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ABSTRACT
Background: Poor oral health status can lead to a deteriorated level of
general health and is common among patients undergoing cardio-
vascular surgery. However, the effect of oral health status on post-
operative outcomes in cardiovascular surgery patients remains
unclear. Thus, we investigated the effect of preoperative oral health
status on postoperative complications and functional recovery after
cardiovascular surgery.
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R�ESUM�E
Contexte : Une mauvaise sant�e buccodentaire peut avoir des
r�epercussions n�efastes sur la sant�e g�en�erale et est fr�equemment
observ�ee chez les patients subissant une intervention chirurgicale
cardiovasculaire. Cependant, l’effet de l’�etat de sant�e buccodentaire
sur les issues postop�eratoires chez les patients ayant subi une telle
intervention est mal connu. Nous avons donc �etudi�e l’effet de l’�etat
de sant�e buccodentaire avant l’intervention sur les complications
Poor oral health status is common among older hospitalized
patients. More than 90% of patients in acute care hospitals
reportedly experience impaired oral health.1 In particular, pa-
tients with cardiovascular disease (CVD) have a high prevalence
of poor oral health status due to comorbidities associated with
periodontal disease.2 Furthermore, cardiovascular surgery
further impairs oral health status due to prolonged perioperative
endotracheal intubation.3,4

Recently, decreased oral function has been referred to as “oral
frailty.”5 Oral frailty is defined as a series of phenomena and
processes that lead to changes in various oral conditions asso-
ciated with aging, which is accompanied by decreased interest in
oral health.5 Increased oral frailty leads to deterioration of
physical and mental function and the development of physical
frailty.5 Because oral frailty could lead to frailty progression via
malnutrition or chronic inflammation, detailed countermea-
sures are required.6 Oral frailty can be reversed by various in-
terventions according to each frailty level. Thus, awareness of
oral frailty could prevent frailty progression and break the -vi-
cious cycle that could lead to further increase of frailty.

Furthermore, preoperative frailty in cardiovascular surgery
patients is a known independent predictor of mortality or
major morbidity and decreased functional recovery in the
rehabilitation setting.7-9 Perioperative oral intervention and
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Methods: This single-centre retrospective cohort study included 884
inpatients undergoing elective cardiovascular surgery. Oral health
status was assessed based on the number of remaining teeth, use of
dentures, occlusal support, and periodontal status. We investigated
postoperative complications related to surgery and postoperative
functional recovery by measuring the reacquisition of walking ability,
activities of daily living, and length of postoperative hospital stay.
Results: In this cohort (age 66.9 � 13.4 years), the mean number of
remaining teeth was 18.7 � 9.4. Patients were grouped based on
tertiles of the data distribution of remaining teeth: � 20 teeth (470
patients); 10-19 teeth (137 patients); < 10 teeth (185 patients). The
number of missing teeth was associated with age (P < 0.001). The
prevalence of postoperative pneumonia and reintubation after surgery
was 3.2% and 2.5%, respectively, which was significantly higher in
patients with severe tooth loss (P < 0.05 for both). After adjusting for
age and other confounding factors, the number of remaining teeth was
a statistically significant predictor of functional recovery (P < 0.05).
Conclusions: Preoperativeoral health statuswas related topostoperative
respiratory complications and independently associated with functional
recovery. Preoperative oral intervention may improve functional recovery
after cardiovascular surgery.

postop�eratoires et le r�etablissement fonctionnel après une intervention
chirurgicale cardiovasculaire.
M�ethodologie : Cette �etude de cohorte r�etrospective men�ee dans un
seul centre r�eunissait 884 patients subissant une intervention chi-
rurgicale cardiovasculaire non urgente. L’�etat de sant�e buccodentaire
des patients a �et�e �evalu�e en fonction du nombre de dents restantes,
du recours à des prothèses dentaires, de la pr�esence d’appuis
occlusaux et de la sant�e parodontale. Nous avons examin�e les cas de
complications postop�eratoires li�ees à l’intervention chirurgicale ainsi
que le r�etablissement fonctionnel après l’intervention en �evaluant la
r�eacquisition de la capacit�e de marcher, la capacit�e d’accomplir les
activit�es de la vie quotidienne et la dur�ee du s�ejour à l’hôpital après
l’intervention.
R�esultats : Dans cette cohorte (âgemoyen : 66,9�13,4 ans), les sujets
avaient en moyenne 18,7 � 9,4 dents restantes. Les patients ont �et�e
r�epartis en trois groupesen fonctiondunombrededents restantes :�20
dents (470 patients); de 10 à 19 dents (137 patients);< 10 dents (185
patients). Il y avait un lien entre le nombre de dentsmanquantes et l’âge
(p < 0,001). La pr�evalence des cas de pneumonie postop�eratoire et de
r�eintubation après l’intervention s’�etablissait à 3,2 % et à 2,5 %,
respectivement, et �etait significativement plus �elev�ee chez les patients à
qui il restait très peu de dents (p < 0,05 dans les deux cas). Après
correction pour tenir comptede l’âgeet d’autres facteurs de confusion, le
nombre de dents restantes s’est r�ev�el�e être un facteur de pr�ediction
statistiquement significatif du r�etablissement fonctionnel (p < 0,05).
Conclusions : L’�etat de sant�e buccodentaire avant l’intervention chi-
rurgicale �etait li�e à des complications respiratoires postop�eratoires et
associ�e de manière ind�ependante au r�etablissement fonctionnel. Des
soins buccodentaires pr�eop�eratoires pourraient am�eliorer le
r�etablissement fonctionnel après une intervention chirurgicale
cardiovasculaire.
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optimal strategies for such intervention are recommended;
however, the effect of oral health status on postoperative
outcomes in cardiovascular surgery patients is rarely consid-
ered.10 Importantly, postoperative functional recovery or ac-
tivity of daily living (ADL) is of crucial importance because
inadequate functional recovery or ADL at discharge predicts
adverse cardiac events over the next year.11,12 Therefore, we
investigated the relationship between preoperative oral health
status and functional recovery or postoperative outcomes after
cardiovascular surgery.

Methods

Study population

This retrospective cohort study was conducted from May
2014 to December 2018 at a single university hospital located
in an urban area of Japan. We enrolled 884 consecutive in-
patients who underwent elective cardiovascular surgery and
were able to walk independently with or without a walking aid
before surgery. Patients who had neurologic or severe ortho-
pedic disease in whom postoperative rehabilitation was not
achieved, and those for whom oral function could not be
evaluated before surgery, were excluded (Fig. 1). This study
complied with the principles of the Declaration of Helsinki
regarding investigations in human subjects and was approved
by the Kobe University Institutional Review Board (approval
no. 190064). Because of the retrospective study design, we
used the opt-out method for obtaining consent.
Patients’ clinical characteristics

We evaluated the baseline characteristics, including socio-
demographic data, laboratory data, comorbidities, medica-
tions, echocardiographic data, and operative risk scores, such
as the European System for Cardiac Operative Risk Evalua-
tion (EuroSCORE) II.13 Nutritional status at baseline was
assessed using the Mini Nutritional Assessment Short-Form
(MNA-SF).14 Physical function was assessed using the Short
Physical Performance Battery (SPPB), handgrip strength, and
muscle mass.15 Muscle mass was estimated according to the
cross-sectional areas of the left and right psoas muscles at the
level of the transverse process of L3 divided by the height
squared and diagnosed as previously described.16 Post-
operative clinical variables included hospital mortality and
postoperative complications associated with surgery, such as
postoperative pneumonia and renal failure. Postoperative
pneumonia was defined as a clear diagnosis of pneumonia on
computed tomography or suspected pneumonia on computed
tomography with a fever of least 38 �C and blood leukocytosis
of least 11,000/mL, with no other site of infectious disease.17

Assessment of oral status and perioperative oral
interventions

Participants underwent oral examinations by a trained
dentist and dental hygienist within 1 week before surgery. All
patients underwent routine panoramic radiography. The oral
examination consisted of counting the remaining and



Assessment of functional recovery (n=780) 

Consecutive patients undergoing elective cardiac surgery 
who were able to walk independently (n=884)

Assessment of postoperative complications (n=792) 

Excluded (n=92)

Oral assessment not completed (n=50)

History of neurological diseases (n=22)

History of orthopedic diseases (n=20)

Hospital death (n=12)

Figure 1. Flowchart of patients in the study.
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functional teeth, defined as the sum of the numbers of natural
teeth, implant-supported artificial teeth, and fixed and
removable prostheses. Severely decayed teeth and teeth stumps
were not considered functional teeth. All dental diseases
(caries, apical periodontitis, marginal periodontitis, and
impacted wisdom teeth), unfitted dental restorations (inlay,
crown, or bridge), and denture use were evaluated. Dentists
carefully evaluated loose teeth at high risk of avulsion during
intubation and planned the timing of prophylactic dental
extraction, as necessary. Teeth with marginal periodontitis
with severe mobility were candidates for prophylactic dental
extraction. When patients required immediate surgery, inva-
sive tooth extraction and scaling were generally avoided, and
non-preservable teeth were conservatively treated, even if their
condition warranted extraction.

All patients underwent professional mechanical tooth
cleaning by a trained dental hygienist. Based on the number of
decayed (D), missing (M), and filled (F) teeth (T), the DMF-
T index was determined.18 The DMF-T index enables con-
clusions regarding the caries experience of an individual.
Occlusal support was classified according to the Eichner in-
dex,19 a widely used index to assess occlusal support status
based on existing natural teeth contact. We divided patients
into 3 groupsdGroup A: natural dentition with adequate
function; Group B: partially or fully edentulous but main-
taining functional occlusion with dentures in either or both
jaws; and Group C: functionally inadequate occlusion with no
dentures. The Community Periodontal Index of Treatment
Needs (CPITN) was used to assess periodontal status.20 The
CPITN measures the following: no treatment needs (CPI 0),
bleeding gingiva on gentle probing (CPI 1), presence of supra-
or sub-gingival calculus or other plaque-retentive factors (CPI
2), 4- or 5-mm-deep periodontal pockets (CPI 3), and 6-mm
or deeper periodontal pockets (CPI 4). Preoperative oral
health assessment by dentist and dental hygienist took
approximately 30 minutes to 1 hour, including professional
mechanical tooth cleaning.

Functional recovery

All patients underwent postoperative rehabilitation from
the day following surgery, according to the Japanese Circu-
lation Society guidelines for rehabilitation in patients with
CVD.21 We investigated postoperative reacquisition of
walking ability, postoperative ADL, and length of post-
operative hospital stay as indicators of postoperative functional
recovery. Reacquisition of walking ability was defined as the
ability to walk 100 m without supervision by medical staff,
regardless of the duration or whether a brace or walking aid
was used.8,22 To evaluate ADL, the Barthel index was
measured at hospital discharge.23

Statistical analysis

We conducted statistical analyses after confirming that
the data were normally distributed using the Shapiro-Wilk
test. To explore the association between oral status and
clinical characteristics, patients were stratified into 3 groups
according to the baseline number of remaining teeth (� 20,
10-19, < 10), as previously described.24,25 Continuous
variables were expressed as mean � standard deviation and
compared using 1-way analysis of variance. Categorical
variables are expressed as numbers (percentages), and
Fisher’s exact test was used to evaluate the differences. Post-
hoc analyses were performed using the Bonferroni correc-
tion for multiple comparisons, when appropriate. Multiple
regression analyses were performed for postoperative



Table 1. Baseline clinical characteristics of the patients according to the number of remaining teeth

Variable

Number of teeth

P� 20 10-19 < 10

Number 470 137 185
Age, y 62.50 � 13.95*,y 70.94 � 8.60y 74.11 � 8.47 < 0.001
Sex, female 325 (69.1)* 78 (56.9) 121 (65.4) 0.028
BMI, kg/m2 23.45 � 4.47 22.62 � 4.25 23.06 � 4.07 0.125
Lab data

Albumin, g/dL 4.05 � 1.87 3.82 � 0.73 4.06 � 2.83 0.461
BNP, pg/mL 210.32 � 177.36 247.58 � 249.86 347.48 � 210.86 0.284
Hemoglobin, g/dL 12.93 � 2.24*,y 12.13 � 2.60 12.40 � 2.48 0.001
eGFR, mL/min per 1.73 m2 60.50 � 25.81*,y 51.45 � 23.48 48.98 � 25.67 < 0.001
CRP, mg/dL 0.42 � 1.01 0.46 � 1.11 0.50 � 0.95 0.679

Comorbidity
Diabetes 75 (16.0)y 23 (16.8) 52 (28.1) 0.007
COPD 162 (34.5)y 68 (49.6) 95 (51.4) < 0.001
Hypertension 286 (60.9)y 98 (71.5) 144 (77.8) < 0.001
Previous stroke 11 (2.3) 4 (2.9) 9 (4.9) 0.19
Dyslipidemia 156 (33.2) 51 (37.2) 83 (44.9) 0.074
Chronic kidney disease 214 (45.5)y 84 (61.3) 119 (64.3) <0.001
Atrial fibrillation 100 (21.3) 33 (24.1) 48 (25.9) 0.723
Smoking 38 (8.1) 6 (4.4) 14 (7.6) 0.68
Hemodialysis 19 (4.0) 11 (8.0) 7 (3.8) 0.309
LVEF, % 58.16 � 14.73 59.73 � 14.85 57.87 � 15.56 0.492

NYHA class 0.251
I 206 (43.8) 49 (35.8) 91 (49.2)
II 212 (45.1) 71 (51.8) 80 (43.2)
III 45 (9.6) 16 (11.7) 13 (7.0)
IV 7 (1.5) 1 (0.7) 1 (0.5)

MNA-SF 12.03 � 2.13*,y 11.54 � 2.30y 10.52 � 2.44 < 0.001
Type of surgery < 0.001

CABG 48 (10.2)y 9 (6.6)y 30 (16.2)
Valve 251 (53.4) 71 (51.8) 63 (34.1)
Concomitant 15 (3.2) 6 (4.4) 12 (6.5)
Aortic 156 (33.2) 51 (37.2) 80 (43.2)

EuroSCORE II 5.70 � 2.41*,y 6.85 � 2.44 7.14 � 2.25 < 0.001
Medications

b-blockers 217 (46.2) 64 (46.7) 80 (43.2) 0.799
ACE-I 105 (22.3) 38 (27.7) 41 (22.2) 0.715
ARB 225 (47.9) 72 (52.6) 100 (54.1) 0.285
Statin 172 (36.6) 57 (41.6) 90 (48.6) 0.018
Diuretics 177 (37.7) 62 (45.3) 71 (38.4) 0.517

Physical function
Gait speed, m/s 0.94 � 0.23*,y 1.00 � 0.21 1.06 � 0.22 < 0.001
Handgrip, kg 29.59 � 9.13*,y 25.37 � 7.36 22.84 � 8.36 < 0.001
SPPB, points 11.26 � 1.40*,y 10.69 � 1.73 10.27 � 1.96 < 0.001
Sarcopenia 138 (29.4)y 50 (36.5) 72 (38.9) 0.039

Data are presented as mean � standard deviation or n (%).
ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; BMI, body mass index; BNP, brain natriuretic peptide; CABG,

coronary artery bypass grafting; COPD, chronic obstructive pulmonary disease; CRP, C-reactive protein; eGFR, estimated glomerular filtration rate; EuroSCORE
II, European System for Cardiac Operative Risk Evaluation; LVEF, left ventricular ejection fraction; MNA-SF, Mini Nutritional Assessment-Short Form; NYHA,
New York Heart Association; SPPB, Short Physical Performance Battery.

* Significant difference compared with number of teeth 10-19.
y Significant difference compared with number of teeth < 10.
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functional recovery measured by postoperative reacquisition
of walking ability, postoperative ADL, and length of post-
operative hospital stay as dependent variables, and number
of remaining teeth and other clinical characteristics as in-
dependent variables. Factors theoretically related to post-
operative functional recovery were included as confounding
factors, such as age, sex, body mass index, MNA-SF, SPPB,
EuroSCORE II, postoperative complications, type of sur-
gery, New York Heart Association class, chronic kidney
disease (CKD), and smoking status. The unstandardized
regression coefficient (b) was calculated in the multiple
regression analyses. P-values <0.05 were considered
statistically significant. Statistical analyses were performed
using R, version 2.8.1 (The R Foundation for Statistical
Computing, Vienna, Austria).
Results

Clinical characteristics

Of the 884 patients, 92 were excluded because post-
operative rehabilitation could not be achieved due to neuro-
logic or orthopedic disease in 42 patients, and oral status
could not be assessed in 50 patients. Thus, 792 patients with a



Table 2. Baseline oral health status

Variable Total

Number of teeth

P� 20 10-19 < 10

Number 792 470 137 185
Remaining teeth, n 18.69 � 9.87 25.85 � 2.89*,y 14.98 � 2.98y 3.25 � 3.26 < 0.001
Dentures 276 (34.8) 57 (12.1)*,y 67 (48.9)y 152 (82.2) < 0.001
CPITN, points 2.20 � 1.21 2.34 � 1.01*,y 2.66 � 1.09y 1.46 � 1.18 < 0.001
No. of CPITN �4 137 (17.3) 68 (14.5)* 44 (32.4) y 25 (13.6) 0.001
DMF-T

D-T 0.43 � 1.35 0.47 � 1.37y 0.68 � 1.89y 0.14 � 0.59 0.001
M-T 13.33 � 9.86 6.18 � 2.88*,y 17.02 � 2.98y 28.76 � 3.26 < 0.001
F-T 7.52 � 5.73 9.52 � 5.61*,y 8.24 � 4.07y 1.90 � 2.54 < 0.001

Eichner index < 0.001
Class A 311 (39.3) 308 (65.5)*,y 3 (2.2)y 0 (0.0)
Class B 282 (35.6) 162 (34.5) 108 (78.8) 12 (6.5)
Class C 199 (25.1) 0 (0.0) 26 (19.0) 173 (93.5)

Prophylactic dental extractions before
surgery

96 (12.1) 43 (9.1)* 32 (23.4)y 21 (11.4) < 0.001

Data are presented as mean � standard deviation or n (%).
CPITN, Community Periodontal Index of Treatment Needs; DMF-T; decayed, missing, and filled teeth.
* Significant difference compared with number of teeth 10-19.
y Significant difference compared with number of teeth < 10.
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mean age of 66.9 � 13.1 years were included (Fig. 1). The
number of remaining teeth was associated with aging (P <
0.001; Table 1). Participants with comorbidities such as
hypertension, CKD, chronic obstructive pulmonary disease,
and diabetes had significantly more missing teeth than those
without comorbidities (P < 0.05 for all). Patients with a low
MNA-SF score had significantly fewer remaining teeth (P <
0.001). Furthermore, preoperative physical function mea-
sures such as handgrip strength, gait speed, and SPPB score
were lower in patients with < 10 remaining teeth than in
those with � 20 remaining teeth (P < 0.05 for all). The
mean number of remaining teeth was 18.7 � 9.9 (Table 2).
The prevalence of denture use was 34.8% overall, and the
ratio of denture use was higher in patients with fewer
Table 3. Postoperative course according to number of remaining teeth

Variable

Num

� 20

Number 470
Hospital mortality 6 (1.3)
Postoperative AF 209 (44.5)
Sternal wound infection 8 (1.7)
Delirium 74 (15.7)*,y

Stroke 25 (5.3)
Pneumonia 8 (1.7)y

Tracheostomy 4 (0.9)
Reintubation 4 (0.9)y

Discharge status
Home 423 (90.0)*,y 1
Transfer 41 (8.7)
ICU stay, d 2.08 � 1.54 2.5
Gait independent, d 4.48 � 3.62*,y 6.9
Barthel index, points 96.24 � 9.05*,y 93

Hospital stay, d 20.67 � 11.43*,y 26

Data are expressed as mean � standard deviation or n (%).
AF, atrial fibrillation; ICU, intensive care unit.
* Significant difference compared with number of teeth 10-19.
y Significant difference compared with number of teeth < 10.
remaining teeth. The periodontal status assessed by CPITN
was poorer in the group with fewer remaining teeth. Deeper
periodontal pockets, indicated by a CPITN score �4, were
observed in 137 patients (17.3%). The proportion of patients
with a CPITN score �4 was highest (32.4%) in patients with
10-19 teeth, indicating that periodontitis was more prevalent
among them than among patients with <10 teeth. The
prevalence of occlusal support stratified by the Eichner index
was 39.3%, 35.6%, and 25.1% for Class A, B, and C,
respectively. Occlusal support was better with a higher
number of teeth. A total of 96 patients (12.1%) underwent
prophylactic dental extractions. Patients with 10-19 teeth
required the greatest proportion of tooth extractions before
surgery (P < 0.001).
ber of teeth

P10-19 < 10

137 185
0 (0.0) 6 (3.2) 0.040
58 (42.3) 97 (52.4) 0.488
2 (1.5) 3 (1.6) 0.780
31 (22.6)y 52 (28.1) 0.004
10 (7.3) 17 (9.2) 0.544
6 (4.4) 11 (5.9) 0.015
3 (2.2) 7 (3.8) 0.115
5 (3.6) 11 (5.9) 0.012

< 0.001
10 (80.3)y 125 (67.6)
27 (19.7) 54 (29.2)
5 � 3.38 3.08 � 5.23 0.078
4 � 4.26 7.31 � 4.89 0.002
.27 � 13.57 92.59 � 13.29 0.042
.37 � 11.07y 28.27 � 15.13 0.005



Table 4. Multivariate regression analysis of functional recovery after surgery

Variable

Independent walking
R2 ¼ 0.24

Adjusted R2 ¼ 0.20
P < 0.0001
F ¼ 5.49

Barthel index
R2 ¼ 0.34

Adjusted R2 ¼ 0.31
P < 0.0001
F ¼ 14.34

Length of hospital stay
R2 ¼ 0.36

Adjusted R2 ¼ 0.32
P < 0.0001
F ¼ 8.90

Standardized b (95% CI) P Standardized b (95% CI) P Standardized b (95% CI) P

Age e0.05 (e0.15 - 0.04) 0.33 e0.11 (e0.23 - e0.02) 0.02 0.05 (e0.18 - 0.64) 0.27
Sex, female e0.07 (e1.05 - 0.35) 0.33 e0.06 (e1.97 - 0.71) 0.36 e0.01 (e5.63 - 4.76) 0.87
BMI e0.08 (e0.26 - 0.07) 0.24 0.18 (e0.11 - 0.38) 0.11 0.09 (e0.16 - 1.93) 0.57
MNA-SF e0.12 (e0.43 - 0.06) 0.08 0.13 (0.05 - 1.16) 0.03 e0.09 (e4.18 - e0.05) 0.02
SPPB e0.32 (e1.50 - e0.19) <0.001 0.47 (0.26 - 3.71) < 0.001 e0.10 (e6.78 - e0.05) 0.01
EuroSCORE II 0.10 (e0.03 - 0.30) 0.11 0.01 (e0.29 - 0.35) 0.86 e0.03 (e1.43 - 0.56) 0.39
Number of teeth e0.11 (e1.1 - e0.10) 0.02 0.18 (0.04 - 0.20) 0.01 e0.28 (e1.54 - e0.17) 0.01
Postoperative pneumonia 0.13 (e1.09 - 2.00) 0.51 e0.24 (e5.35 - e0.13) 0.02 0.35 (0.15 - 1.15) 0.01
Type of surgery 0.11 (e1.20 - 3.45) 0.78 e0.05 (e5.57 - 3.47) 0.65 e0.07 (e12.14 - 3.81) 0.31
NYHA class 0.05 (e0.18 - 1.44) 0.13 e0.08 (e3.16 - e0.07) 0.03 0.11 (0.05 - 14.21) 0.02
Chronic kidney disease 0.02 (e0.56 - 0.73) 0.79 0.04 (e0.84 - 1.63) 0.33 0.08 (e0.15 - 9.21) 0.10
Smoking 0.04 (e0.47 - 0.88) 0.55 e0.04 (e1.73 - 0.81) 0.48 0.01 (e4.56 - 5.49) 0.86

Data are presented as mean � standard deviation, or n (%).
BMI, body mass index; CI, confidence interval; EuroSCORE, European System for Cardiac Operative Risk Evaluation; MNA-SF, Mini Nutritional Asses-

smentdShort Form; NYHA, New York Heart Association; SPPB, Short Physical Performance Battery.
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Postoperative complications and functional recovery

Hospital mortality was significantly different based on the
number of remaining teeth; however, the difference was not
statistically significant in the analysis of variance post-hoc
analysis (Table 3). The prevalence of postoperative delirium
was significantly higher in patients with fewer teeth (P ¼
0.004). The incidences of postoperative pneumonia and
reintubation were significantly higher in patients with <10
remaining teeth than in patients with � 20 teeth (P < 0.05
for each). Nevertheless, the association between postoperative
pneumonia or reintubation and the number of remaining
teeth was not statistically significant after adjusting for other
confounding variables in multivariable logistic regression
analysis (P ¼ 0.07 and P ¼ 0.08, respectively). The results of
the multiple regression analysis for predicting the progress of
postoperative rehabilitation are shown in Table 4. After
adjusting for all confounding factors, the number of teeth
remained a statistically significant predictor of functional re-
covery, that is, length of hospital stay, days to postoperative
independent walking, and Barthel index after surgery (P <
0.05: adjusted R2 ¼ 0.36, 0.24, and 0.34, respectively).
Discussion
To the best of our knowledge, this is the first study to

demonstrate the relationship between oral health status and
postoperative outcomes in patients after cardiovascular sur-
gery. The incidence of postoperative respiratory complications
was significantly higher in patients with severe tooth loss.
Furthermore, the number of remaining teeth was indepen-
dently associated with functional recovery after adjustment for
other confounding variables.

The oral cavity is an important part of human health, and
the number of remaining teeth represents comprehensive oral
function. Healthy older individuals with > 20 teeth report-
edly maintained several oral function criteria across the aging
process, including oral mucosal wetness, occlusal force, lip
motor function, masticatory function, and swallowing func-
tion.26 Thus, we focused on the number of teeth as a simple,
easy-to-understand, and clinically applicable index of oral
health. In the present study, 59.3% of patients had � 20
teeth, which is substantially lower than the number in age-
matched healthy populations (73.0%).27 There may be
several explanations for this difference. First, tooth loss reflects
an accumulation of oral inflammation and contributes to
CVD. Enhancement of inflammation mediators such as cy-
tokines triggers periodontal disease that may spread systemi-
cally and is involved in the onset and progression of
cardiometabolic disorders.28 Moreover, periodontal disease is
a cause of tooth loss.29 Second, a high prevalence of smoking
causes poor oral health status and CVD risk.30 Although all
patients were instructed to stop smoking before cardiovascular
surgery, smoking rates remained high in this study. Third,
patients with increased tooth loss may have attenuated
mastication, which could lead to poorer nutrient intake. Oral
dysfunction is associated with inadequate nutrient intake,
which increases the risk of CVD.31-33 Fourth, diabetes is a
well-known major risk factor for CVD.34 Moreover, Demmer
et al. showed that periodontitis and diabetes could be bidi-
rectional, and periodontitis severity was associated with dia-
betes risk.35 In our cohort, having fewer remaining teeth
(<10) was associated with incident diabetes more than having
>10 teeth, consistent with the previous study. It is plausible
that poor oral health is more common, collectively, in car-
diovascular surgery patients, and we demonstrated this rela-
tionship for the first time in a large cohort.

Oral health status was an independent predictor of func-
tional recovery after cardiovascular surgery. Among many
assessment tools of oral health status, the number of teeth was
the most sensitive for predicting the progress of rehabilitation.
Nutritional status may mediate between oral function and
functional recovery. We previously reported that preoperative
nutritional status or dietary intake was an independent pre-
dictor of rehabilitation progress after cardiac surgery.9,36

Perioperative low-protein intake was associated with
increasing catabolism and inhibiting anabolism of muscle
mass, which slowed functional recovery. Highly invasive sur-
gery, such as cardiopulmonary bypass, results in muscle
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catabolism that greatly enhances whole-body protein loss,
indicating increased breakdown of muscle proteins, particu-
larly myofibrillar proteins.37 Preoperative malnutrition and
insufficient postoperative dietary intake, due to oral problems,
are highly suggestive of a prolongation of the catabolic reac-
tion and further decline in nutritional status. Systemic in-
flammatory processes caused by poor oral health may enhance
the catabolic reaction. Additionally, poor oral health is asso-
ciated with many chronic illnesses, such as diabetes and CKD,
that cause a decrease in the functional reserve capacity, leading
to prolonged functional recovery.24

Physical function was also an important predictor of
postoperative rehabilitation progress. Here, individuals with
�20 teeth had significantly better physical function than
those with <20 teeth. Evidence to demonstrate the relation-
ship between oral health status and physical function in CVD
patients has been insufficient; nevertheless, a large cohort
study revealed that a low number of natural teeth was asso-
ciated with physical frailty or mortality in community-
dwelling older individuals.38 Our findings confirmed an as-
sociation between oral health status and physical function,
even in cardiovascular surgery patients. Moreover, after
adjusting for physical function, the number of teeth remained
an independent predictor of functional recovery. Oral status
might be predictive of frailty development and postoperative
rehabilitation progress after cardiovascular surgery. Thus, the
number of remaining teeth may be used to screen for physical
frailty.

The incidence of postoperative pneumonia was higher in
patients with <10 remaining teeth. The oral cavity may be an
important reservoir of bacteria responsible for causing lung
infection, potentially leading to ventilator-associated pneu-
monia.39 Bergan et al. demonstrated that poor oral health
status increased the risk of postoperative pneumonia after
cardiac surgery.40 In recent years, preoperative oral interven-
tion has received considerable attention for its effectiveness in
preventing nosocomial pneumonia in cardiovascular surgery
patients.10,40,41 Suzuki et al. revealed that preoperative peri-
odontal treatment can reduce the risk of postoperative infec-
tion.42 On the other hand, a recent systematic review
demonstrated that it is unclear whether dental treatment
before cardiovascular surgery prevents postoperative compli-
cations or not.43 Although the details of the specific in-
terventions and timing are controversial, early detection of
oral problems to facilitate and evaluate oral care procedures is
required to prevent postoperative respiratory complications
and facilitate functional recovery in older patients. In clinical
practice, careful attention must be paid to oral health condi-
tions, and a strategy for improving oral hygiene practices,
promoting the retention of natural teeth, and preoperative oral
care is critical. Older frail patients who are at high risk of
surgery and decreased reserve capacity would benefit most
from oral examination and preoperative intervention.7 A
nationwide survey in Japan reported that CVD patient care
was provided by various staff members and doctors.44 A
multidisciplinary team approach is superior to standard care in
cardiac surgery patients to reduce the risk of readmission,45

consistent with our findings. Further studies are required to
elucidate the effect of a multidisciplinary approach on post-
operative rehabilitation, long-term prognosis, and patient-
reported outcomes.
There are several limitations to this study. First, this was a
retrospective single-centre cohort study with a limited sample
size. Generalizability was limited because of selection bias;
however, multiple regression analysis was used to adjust for
baseline characteristics and confirm the results. Second, the
follow-up period was the duration of the hospital stay. Thus,
the effect of oral health status on long-term prognosis and
patient-reported outcomes cannot be discussed. Third,
because of the retrospective design, details of oral health sta-
tus, including swallowing function, oral diadochokinesis, and
mastication ability, were unavailable. Masticatory muscle
strength and power could be correlated with whole-body
muscle strength or muscle mass. Fourth, oral health can be
attributed to various factors, and there are unknown con-
founding factors that have not been investigated in this study,
such as economic status and patients’ health literacy. Thus,
further interventional studies for oral health are needed to
clarify the effect of oral status on patient outcomes. Despite
these limitations, this is the largest study to demonstrate the
effects of preoperative oral health status on postoperative
outcomes and include a comprehensive assessment of oral
health. The results of the present study are unique and pave
the way for future clinical studies for multidisciplinary
professionals.
Conclusions
Oral health status deteriorated in patients with severe tooth

loss compared with an age-matched population. The inci-
dence of postoperative pneumonia was higher in patients with
severe tooth loss. Moreover, preoperative oral health status
was independently associated with functional recovery. Our
findings demonstrate the importance of evaluating preopera-
tive oral health status for postoperative outcomes. The clinical
effects of oral health status on long-term outcomes and
prognosis should be investigated in the future.
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