, and comparative nature of the current
study enabled a comparison between patients receiving different, or no, antihypertensive
medications and their degree of clinical attachment loss. However, the nature of the
study means that one cannot establish any cause-and-effect relationship. Thus, whilst the
data does indicate that there may be a relationship between the use of ACE inhibitors
and an increased loss of clinical attachment there are a range of variables are unknown,
including the dose of medication, the duration of treatment, and whether the medication is
providing effective control of their hypertension. Hence, undertaking a larger, prospective
study could allow for the measurement and control of these factors, as well as other
patient-related factors. Given the potential for antihypertensives to cause xerostomia,
both subjective assessment and objective measurement of salivary flow could provide
valuable additional information. In terms of the potential for ACE inhibitors to influence
periodontal inflammation, the hypothesis has been based upon a known action of this
medication [31,33,35]. However, in order to fully establish a direct relationship between
action of ACE inhibitors and an enhanced pro-inflammatory effect in periodontal tissues, a
prospective study could directly monitor the levels of the key inflammatory mediators in
gingival crevicular fluid [44]. The pro-inflammatory effects of ACE inhibitors have been
demonstrated in animal models of disease that involve inflammation [43], hence, there
could also be value in studying their effects in an animal model of periodontal disease.

5. Conclusions

In conclusion, our findings, together with those of other researchers, indicate that
ACE inhibitors may have the potential to exacerbate clinical attachment loss in periodon-
tal disease, presumably through their known ability to decrease the metabolism of pro-
inflammatory peptides [31,51]. Given the clinical value of ACE inhibitors in cardiovascular



Oral 2025, 5, 88

10 of 13

References

and renal medicine, they are like to remain in common clinical use. Hence a better under-
standing and awareness of their potential effects on periodontal inflammation may help
guide clinical intervention, possibly through increased, timely preventive care.
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