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Abstract
Objectives To analyze the relationship between the oral and systemic health status of adult patients admitted to the intensive 
care unit (ICU) with the length of stay and mortality.
Material and methods A daily oral examination and oral hygiene were performed in patients admitted to an adult ICU. Dental 
and oral lesions, systemic health status, the need for mechanical ventilation, length of stay, and mortality were registered. 
Multivariate linear and logistic regression analyses were performed to identify associations between length of stay and death 
of patients, respectively, with oral and systemic health status.
Results In total, 207 patients were included, 107 (51.7%) male. Ventilated patients presented an increased length of stay 
(p < 0.001), mortality (p < 0.0001), number of medications (p < 0.0001), edentulism (p = 0.001), mucous lesions and bleeding 
(p < 0.0001), oropharyngitis (p = 0.03), and drooling (p < 0.001) compared to non-ventilated patients. The number of days in 
the ICU was associated with mechanical ventilation (p = 0.04), nosocomial pneumonia (p = 0001), end-stage renal disease 
(p < 0.0007), death (p < 0.0001), mucous bleeding (p = 0.01), tongue coating (p = 0.001), and cheilitis (p = 0.01). Mortality 
was associated with length of stay in the ICU (p < 0.0001), number of medications (p < 0.0001), and the need for mechanical 
ventilation (p = 0.006).
Conclusion ICU patients present poor oral health. Soft tissue biofilm and mucous ulcerations were associated with the length 
of stay in the ICU, but not with the mortality rate.
Clinical relevance Mucous lesions are associated with an increased length of stay in the ICU, and critically ill patients should 
receive oral care to control oral foci of infection and mucous lesions.
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Introduction

Oral care and hygiene have been recommended for patients 
admitted to intensive care units (ICUs) to prevent the 
colonization of oral surfaces with pathogenic biofilm and 
reduce the risk of development of ventilator-associated 
pneumonia, lower respiratory tract infections, and other 

infectious foci [1–5]. However, the majority of hospitalized 
patients, including those admitted to the ICU, present oral 
lesions and infectious foci before hospitalization, including 
dental caries (29.9 to 40%), residual tooth roots (19.7%), 
periodontal disease (34 to 41.9%), gingivitis (58.7%), mucosal 
lesions (36%), and oral abscesses (1.6%) [5–8]. Considering 
that most ICU patients are critically ill, these oral lesions and 
foci of infection can increase the risk of complications from 
the primary diseases [7, 9], post-surgical complications [10, 
11], or the development of novel active local or systemic 
infections [6, 11, 12]. In addition, ICU patients may develop 
new oral lesions such as mucositis and pressure oral ulcers 
[9, 13, 14], gingivitis [15], dry mouth [14], tongue coating, 
and oral candidosis [12] as a consequence of their critically ill 
health status, clinical procedures, the use of medications, and 
the need for mechanical ventilation [9, 13, 14].
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Some studies employing oral hygiene associated with 
dental care have been shown to decrease the incidence of 
respiratory infections, especially ventilator-associated pneu-
monia in intubated patients [2, 4, 16]. However, there is poor 
evidence that a decreased incidence of ventilator-associated 
pneumonia in patients receiving oral hygiene could reduce 
their mortality rate and length of stay in the ICU [16]. In 
addition, poor oral hygiene and a poor oral health status 
are also a concern in critically ill patients admitted to the 
ICU, with or without intubation or mechanical ventila-
tion. For example, poor oral health could increase the risk 
of infection at the site of spinal surgery [11] which could 
increase the hospital stay and mortality rate of patients. 
Other authors observed that deep odontogenic infections 
requiring ICU attendance increased the risk of nosocomial 
pneumonia, length of stay, and mortality rate of patients, 
especially patients who were smokers [17]. On the other 
hand, patients admitted to the ICU after surgical procedures 
to remove esophageal cancer and who received oral hygiene 
presented reduced bacteremia and days of fever, despite no 
differences in length of ICU stay [18]. These results suggest 
oral care and hygiene have the potential to prevent complica-
tions that increase morbidity and mortality in non-intubated 
ICU patients but may not reduce the time of ICU stay. How-
ever, there is still little evidence in the literature to establish 
a correlation between oral health status and length of stay of 
patients in the ICU. It has also not been established whether, 
despite oral hygiene and dental care, oral lesions and dental 
foci of infections could present a correlation with the mortal-
ity rate of patients in the ICU.

The objective of this research was to evaluate the oral 
health status of adult patients admitted to the ICU of a public 
hospital and identify associations with the general health sta-
tus, length of stay in the ICU, and mortality rate. The study 
hypothesis was that poor oral health may be associated with 
longer ICU stays and increased frequency of ICU deaths, 
even for patients receiving adequate oral hygiene care.

Material and methods

Study design and study population

This is a longitudinal observational study of patients 
admitted to the ICU of Irmandade Santa Casa de Lon-
drina (ISCAL), Londrina, Brazil, from July to August 
2018. ISCAL is a philanthropic hospital that almost 
exclusively serves patients of the Brazilian public health 
system, the Unified Health System (SUS). There were 
24 beds available in the adult ICU during the research 
period. Participants were included in the study by con-
secutive sampling, and all adult patients who remained 
hospitalized in the ICU for more than 24 h were eligible. 

The following exclusion criteria were considered: patients 
under 18 years of age, the impossibility of handling the 
patient due to medical request, systemic instability, last-
minute cardiorespiratory arrest, any other condition that 
made oral clinical examination impossible, and an absence 
of authorization by patients or their relatives.

The included patients were evaluated daily until the 
moment of ICU discharge or death. Two previously trained 
and calibrated dentists performed oral care and hygiene, 
as well as data sampling. A total of 207 patients admitted 
to the ICU were evaluated. The number of patients was 
determined considering a relative frequency of 36.6% of 
hospitalized patients presenting with oral lesions [7]. A 
minimum number of 151 patients was established to obtain 
a statistical power of 80% and an alpha error of 5%.

Ethics approval and consent to participate

The data collection procedures were performed after 
approval of the study from the Ethics Committee in 
Research Involving Human Beings of ISCAL—Irman-
dade Santa Casa de Londrina (protocol no. 3.202.350). 
Patients or their guardians (in cases of unconsciousness) 
were informed of the research objectives, and data collec-
tion was performed only after authorization and signing of 
the written free and informed consent form. All research 
procedures followed the ethical principles of the Declara-
tion of Helsinki (2013) [19].

Demographic data and systemic health

Demographic information and patient health conditions 
were collected from medical records. The data collected 
were as follows: age, sex, the medical specialty that 
referred the patient to the ICU, length of stay in the 
ICU, previous outpatient hospitalization, smoking, 
alcoholism, number of daily medications (analgesic, 
steroids, sedatives, non-steroidal anti-inflammatory drugs, 
antibiotics) during hospitalization in the ICU, chronic 
systemic diseases, neurological and cardiac alterations, 
infectious diseases present at the time of hospitalization, 
the presence of syndromes, intubation, and the need for 
mechanical ventilation.

The patients were examined every other day until 
they were discharged from the ICU or died. The ICU 
attends patients from hospital wards whose health status 
has worsened and who need intensive care, post-surgical 
patients, and patients from emergency care who need 
immediate life support in the ICU. The need for mechanical 
ventilation and the development of nosocomial pneumonia 
at any time during the stay in the ICU were recorded.
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Oral health status

The analysis of oral health status was performed as described 
by Carrilho Neto et al. [7], using a dental clinical mirror, a 
number 5 dental probe, and artificial illumination. An oral 
examination was performed to record the presence of dental 
caries, gingivitis, and periodontal disease; lesions in oral 
mucosa; the use of dental prosthesis; and the dental plaque 
index. The examination was performed by two dentists, pre-
viously trained and calibrated, with a kappa index of agree-
ment > 0.98 between interindividual and intraindividual 
performance.

Patients were examined and classified as edentulous or den-
tate (partial and total). Wearing of dental prosthesis, type of 
oral prosthesis, and the quality and hygiene of prosthesis were 
recorded. The use of orthodontic appliances was also recorded.

Active caries was recorded as dental cavities, detected 
by probing on the tooth surface or with the naked eye, with 
evidence of enamel or cementum breakdown and exposed 
dentine, or dentine and pulp. Residual dental roots and the 
presence of dental abscesses were also recorded.

The dental plaque index was registered on the first day 
of ICU admission, after which oral hygiene was performed 
daily to avoid the formation of large amounts of dental 
plaque during the ICU stay. Scores 2 and 3 of the dental 
plaque index of Loe and Silness [20] were used to record 
the presence of dental plaque visible by the naked eye (score 
2) and the presence of abundant dental plaque inside peri-
odontal pockets (or gingival margin) and on the tooth surface 
(score 3).

Periodontal disease was clinically evaluated by the pres-
ence of suppuration in the gingival margin, tooth mobility, 
and the presence of dental calculus or gingival recession. 
Gingivitis has been reported when the gingival margin and 
interdental papillae appear swollen and red. Periodontal 
probing was not performed in the periodontal disease evalu-
ation, or for recording scores of 0 to 1 of the dental plaque 
index [20], due to the risk of evoking bleeding and bactere-
mia in critically ill patients. Spontaneous gingival bleeding 
was observed in some patients.

Drooling was recorded as the continuous overflowing of 
saliva from the mouth due to hypersalivation or the incapac-
ity to swallow the entire volume of produced saliva. A dry 
mouth was characterized by the inability to secrete enough 
volume of saliva to moisten lips and oral mucosa.

Lips and oral mucosa were examined daily to detect 
ulcers (with or without spontaneous bleeding), nodules, blis-
ters, white spots and plaques, candidiasis, abscess, fistula, 
erythematous areas, pseudomembranous deposits removable 
by scraping, or any other mucous alterations.

All ICU patients, whether included in the study or not, 
underwent the oral hygiene protocol recommended by the 
Brazilian Association of Intensive Medicine (AMIB), which 

consists of performing oral hygiene with a small toothbrush, 
vacuum suction, use of chlorhexidine 0.12%, and hydration 
of the lips with essential fatty acid (EFA). This protocol 
was adopted by ISCAL as part of the ventilator-associated 
pneumonia prevention protocol.

Statistical analysis

The normal distribution of the data was determined by the 
Shapiro–Wilk test. Parametric data are expressed as mean 
and standard deviation and non-parametric data as median 
and quartiles from 25 to 75%. The comparison between 
patients with and without mechanical ventilation was per-
formed using the Student t test or Mann–Whitney U test. 
Categorical data are expressed as frequency and differences 
between groups, tested using the chi-square test with Yates’ 
correction or Fisher’s exact test. The odds ratio and 95% 
confidence interval of having oral lesions in ICU patients 
with health comorbidities and smoking are calculated and 
presented with the chi-square test with Yates’ correction or 
Fisher’s exact test. The association between the length of 
hospital stay and systemic and oral health conditions was 
determined using the multivariate linear regression analy-
sis, with a stepwise backward adjustment. The presence of 
multicollinearity of the independent variables was detected 
through the variance inflation factor. The association of 
general and oral health conditions with mortality was deter-
mined using multivariate logistic regression analysis with 
stepwise backward adjustments. Differences between groups 
or associations between variables were considered signifi-
cant if p < 0.05.

Results

In total, 207 patients participated in the study, of whom 
100 (48.3%) were female and 107 (51.7%) were male. No 
patients were hospitalized due to oral disease, deep dental 
infections, or oral disease complications. During the study 
period, all patients newly admitted to the ICU were eligible 
for inclusion in the study.

Since oral foci of infection have been suggested to 
increase the risk of pneumonia in mechanically ventilated 
patients, we also investigated the oral health status in ven-
tilated and non-ventilated patients. Age, length of stay in 
the ICU, number of medications used daily, and frequency 
of pneumonia were higher in patients undergoing mechani-
cal ventilation (Table 1). Most patients were referred to the 
ICU after general surgery (post-surgical recovery and care) 
and cardiology and had diabetes and hypertension but did 
not require mechanical ventilation (Table 1). The patients 
were considered as diabetic according to the medical evalu-
ation, and they maintained controlled blood glucose during 
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the entire period of hospitalization. Approximately 57% of 
patients had been hospitalized in other sectors and were 
admitted to the ICU due to a worsening clinical condition 
or the need for surgery (Table 1).

The median days of ICU stay were higher in patients who 
developed pneumonia [5 (3 to 12) days; p < 0.0001] than 
those who did not [2 (1 to 3) days]. The frequency of deaths 
(relative risk (RR): 1.53; 95%CI: 4.1 to 52.9; p = 0.01) in 
patients with pneumonia was higher (n = 9; 47%) than in 
those who did not develop pneumonia (n = 35; 18.5%).

Regarding oral health status, 144 (69.6%) patients were 
totally or partially dentate and 63 (30.4%) were completely 
edentulous. Regarding the use of dental prostheses, 23 
(54.8%) patients were wearing complete dentures, 13 
(31%) had removable partial dentures, and 6 (14.2%) 
had protocol-type prostheses on implants. The hygiene 
of the dentures was considered poor in all patients, with 
food residues, microorganism colonies, calcified deposits, 
and pigmentations. No patients undergoing mechanical 
ventilation wore prostheses during the intubation period. 
The main oral findings observed in the patients are 
described in Table 2. The presence of large amounts of 
dental plaque and calculus at first examination was more 
frequent in dentate patients who did not require mechanical 

ventilation (Table  2). Edentulism, mucous lesions and 
bleeding, oropharyngitis, and drooling were more frequent 
in mechanically ventilated patients. Two patients (9.6%) 
were using fixed orthodontic appliances.

Patients who developed nosocomial pneumonia presented 
a higher frequency of caries and oral bleeding (Table 2).

Regarding mucosal lesions, the ulcer was the most 
frequent oral lesion (n = 32; 65.3%), followed by blisters 
(n = 6; 12.3%), white lesions (n = 5; 10.2%), macules (n = 4; 
8.2%), nodule (n = 1; 2%), and hematoma (n = 1; 2%).

Considering a possible association between general 
health status and oral health status, it was calculated the 
odds ratio (OR, 95% confidence interval) of having oral 
lesions in ICU patients with the most frequent health 
comorbidities (diabetes and hypertension) and smoking. 
Diabetic patients had an increased frequency of dental 
calculus (OR: undefined, p = 0.01) and mucous lesions 
(OR: 2.33, 95%CI: 1.14–4.77, p = 0.02). However, diabetes 
did not increase the odds ratio for presenting edentulism 
(OR: 0.62, 95%CI: 0.29–1.33, p = 0.28), dental plaque 
(OR: 4.42, 95%CI: 0.55–35.2, p = 0.18), dental caries 
(OR: 0.48, 95%CI: 0.45–2.13, p = 1.00), tongue coating 
(OR: 1.67, 95%CI: 0.69–4.05, p = 0.30), dry lips (OR: 
1.63, 95%CI: 0.53–5.02, p = 0.45), and angular cheilitis 

Table 1  Age, sex, and systemic 
health of patients admitted to 
the ICU, submitted or not to 
mechanical ventilation during 
the observation period

Mechanical ventilation

Total (n = 207) Yes (n = 35, 21.2%) No (n = 172, 78.2%) p value

Days in the ICU (median) 2 [1-4] 5 [3-11] 1 [1-3]  < 0.0001
Mortality rate 43 (20.7%) 25 (71.4%) 18 (10.4%)  < 0.0001
Age (mean ± SD) 61.6 ± 18.0 60.2 ± 18.3 68.4 ± 4.5 0.01
Sex
  Male 107 (51.7%) 21 (60%) 86 (50%)
  Female 100 (48.3%) 14 (40%) 86 (50%) 0.13

Number of medications 14 [10-21] 13 [9-17] 22 [17-26]  < 0.0001
Nosocomial pneumonia 17 (8.2%) 6 (17.1%) 11 (6.4%) 0.04
Smoker 38 (18.4%) 7 (20%) 31(18%) 0.66
Alcoholic 10 (4.8%) 3 (8.5%) 7 (4%) 0.45
Diabetes 51 (%) 11 (31.4%) 40 (23.5%) 0.99
Hypertension 135 (65.2%) 24 (68.5%) 111(64.3%) 0.07
End-stage renal disease 7 (3.4%) 2 (5.7%) 5 (2.9%) 0.63
Medical specialty
  General surgery 58 (28%) 13 (37.1%) 45 (26.1%)
  Cardiology 53 (25.6%) 14 (40%) 39 (22.6%)
  Orthopedics 28 (13.5%) 1 (2.8%) 27 (15.7%)
  Neurosurgery 28 (13.5%) 7 (20%) 21 (12.2%)
  Angiology 23 (11.1%) 3 (8.5%) 20 (11.6%)
  Nephrology 8 (3.8%) 3 (8.5%) 5 (2.9%)
  Pneumology 7 (3.4%) 4 (11.4%) 3 (1.7%)
  Gastroenterology 1 (0.48%) - 1 (0.5%)
  Urology 1 (0.48% - 1 (0.5%) 0.04

Previous hospitalization 119 (57.5%) 24 (68.5%) 95 (55.2%) 0.64
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(OR: 0.82, 95%CI: 0.37–1.79, p = 0.77). Hypertension 
was the more frequent comorbidity among ICU patients, 
but presented no increased frequency associated with 
edentulism (OR: 0.72, 95%CI: 0.40–1.32, p = 0.29), dental 
plaque (OR: 1.32, 95%CI: 0.42–4.17, p = 0.85), dental 
caries (OR: 0.92, 95%CI: 0.46–1.82, p = 0.95), dental 
calculus (OR: 2.25, 95%CI: 0.83–7.45, p = 0.10, tongue 
coating (OR: 1.57, 95%CI: 0.80–3.10, p = 0.24), mucous 
lesions (OR: 1.45, 95%CI: 0.74–2.87, p = 0.31), dry lips 
(OR: 1.56, 95%CI: 0.67–3.62, p = 0.40), and angular 
cheilitis (OR: 0.86, 95%CI: 0.43–1.72, p = 0.81). Smokers 
had no increased odds ratio (95%CI) than dentate patients 
presenting edentulism (OR: 1.38, 95%CI: 0.57–3.22, 
p = 0.34), dental plaque (OR: undefined; p = 0.50), dental 
caries (OR: 1.86, 95%CI: 0.67–5.17, p = 0.34), dental 
calculus (OR: undefined; p = 0.21), tongue coating (OR: 
0.91, 95%CI: 0.34–2.43, p = 1.00), mucous lesions (OR: 
2.24, 95%CI: 0.32–22.38, p = 0.43), dry lips (OR: 0.55, 
95%CI: 0.18–1.63, p = 0.44), angular cheilitis (OR: 0.47, 
95%CI: 0.19–1.14, p = 0.15), and oropharyngitis (OR: 0.30, 
95%CI: 0.03–2.36, p = 0.32).

The length of stay in the ICU was associated with 
the need for mechanical ventilation, the development of 
pneumonia, end-stage renal disease, and death. In addi-
tion, there was an association between the length of stay 
in the ICU with oral alterations, including the presence of 
mucous bleeding, tongue coating, and cheilitis (Table 3). 

Oral bleeding was considered to be any source of bleeding 
that was not of gingival/periodontal origin, which could 
be a mucous lesion of traumatic origin, caused by dry-
ness or other complications. Patients with oral bleeding 
stayed a longer median time [9 (3 to 19) days, p = 0.02) 
in the ICU than patients without oral bleeding [2 (1 to 4) 
days]. Patients with tongue coating stayed more days in the 
ICU (5.4 ± 5.3 days, p = 0.008) than those without tongue 
coating (3.4 ± 3.0 days). Median days in the ICU were not 
different [2 (1 to 4) days, p = 0.68] between patients with 
and without cheilitis.

Edentulism was not included in the multivariate lin-
ear regression due to collinearity with dental plaque and 
dental caries variables. Median days of ICU stay were 
increased in edentulous patients [p = 0.02; 3 (1 to 5) days] 
compared to dentate and partially dentate patients [2 (1 
to 3) days].

During the observation period, 43 (20.77%) patients 
died. Only the length of hospital stay, the use of multiple 
drugs, and the need for mechanical ventilation were asso-
ciated with patient death (Table 4). Among the oral altera-
tions, only oropharyngitis was associated with patients’ 
death during the study period (Table 4). However, the 
presence of oropharyngitis did not significantly increase 
the relative risk (RR: 1.04; 95% confidence interval: 0.81 
to 1.33; p = 0.77) of death in relation to patients without 
oropharyngeal secretion.

Table 2  Oral health status of patients admitted to the ICU

1 Presence of visible dental plaque in the first evaluation
2 Visible suppuration of gingival sulcus
3 Ulceration of mucous membranes with spontaneous bleeding

Mechanical ventilation Pneumonia

Total (n = 207) Yes (n = 35) No (n = 172) p value Yes (n = 17) No (n = 190) p value

Edentulous 63 (30.4%) 19 (54.2%) 44 (25.6%) 0.006 4 (23%) 59 (31%) 0.59
Dental  plaque1 130 (62.8%) 16 (45.7%) 114 (66.2%) 0.03 13 (76.4%) 117 (61.5%) 0.29
Caries 56 (6.2%) 6 (17.1%) 50 (29%) 0.20 10 (58.8%) 46 (24.2%) 0.004
Residual root 13 (21.7%) 2 (5.7%) 11 (6.4%) 0.87 3 (17.6%) 10 (5.2%) 0.07
Tooth mobility 29 (14%) 2 (5.7%) 27 (15.7%) 0.17 2 (11.7%) 26 (13.6%) 1.00
Dental calculus 128 (61.8%) 15 (42.8%) 113 (65.7%) 0.02 12 (70.8%) 116 (61%) 0.59
Gingival bleeding 10 (4.8%) 2 (5.7%) 8 (4.6%) 0.68 2 (11.7%) 8 (4.2%)
Periodontal  suppuration2 2 (0.9%) 2 (5.7%) - 0.17 - 2 (1%) -
Mucous  bleeding3 12 (5.8%) 11 (31.4%) 1 (0.6%) 0.01 11 (64.7%) 1 (0.5%)  < 0.0001
Oral candidiasis 3 (1.4%) 1 (2.8%) 2 (1.2%) 1.00 - 3 (1.5% -
Tongue coating 164 (79.2%) 26 (74.3%) 138 (80.2%) 0.49 16 (94.1%) 148 (77.9%) 0.20
Mucous lesions 49 (22.7%) 15 (42.8%) 34 (19.7%) 0.007 3 (17.6%) 46 (24.2%) 0.57
Hairy tongue 1(0.5%) 1 (5.7%) - 0.17 - 1 (0.5%) -
Dry lips 182 (87.9%) 31 (88.5%) 151 (87.8%) 0.79 16 (94.1%) 166 (87.3%) 0.81
Angular cheilitis 181 (87.8%) 31 (68.8%) 150 (87.2%) 0.88 17 (100%) 164 (86.3%) 0.82
Oropharyngitis 32 (15.4%) 12 (34.3%) 20 (11.6%) 0.03 3 (17.6%) 29 (15.2%) 0.72
Drooling 20 (9.6%) 17 (48.5%) 3 (1.7%)  < 0.0001 4 (23%) 16 (8.4%) 0.06
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Discussion

The results of the study demonstrate that patients admitted 
to the ICU had poor oral health status, with a high frequency 
of dental plaque, calculus, dry lips, cheilitis, and tongue 
coating. This highlights the importance of the adopted 
hygiene protocol to control microorganism colonization 
of dental and mucous surfaces during ICU hospitalization. 
However, oral lesions such as periodontitis, residual roots, 
and dental caries are chronic foci of oral infections that 
could not be adequately treated during the ICU stay and 
may lead to complications of health status, especially when 
microorganisms were aspirated by mechanically ventilated 
patients. These oral foci of infections were not significantly 
more frequent in patients submitted to mechanical 
ventilation. However, active caries were significantly more 

frequent in patients who developed nosocomial pneumonia. 
These dental and periodontal foci of infections were also 
not associated with length of stay and mortality rate in ICU 
patients. However, the diagnosis of periodontal disease may 
be underestimated due to the lack of periodontal probing and 
radiographic examination. This is an unavoidable limitation 
of oral health screening in ICU patients.

On the other hand, mucous lesions with and without 
spontaneous bleeding, oropharyngitis (presence of pus or 
pseudomembranous secretion in oropharynges), and drooling 
were frequent problems found in mechanically ventilated patients. 
The majority of mucous lesions seemed to be pressure ulcers 
caused by traumatic procedures of intubation and maintenance of 
the ventilation apparatus. Although the mortality rate is higher in 
mechanically ventilated patients, these mucous lesions were not 
associated with the overall mortality rate in the ICU.

Table 3  Multivariate linear 
regression between the length 
of stay of the patients in the 
ICU, medical procedures, and 
systemic and oral health

Multivariate linear regression Adjusted multivariate linear  
regression

Coef SE F p Coef SE F p

Age 0.03 0.02 1.03 0.30
Sex  − 0.61 0.66 0.85 0.35
Alcoholic  − 2.93 1.75 2.80 0.09
Smoking 1.42 2.16 1.49 0.22
Mechanical ventilation 2.02 1.10 3.37 0.05 2.00 0.97 4.25 0.04
Nosocomial pneumonia 3.08 1.24 6.13 0.01 3.69 1.00 13.55 0.001
Previous hospitalization  − 1.21 0.69 3.09 0.08
Antibiotics 1.19 0.73 2.61 0.10
Number of medications  − 0.09 0.05 2.62 0.10
Hypertension 0.20 0.68 0.08 0.76
Diabetes  − 1.15 0.85 1.81 0.17
End-stage renal disease 5.49 1.81 9.18 0.002 5.66 1.64 11.82 0.0007
Death 4.69 1.00 21.72 0.0006 4.55 0.88 26.33  < 0.0001
Dental plaque 0.76 1.38 0.31 0.57
Caries 0.88 0.93 0.90 0.34
Residual root 0.71 1.38 0.26 0.60
Tooth motility  − 0.02 1.07 0.002 0.98
Dental calculus  − 0.83 1.33 1.38 0.53
Gingival bleeding  − 0.83 1.54 0.29 0.58
Oral bleeding 4.47 2.37 3.53 0.06 5.71 2.20 6.74 0.01
Candidosis  − 0.69 2.02 0.11 0.73
Tongue coating  − 2.44 0.79 9.44 0.002  − 2.30 0.73 9.83 0.001
Mucous lesions 0.47 0.80 0.34 0.56
Drooling 1.32 1.95 0.46 0.49
Dry lips  − 0.97 1.49 0.42 0.51
Cheilitis  − 1.50 1.48 1.01 0.31  − 2.16 0.91 5.58 0.01
Oropharyngitis 0.62 1.06 0.34 0.55
Constant  − 5.53 4.61 1.26 0.26  − 7.23 3.52 4.20 0.04

r2 = 0.45 r2 = 0.40
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Smoking had been investigated as a predictor of increased 
length of stay of patients in ICU [17, 21–23]. Although 
smoking had been associated with increased incidence of 
early pneumonia in trauma patients in ICU, no association 
with length of stay and mortality was identified [21]. Others 
also did not find an association between smoking with the 
length of stay in the ICU for patients who suffered hemorrhagic 
aneurysms [23]. On the other hand, smoking was associated 
with increased length of stay in cardiac surgery patients [22] 
and incidence of pneumonia in patients admitted to ICU due 
to deep odontogenic infections [17]. These results suggest 
that smoking could increase the risk of staying in the ICU 
depending on patients’ diseases. Of note, a limitation of our 
study was there was no medical record of the number of 
cigarettes per day and previous history of smoking. Time and 
amount of exposure to tobacco may increase the prevalence 
and severity of periodontal disease and caries [24–26], as 
well as comorbidities and mortality in ICU patients. Alcohol 
dependence was also associated with increased prevalence of 
complications and mortality in ICU patients [27], as well as 

increased prevalence of oral lesions [28]. However, medical 
records also did not detail the amount and frequency of alcohol 
consumption by ICU patients. Nevertheless, caution should 
be taken in interpreting the absence of an association between 
the length of stay and mortality in the present study with 
alcoholism, since a low number of patients were considered 
alcohol addicted. The addition of information on glomerular 
filtration rate and biochemical glycemic control is suggested for 
future studies as a way to make its assessment more detailed.

Although oral foci of infections were not significantly 
different in mechanically ventilated patients (and these 
patients stayed longer in the ICU), oral bleeding and tongue 
coating were associated with an increased length of ICU stay. 
This suggests that despite oral hygiene care, the presence 
of microorganism colonies on mucous membranes or the 
bleeding of mucous membranes was associated with the 
worsening of the patient’s health status and complications. 
This could be a result of a poor health condition, including 
oral health, a complication in the primary disease, or adverse 
effects of medications. Nevertheless, mortality in the ICU was 

Table 4  Multivariate logistic 
regression between death and 
systemic and oral health status 
of ICU patients

Multivariate logistic regression Adjusted regression

Variables Odds ratio 95%CI p Odds ratio 95%CI p

Age 1.03 0.98–1.08 0.20
Sex 1.04 0.25–4.37 0.94
Alcoholism 4.66 0.14–146.19 0.38
Smoking 1.68 0.19–14.55 0.63
Mechanical ventilation 11.69 2.31–58.99 0.002 5.89 1.19–17.44 0.001
Nosocomial pneumonia 1.70 0.21–13.66 0.61
Previous hospitalization 0.73 0.18–2.87 0.65
Antibiotics 0.40 0.06–2.39 0.32
Number of medications 1.27 1.13–1.43 0.0001 1.20 1.11–1.31  < 0.0001
Hypertension 0.64 0.15–2.73 0.55
Diabetes 2.94 0.61–14.14 0.17
End-stage renal disease 0.30 0.01–7.75 0.47
Days in ICU 1.58 1.21–2.01 0.0001 1.40 1.17–1.67 0.0002
Edentulism 0.32 0.01–7.01 0.47
Dental plaque 0.07 0.005–11.80 0.31
Dental caries 2.72 0.30–24.56 0.36
Residual root 1.51 0.12–18.49 0.74
Tooth motility 2.36 0.38–22.22 0.29
Dental calculus 0.92 0.006–138.13 0.97
Gingival bleeding 0.29 0.01–5.18 0.40
Oral bleeding 0.06 0.009–4.98 0.21
Tongue coating 0.98 0.15–6.12 0.98
Mucous lesions 0.42 0.09–1.90 0.26
Drooling 0.17 0.007–4.16 0.27
Dry lips 1.03 0.04–21.67 0.98
Cheilitis 13.21 0.36–484.59 0.16
Oropharyngitis 0.11 0.01–0.88 0.03 0.16 0.02–0.89 0.03
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associated with the main factors associated with a longer ICU 
stay (mechanical ventilation, number of medications) but not 
with oral health status, except for oropharyngitis.

Oral hygiene and dental care in ICU patients have been 
claimed to decrease the incidence of nosocomial pneumonia 
and other complications, especially in patients with 
mechanical ventilation [2, 6, 16, 29]. Some studies reported 
a reduced incidence of nosocomial ventilator-associated 
pneumonia in patients submitted to oral hygiene [29], 
while other studies did not find significant differences [3]. 
In the present study, pneumonia was still more frequent in 
mechanically ventilated patients than in non-ventilated ones, 
despite daily hygiene care. Previous studies demonstrated that 
oral hygiene could reduce ventilator-associated pneumonia to 
a prevalence range of 10% [30], 11.2% [29], and 37.8% [3] 
on the fifth day. A similar frequency of ventilator-associated 
pneumonia (17.8%) has been reported by other authors in 
intubated patients submitted to oral hygiene care [5]. This 
suggests that in our study, oral hygiene care was in agreement 
with the expected prevalence and incidence of pneumonia 
in mechanically ventilated and non-ventilated patients. 
Nevertheless, oral foci of infection may harm or be associated 
with other health problems leading to an increased length of 
stay in the ICU but not mortality rate. Thus, the presence of a 
qualified dentist within the ICUs, as a member of the health 
team, is of fundamental importance for the early diagnosis of 
injuries and treatment when necessary, in addition to training 
the nursing team regarding oral care and assistance in the 
implementation of bundles for the control of infections and 
improvement in the prognosis and quality of life of patients.

Previous studies have demonstrated that oral hygiene per 
se did not decrease stay time in the ICU or mortality rates [3, 
16, 29]. Thus, do other oral health problems contribute to the 
worsening of health status and increasing length of stay in the 
ICU? Our results suggest that there is no significant association 
between chronic foci of oral infections, such as dental caries and 
periodontal disease, with stay time and mortality in the ICU. 
However, the development of mucous lesions (oral bleeding 
and tongue coating) was present in patients that had a long 
ICU stay. Some of these lesions could be preventable and 
treated by ICU staff and dental surgeons through oral hygiene, 
mucous hydration, and care to avoid the formation of oral 
pressure and traumatic ulcers. A previous study estimated that 
approximately 45.4% of intubated patients develop pressure 
ulcers in the oral mucosa [13], while our study presented 
mucous lesions in approximately 42% of ventilated patients. 
Of concern, the development of pressure ulcers in intubated 
patients has been associated with microbial colonization of oral 
mucosa [13]. This highlights the importance of maintaining 
oral hygiene in mechanically ventilated patients and monitoring 
the development of pressure ulcers.

It is important to point out that patients undergoing hospi-
talization, including ICU attendance, had a poor oral health 
status [5, 7], which could worsen if they do not receive oral 
care [6]. Although we did not identify an association between 
the oral foci of infections with the length of stay and mortality 
rate in the ICU, it should be pointed out that the accumulation 
of dental plaque on hard and soft tissues could be a potential 
risk for developing complications, such as nosocomial pneu-
monia, post-surgical infection, or bacteremia.

Death was associated only with systemic factors. 
Although we did not identify any association between 
the foci of oral infections and mortality, it is important to 
point out that an increased mortality rate in the ICU had 
been described in ventilated patients due to septic shock 
or multiple organ failure secondary to abdominal and pul-
monary infections [31]. Other factors that could contribute 
to the increased rate of mortality were age, stay time in 
hospital, and severity of illness scores [32].

We concluded that the majority of the patients admitted 
to the ICU presented poor oral hygiene and a poor oral 
health status and require dental care during their stay in 
the ICU. However, the presence of oral foci of infection, in 
patients under oral hygiene care, did not increase the time in 
the ICU and mortality rate. The presence of ulcerations and 
bleeding from oral mucosa is a concern in both ventilated 
and non-ventilated patients.
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