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Abstract

Aims Heart failure (HF) is a multiorgan, pro-inflammatory syndrome that impairs bone metabolism. Pro-inflammatory cyto-
kines and bone catabolism enhance periodontal disease, a local inflammatory, bacteria-induced disease that causes bone loss
and periodontal soft tissue destruction.

Methods and results Medical and dental examinations were performed on patients with HF (n = 39), following heart trans-
plantation (post-HTx, n = 38) and controls (n = 32). Blood, saliva, and gingival crevicular fluid were analysed for bone metab-
olism and inflammation markers. HF average New York Heart Association classification was III. Average time since HTx was
1414 days. Pro-inflammatory tumour necrosis factor-alpha was higher in HF and HTx as compared with controls
(P < 0.05). Both HF and HTx participants had higher levels of bone resorption marker C-terminal telopeptide and parathyroid
hormone with subjects in the HF group having the highest serum levels of all groups (P ≤ 0.05). In contrast,
25-hydroxyvitamin D was lowest in HF. HF patients had greater clinical attachment loss, cumulative pockets depth (greater
than 3 mm) and probing depth (P < 0.05) as compared with controls. Cumulative pockets depth correlated significantly with
measures of the inflammatory burden, β-glucuronidase in saliva (r = 0.4863, P < 0.01), interleukin-1b in saliva (r = 0.5149,
P < 0.01), and gingival crevicular fluid (r = 0.6056, P < 0.001) in HF. However, adjustment of periodontal results for measures
of oral hygiene (plaque, bleeding on probing), systemic 25-hydroxyvitamin D, and race attenuated significant differences
between groups.

Conclusions Patients with HF exhibit more severe periodontal disease associated with increased bone turnover markers
when compared with control patients. However, local and systemic factors may account for this association and should be
evaluated in future studies.
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Introduction

Heart failure (HF) is a pro-inflammatory syndrome with multi-
organ involvement caused by the inability of the heart to
meet the metabolic demands of the body.1,2 An initial cardiac
dysfunction such as ischemic, hypertensive, or genetic cardio-
myopathy leads to the activation and increase of pro-

inflammatory cytokines as part of the disease process.3 Epi-
demiologically, it is a major cause of morbidity and mortality
that affects around 4.8 million people in the USA every year.4

Currently, the only established definite surgical approach to
treating advanced HF is cardiac transplantation, which im-
proves haemodynamics and systemic metabolism.5 Clinical
systemic manifestations of HF include exercise intolerance,
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muscle wasting, renal impairment, and abnormal bone me-
tabolism.6 Previous studies have shown a compromised bone
metabolism in HF,7 and as a result, patients with severe HF
display increased serum bone resorption markers such as
cross-linked N-telopeptides and C-telopeptides of type I colla-
gen (NTX and CTX) and parathyroid hormone (PTH).8

Pro-inflammatory cytokines and bone catabolism can en-
hance periodontal disease, a local inflammatory, bacteria-
induced disease that causes bone loss and periodontal soft
tissue destruction.9 It can be found in 47.2% of adults in
the USA10 and ultimately leads to tooth loss if left un-
treated.11 Previously, it was assumed that periodontitis is pri-
marily an infectious disease characterized by bacteria found
in dental plaque.12,13 However, later studies showed that sys-
temic factors likely modify the individual host responses to
bacteria and bacterial lipopolysaccharides and therefore con-
trol the amount of tissue destruction as a result of periodon-
titis.14,15 Therefore, increasing interest now focuses on
systemic conditions that are associated with the occurrence
and progression of periodontal disease.9,16–18

Despite HF being such a prevalent cardiac disease, only
one retrospective radiographic study evaluated periodontal
alveolar bone loss in a group of HF patients and described
an increased rate of periodontal disease as compared with
healthy controls.19 Overall, the impact of the periodontal dis-
ease experience on quality of life is considerable also from an
epidemiological standpoint.20 Therefore, the purpose of this
study was to investigate the prevalence of periodontal dis-
ease in patients with HF in comparison with patients after
heart transplantation (HTx) and a non-HF control population.
We, furthermore, evaluated systemic measures of inflamma-
tion and bone metabolism as well as local measures of oral
hygiene to determine to what extent they might account
for an association between the two diseases.

Methods

We enrolled 109 patients between July 2010 and May 2012 in
this cross-sectional study. Patients with advanced HF before
cardiac transplantation and patients with a prior diagnosis
of advanced HF with at least 6 months post-cardiac transplan-
tation were included in the HF (mean age: 57 � 11 years; 29
men and 10 women) and HTx (mean age: 54 � 13 years; 30
men and eight women) group, respectively. Severity of HF
was determined using the New York Heart Association classi-
fication.21 Non-HF controls who do not differ from the other
groups in age were included as control patients (mean age:
52 � 9 years; 16 men and 16 women). Exclusion criteria for
control patients included history of myocardial infarction,
heart murmur, pregnancy, or HIV.

Subjects in all groups had to be dentulous with no drug-
induced gingival enlargement and older than 18 years.

Because of the impact smoking might have on the periodon-
tal condition, we included only subjects that were currently
non-smokers.22 Further, they should not have had invasive
periodontal therapy in the past 6 months. Medical history,
current medications, and history of smoking were recorded
for all patients.

HF and HTx patients were recruited from the outpatient
cardiac clinic, and control patients were recruited from the
dental clinics at Columbia University Medical Center. Control
subjects were recruited after presenting to the dental clinic
for a routine general dental examination.

The Institutional Review Board at Columbia University ap-
proved the study protocol, and all patients provided written
consent before inclusion in the study.

Periodontal examination

Clinical parameters were recorded at six sites per tooth using
a UNC15 probe (mesio-buccal, mid-buccal, disto-buccal,
mesio-lingual, mid-lingual, and disto-lingual) without includ-
ing 3rd molars. We recorded probing depth (PD), recession
(REC) measured as the distance between cemento-enamel
junction and gingival margin, clinical attachment loss (CAL).
Bleeding on probing (BOP) determined as absence or pres-
ence of bleeding after 30 s, and plaque assessed dichoto-
mously as absent or present were analysed as measures of
oral hygiene.23 We further calculated cumulative pocket
depth (CPD) by using the sum of all PDs greater than 3 mm
as previously described.24 A panoramic radiograph was taken
from every study subject to complement our clinical
evaluation.

Blood, saliva, and gingival crevicular fluid samples

Samples were collected at study appointment. Serum levels
of CTX, carboxylated osteocalcin, 25-hydroxyvitamin D (25-
OHD), PTH, procollagen 1 N-terminal peptide (P1NP), and tu-
mour necrosis factor-alpha (TNF-α) were determined as pre-
viously described.8 β-glucuronidase and interleukin-1beta
(IL-1β) were analysed as previously described.25,26

Statistical analysis

Because of skewed distributions, several of the primary vari-
ables were transformed before analysis. The natural log was
taken for the variables CTX, PTH, TNF-α, CPD, 25-OHD, and
osteocalcin. For the proportion variables quantifying plaque
and BOP, an arcsine-square root transformation was used.
In order to detect differences in means across the three study
groups, analysis of variance tests were conducted, separately
for each of the primary outcome measures, with pairwise
contrasts to further define significant differences.
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Additionally, all analyses were repeated, simultaneously
adjusting for race, 25-OHD, diabetes, plaque, and BOP. These
parameters were included by being a risk factor for periodon-
tal disease22 or being found to be significantly different dur-
ing patient evaluation. Differences in the proportion of
comorbidities, HF aetiology, and race were tested using Fish-
er’s exact test. Pearson correlation coefficient and linear re-
gression analysis were used to check for dependences.
Analyses were performed using SAS/9.3 or Prism 6/GraphPad.

Results

Patient characteristics

Body mass index and history of smoking were not found to be
statistically significant between groups (Table 1). Average
New York Heart Association classification was class III for
the pre-transplant group with 35.9% being classified as class
III, while 20.51% were classified as class IV. Mean duration
of HF was 8.5 � 7.8 years, defined as the time from the pa-
tient’s diagnosis of HF to the study enrolment date. On

average, HTx patients had received a cardiac transplant
1414 � 1198 days before study inclusion. As expected, mea-
sures associated with cardiac function such as ejection frac-
tion (%) and resting heart rate were significantly lower in
the HF group as compared with patients that had undergone
HTx or the control group (Table 1). HF is a systemic disease
that after the initial cardiac dysfunction can result in the im-
pairment of multiple organs.4 Therefore, comorbidities
analysed as part of the medical history and listed in Table 1
were in general significantly higher in HF and HTX subjects
as compared with controls, whereas only history of hyperten-
sion was significantly different between HF and HTX.

Results of laboratory examination are compared in Table 2.
In summary, blood urea nitrogen was significantly higher in
HF and HTx patients, whereas sodium, calcium, chloride, total
protein, and albumin were significantly lower compared with
controls. Total bilirubin and direct bilirubin as well as creati-
nine were highest in the HF group, and the difference to con-
trols was significant in bilirubin measurements. The
estimated glomerular filtration rate was significantly lower
in HTx patients as compared with HF patients and controls.
Alkaline phosphatase was significantly higher in HF subjects
compared with HTx patients and controls. Glucose levels

Table 1 Characteristics

Control (n = 32) Heart failure (n = 39) Heart transplant (n = 38) P-value

Age (years) 52 � 9 57 � 11 54 � 13 0.18
Gender, male [# (%)] 16 (50) 29 (74) 30 (79) 0.0218
BMI (kg/m2) 27 � 4 29 � 5 28 � 6 0.323
Race [# (%)] 0.0001
Caucasian 16 (50) 14 (36) 21 (55)
Hispanic 12 (38) 7 (18) 2 (5)
African American 2 (6) 9 (23) 12 (32)
Asian 0 (0) 1 (3) 2 (5)
Other 2 (6) 8 (21) 1 (3)

Smoking (current) 0 (0) 0 (0) 0 (0)
Smoking (former) 11 (34) 18 (46) 13 (34) 0.47
Systolic blood pressure (mmHg) 123 � 15 108 � 17 133 � 16b

Diastolic blood pressure (mmHg) 79 � 10 67 � 14 82 � 12b

Resting heart rate (b.p.m.) – 73 � 11 92 � 16b

Ejection fraction (%) >60 24 � 11 59 � 7b

NYHA class NA 2.9 � 0.8 NA
Heart failure duration (years) NA 8.5 � 7.8 NA
Aetiology [# (%)] 0.0204
Ischemic cardiomyopathy NA 16 (41) 10 (26)
Dilated cardiomyopathy NA 8 (21) 14 (37)
Other NA 15 (38) 14 (37)

Comorbidities medical history [# (%)]
Hypertension 4 (13) 29 (74)a 16 (42)a, b

Stroke 0 (0) 5 (13) 8 (21)a

Myocardial infarction 0 (0) 19 (49)a 10 (26)a

High cholesterol 6 (19) 26 (67)a 18 (47)a

Kidney disease 0 (0) 8 (21)a 13 (43)a

Liver disease 0 (0) 0 (0) 2 (5)
Diabetes 1 (3) 12 (31)a 16 (42)a

BMI, body mass index; NYHF, New York Heart Failure; SPO2, saturation of peripheral oxygen.
Values are expressed as mean � standard deviation.
aSignificantly different from control.
bSignificantly different from heart failure.
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were non-significantly different between groups (P = 0.09).
Further, Hemoglobin A1c (HbA1c) analysis in HF and HTx pa-
tients revealed similar values that were mostly below 7, the
therapeutic goal to limit diabetes-associated complications
(HF vs. HTx: 6.9 � 1.7 vs. 6.9 � 1.9, P = 0.56).27

As shown in Table 3, all cardiac transplant patients
received immunosuppressive medication to prevent trans-
plant rejections. The majority of them took tacrolimus
(82%), whereas only a small percentage took cyclosporine
(16%). Further, 89% of the subjects in this group received

prednisone therapy. A high percentage of patients in both
the HF and HTx groups were either on aspirin (77% and
66%, respectively) or coumadin (44% in the HF group).

Serum bone metabolism and inflammation
markers

We analysed systemic bone metabolism and inflammation
markers to determine the impact of HF and HTx. We investi-
gated bone formation markers P1NP and osteocalcin, bone
resorption marker CTX, and TNF-α as a measure of systemic
inflammation. Furthermore, we evaluated levels of
calciotropic hormones 25-OHD and PTH. Advanced HF is
associated with renal insufficiency, resulting in abnormal
vitamin D metabolism that can lead to secondary hyperpara-
thyroidism and may contribute to bone loss in advanced
HF.28,29 In addition, an association between periodontal
disease and lower 25-OHD levels has been reported.30,31

Pro-inflammatory TNF-α was significantly higher in serum
of HF and HTx subjects compared with controls (Figure 1A),
while 25-OHD was lowest in HF subjects (HF vs. HTx,
P < 0.05, Figure 1B) with similar values in controls and HTx
patients. PTH, a measure of osteoclastic activity and bone
resorption, typically varies inversely with 25-OHD.32 In our
study population, HF and HTx subjects had comparable values
that were significantly higher than in controls (Figure 1C).

The bone resorption marker CTX was highest in HF
subjects. When the natural log of the CTX values was
analysed, statistically significant differences were found
between HF and controls (Figure 1D). Opposite to CTX, bone
formation markers osteocalcin and P1NP did not differ much
between groups (Figures 1E/F).

Table 2 Laboratory parameters

Control (n = 32) Heart failure (n=39) Heart transplant (n = 38)

WBC (×103/μL) N/A 6.9 � 2.0 6.7 � 2.4
Haematocrit (%) N/A 39.1 � 4.8 38.0 � 4.7
Platelet (×103/μL) N/A 206 � 46 195 � 68
Glucose (mg/dL) 98 � 14 114 � 42 122 � 63
HbA1c (%) N/A 6.9 � 1.7 6.9 � 1.9
Sodium (mEq/L) 147 � 12 137 + 3a 139 � 3a

Potassium (mEq/L) 4.5 � 0.5 4.4 � 0.5 4.3 � 0.4
Calcium (mg/dL) 10.3 � 1.0 9.3 � 0.5a 9.4 � 0.4a

Chloride (mEq/L) 110 � 10 101 � 4a 104 � 4a

Blood urea nitrogen (mg/dL) 16.5 � 4.7 28.8 � 20.8a 30.2 � 11.2a

Creatinine (mg/dL) 1.0 � 0.2 1.6 � 1.7 1.5 � 0.5
Total protein (g/dL) 7.7 � 0.8 7.3 � 0.8a 6.8 � 0.6a, b

Albumin (mg/dL) 4.9 � 0.4 4.3 � 0.5a 4.2 � 0.3a

Total bilirubin (mg/dL) 0.49 � 0.16 0.84 � 0.59a 0.70 � 0.36
Direct bilirubin (mg/dL) 0.10 � 0.02 0.24 � 0.29a 0.15 � 0.09
Aspartate aminotransferase (U/L) 25.3 � 19.9 25.1 � 14.4 22.2 � 9.4
Alanine transaminase (U/L) 25.6 � 15.4 28.1 � 29.4 20.5 � 12.2
Alkaline phosphatase (U/L) 71.6 � 19.1 92.3 � 47.2a 73.2 � 24.9b

eGFR (mL/min/1.73 m2) 75.7 � 22.1 64.8 � 23.2 53.1 � 15.6a, b

eGFR, estimated glomerular filtration rate; WBC, white blood cell.
Values are expressed as mean � standard deviation.
aSignificantly different from control.
bSignificantly different from heart failure.

Table 3 Medical therapy

Control
(n = 32)

Heart failure
(n = 39)

Heart transplant
(n = 38)

Aspirin 2 (6) 30 (77) 25 (66)
Statins 3 (9) 25 (64) 26 (68)
Insulin 0 (0) 8 (21) 10 (26)
Oral antidiabetic agents 0 (0) 5 (13) 1 (3)
Coumadin 0 (0) 17 (44) 0 (0)
Anti-arrhythmics 0 (0) 14 (36) 0 (0)
B-blockers 0 (0) 33 (85) 6 (16)
Diuretics 0 (0) 34 (87) 9 (24)
Calcium channel blockers 0 (0) 2 (3) 10 (26)
ACE inhibitor/ARBs 0 (0) 32 (79) 7 (18)
Vasodilators 0 (0) 5 (13) 0 (0)
Digoxin 0 (0) 17 (44) 1 (3)
PPIs 0 (0) 11 (28) 22 (58)
Immunosuppressive
Tacrolimus 0 (0) 0 (0) 31 (82)
Mycophenolate 0 (0) 0 (0) 25 (66)
Prednisone 0 (0) 0 (0) 34 (89)
Cyclosporine 0 (0) 0 (0) 6 (16)
Sirolimus 0 (0) 0 (0) 4 (11)
Azathioprine 0 (0) 0 (0) 3 (8)

ACE, angiotensin converting enzyme; ARBs, angiotensin II receptor
blocker; PPIs, proton pump inhibitor.
Values are expressed as number (percentage).
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Periodontal examination

During periodontal examination, no oral soft tissue lesions
were detected. The mean number of missing teeth was com-
parable between all groups (HF: 6.7 � 7.3, HTx: 4.8 � 7.1,
Control: 3.9 � 4.2; P = 0.178).

As shown in Figure 2A–C, subjects in the HF group show
the highest measures of periodontal disease (PD, CAL, CPD)
as compared with HTx and control subjects. CPD, a cumula-
tive measure for periodontal pockets greater than 3 mm,24

was significantly higher in HF subjects as compared with con-
trols and also HTx patients (Figure 2C). It had been described
in previous studies that saliva or gingival crevicular fluid

(GCF) could be used to analyse inflammatory markers indica-
tive of the host inflammatory response as a result of peri-
odontal disease occurrence.25,33,34 In a sub-analysis of our
HF population, we analysed β-glucuronidase in saliva and
IL-1β in saliva and GCF. CPD, a cumulative measure for peri-
odontal pocketing, correlated significantly with β-
glucuronidase in saliva (r = 0.4863, P < 0.01), IL-1β in saliva
(r = 0.5149, P < 0.01), and GCF (r = 0.6056, P < 0.001)
(Figure 3).

Plaque accumulation causes an inflammatory reaction in
the gingiva and, therefore, plaque and BOP are commonly
used to determine oral hygiene status.23 Despite having sim-
ilar plaque values that were significantly higher than in the

Figure 1 Comparison of bone metabolic and inflammatory markers between controls, patients with heart failure, and patients that had undergone
cardiac transplantation. Data are presented as mean � standard deviation. Transformed data are labeled as natural log data. (A) Natural log data: tu-
mour necrosis factor-alpha, (B) natural log data: 25-hydroxyvitamin D, (C) natural log data: parathyroid hormone, (D) natural log data: cross-linked C-
terminal telopeptide of type I collagen, (E) natural log data: osteocalcin, and (F) procollagen-1 N-terminal peptide. *P < 0.05, **P < 0.01,
***P < 0.001.
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control group (Figure 2D), only subjects with HF presented
with significantly higher BOP values when compared with
controls (Figure 2E).

Measures of periodontal disease and periodontal disease
severity were adjusted to determine whether systemic and
local factors might account for the association between HF
and periodontal disease. PD, CAL, and CPD were adjusted
for 25-OHD serum levels, race, plaque, and BOP. These pa-
rameters were included by being a risk factor for periodontal
disease22 or being found to be significantly different during
patient evaluation. As a result, means were still different;
however, significances between all three groups disappeared.
Because of its potential impact on the periodontal condition,
we further included diabetes in our adjusted model. This did

not change the outcome of the analysis—significances be-
tween groups still disappeared.

Discussion

This is the first cross-sectional study that examines the prev-
alence of periodontitis, systemic measures of inflammation
and bone metabolism in patients with HF, patients after
HTx, and a control population. Currently, there is only one
study that described an increased rate of periodontal disease
(76% for moderate to severe chronic periodontitis) in HF pa-
tients, which is comparable with the 69% we detected and

Figure 2 Comparison of periodontal markers between controls, patients with heart failure, and patients that had undergone cardiac transplantation.
Data are presented as mean � standard deviation. Transformed data are labeled as natural log data (A) periodontal pocket depth, (B) clinical attach-
ment loss, (C) natural log data: cumulative probing depth, (D) % of sites with plaque, 1 = 100% (F) bleeding on probing, 1 = 100% *P< 0.05, **P< 0.01,
***P < 0.001.
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considerably more than the 47.2% that had been described
for the general population.10,19 However, the study by
Lessem et al.19 was a retrospective case-record study that
only used dental radiographs to categorize periodontal sta-
tus, and findings were not adjusted for potential con-
founders. Our study involved actual clinical periodontal
examination in HF patients before and after HTx and non-
HF controls and showed increased measures of periodontal
disease severity in HF subjects; however, adjustment for local
measures of oral hygiene, systemic 25-OHD levels, and race
attenuated significant differences between groups.

Periodontitis is a multifactorial disease in which the host
response plays an important role,15 and recent studies have
placed an emphasis on determining what systemic and local
factors could influence periodontal disease. HF, a pro-
inflammatory debilitating disease, is associated with meta-
bolic imbalances that impacts multiple organs and associated
metabolic pathways.4 HF and HTX subjects in our study show
a range of comorbidities associated with their medical history
that distinguishes them from their non-HF controls. They
show a higher rate of diabetes, a known risk factor for peri-
odontal disease,35 and we, therefore, corrected all our clinical
and serological markers for diabetes to account for
differences.

HF also negatively impacts bone metabolism,7 which is
reflected in our current data showing that specifically bone
resorption marker CTX is the highest in HF patients as com-
pared with controls. Further, our data indicate that despite
the improvement in cardiac function after HTx, CTX does
not decrease substantially, and TNF-α is significantly elevated
in both HF and HTx subjects as compared with controls. This
is opposite to previous work by Shane et al.29 demonstrating

that bone resorption markers are only increased during the
first month post-HTx and then return to baseline by 6 months.
The authors had attributed their findings to the high rates of
bone loss in the pre-transplant population, a result of HF on
skeletal bone remodelling, and also to post-transplant medi-
cation such as prednisone.36 HTx subjects in our study group
were on average transplanted 46 months ago and still
displayed high markers of bone resorption. Perhaps, elevated
TNF-α levels in our HTx group are an indicator for a persistent
pro-inflammatory state despite an improved cardiac function
that could negatively impact measures of bone metabolism.
Our work and others’ work demonstrated that increased
levels of markers of bone resorption can be associated with
increased periodontal disease severity and progression.17,31

This is in line with our data showing that HF subjects present
with more severe periodontal disease in addition to in-
creased bone turnover markers.

Vitamin D status and bone metabolism are closely related,
and it has been shown that low 25-OHD levels can negatively
impact biochemical markers of bone turnover. PTH (a mea-
sure of bone resorption) typically varies inversely with 25-
OHD,32 and increased CTX levels may be related to the rela-
tively low 25-OHD and higher PTH levels noted in our HF pa-
tient population. Further, an association between periodontal
disease, gingival inflammation, and lower 25-OHD levels has
been reported.30,31 Studies that evaluated thresholds for se-
rum 25-OHD in relation to bone mineral density, dental
health, and fractures suggest that advantageous 25-OHD se-
rum concentrations begin at 30 ng/mL.37 When 25-OHD
levels were presented without the natural log as ng/mL, 25-
OHD values are below the 30 ng/mL threshold in our HF
group (23.68 ng/mL� 14.67), whereas HTx and controls were
at 30.34 ng/mL � 12.95 and 30.98 ng/mL � 23.11,
respectively.

BOP, an indicator for local gingival inflammation, has been
discussed as predictive measure that can foretell periodontal
tissue breakdown.38 It can be influenced by local factors such
as plaque accumulation but also by systemic medication.39

Our data show that BOP was higher in HF and HTx subjects
as compared with controls. Interestingly, despite having sim-
ilar plaque measures, only BOP in HF patients was signifi-
cantly elevated as compared with controls. This could be
related to the medication in HTx patients as 89% received
prednisone that might have reduced or masked the local in-
flammatory response to plaque accumulation.39 At the same
time, BOP in HF patients could have been more pronounced
because of the high percentage of HF patients that were on
aspirin (77%) or coumadin (44%). Elevated BOP is often ob-
served in patients taking these medications.40 When
adjusting periodontal measures for BOP, plaque, race, and
25-OHD, not only did significant differences in periodontal
measures disappear but BOP seems to be the determining
factor that correlates with PD, CPD, and CAL (P < 0.001,
P < 0.01, P < 0.05, respectively). As mentioned, BOP can

Figure 3 Saliva and gingival crevicular fluid analysis. Local inflammatory
markers are increased and correlate with the presence of periodontal dis-
ease. β-glucuronidase in saliva, interleukin-1β in saliva, and gingival cre-
vicular fluid were analysed in patients with heart failure.
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be influenced not only by plaque accumulation but also by
systemic medication.39 However, opposite to systemic medi-
cation or a complex medical status, local plaque status can
be improved more easily during additional dental visits. This
might then positively impact the periodontal condition and
quality of life in HF patients.20

Our study is limited by the single-centre nature of our pa-
tient cohort, and analysis of patients from different centres
would be beneficial. Further, the control population might
display a higher degree of periodontal disease than the aver-
age general population. Similar to a study by Pischon et al.,
subjects were recruited after presenting to the dental clinic
where they were seeking dental care.41 A recent National
Health and Nutrition Examination Survey (NHANES) study
that utilized a full-mouth periodontal examination described
only a rate of periodontitis in 47% of subjects over 30 years
old.10 Though, our study benefits from the inclusion of a
HTx group that almost could be considered a true control
group because of similar underlying medical condition.

We had performed full-mouth periodontal evaluation and
determined CPD.24 Opposite to CAL and PD, it only calculates
periodontal pockets deeper than 3 mm. It has been shown that
those pockets could potentially provide the anaerobic condi-
tions that are necessary for periodontal pathogens to thrive
putting these pockets at greater risk for further tissue break-
down.42 It has been suggested that the use of saliva may pro-
vide a more global measure of the oral inflammatory burden
throughout the mouth.43 When analysing β-glucuronidase, a
cytoplasmic enzyme released by activated neutrophils that is
responsible for degradation of proteoglycans and ground sub-
stance44,45 and inflammatory IL-1β, we found a positive correla-
tion between the levels of IL-1β and β-glucuronidase in the
saliva and GCF and CPD (PD > 3 mm). These findings support
the trend observed in other studies that have demonstrated
that the level of pro-inflammatory cytokines in the saliva and
GCF is associated with the level of periodontal disease as
reflected by the clinical periodontal parameters.25,33,34,46,47

The cross-sectional study design precludes us from identi-
fying biological mechanism and can only describe association.
Intervention trials that may show whether early treatment of
periodontal disease can improve clinical parameters in pa-
tients with HF and following HTx and might help to distin-
guish between the impact of local versus systemic factors.

In conclusion, we have shown that patients with HF have
slightly more periodontal disease with higher unadjusted
CPD associated with abnormal serum biomarkers when com-
pared with HTx and controls. Further, periodontal disease se-
verity was detectable in saliva and GCF making it a potential
useful screening tool for identifying the need for periodontal
treatment in patients with advanced HF. As of yet, there are
no guidelines describing the necessity and management of
dental-periodontal care in patients with HF and after HTx.
Perhaps there is a need for a close interaction between phy-
sicians and dentists to improve patient care.
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