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Purpose: The objective of this study was to investigate latent classes of oral health and the factors associated with them in acutely 
admitted elderly inpatients.
Patients and Methods: A cross-sectional study was conducted using purposive sampling to survey Chinese older-adult acutely 
inpatients. Data was collected utilizing several instruments, including a general information questionnaire, Brief Oral Health Status 
Examination (BOHSE), Oral Frailty Index-8 (OFI-8), Mini-Nutritional Assessment Short Form (MNA-SF), and Frailty Screening 
Questionnaire (FSQ). Latent class analysis was applied to identify distinct categories of oral health among elderly inpatients, and 
multinomial logistic regression was employed to analyze the factors associated with different oral health categories.
Results: In this study, a total of 504 elderly patients were ultimately included, leading to the identification of three latent classes of 
oral health: “oral health-low level group (41.27%)”, “oral health-moderate level group (25.4%)”, and “oral health-high level group 
(33.33%)”. The findings revealed that patients with advanced age, elevated neutrophil percentage, and higher C-reactive protein (CRP) 
values were more likely to be classified in the low oral health group. Additionally, individuals experiencing malnutrition and frailty 
had a higher risk of falling into the low oral health category. Those with comorbidities and oral frailty were more prevalent in the 
moderate oral health group. At the same time, elderly patients with higher BMI (22.95±3.043) ratios were more likely to be 
categorized in the high oral health group.
Conclusion: This study sheds light on three distinct latent classes of oral health among acutely admitted elderly inpatients. These 
findings underscore the importance of healthcare professionals focusing on the assessment and health education of elderly patients’ 
oral health. Furthermore, personalized interventions should be developed to promote healthy aging, with particularly attention to 
enhancing oral health outcomes in this population.
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Introduction
Statistics from the World Health Organization (WHO) project a notable increase in the global population aged 60 years 
and over, expected to rise from 12% to 22% by the year 2050.1 In China, the latest demographic data reveals that around 
13.5% of the total population is aged 65 years and older, and this figure has reached 18.7% by the year 2020.2 The 
acceleration of the aging process is contributing to a surge in emergency department visits by older adults. In the United 
States, elderly patients accounted for over 20 million emergency department visits, representing more than 15% of all 
visits. Similarly, in France, there were over 2.7 million emergency department visits by the elderly in 2019. In China, 
older adults constituted 18% of emergency department visits.3,4 Highlighting the significance of oral health in the older 
population, the State of Global Oral Health Report underscores that oral health is a crucial indicator of overall health in 
older individuals. Furthermore, oral diseases can impose a substantial burden on an individual’s health.5 Notably, studies, 
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such as the one conducted by Ní Chróinín et al, reveal that oral health is unfavorable in older acutely hospitalized 
patients.6 These findings emphasize the pressing need for urgent attention to the oral health of acutely admitted elderly 
patients, especially as the aging demographic grows globally.

The WHO’s comprehensive definition of oral health extends beyond the physical state, incorporating social function-
ing and mental health considerations.5 Globally, common oral diseases, such as dental caries, periodontal disease, and 
tooth loss, impact approximately 45% of the population.7,8 Alarmingly, around 2.5 billion people suffer from untreated 
oral diseases, with a striking 96% of individuals aged 65 years and older grappling with oral health issues like dental 
caries.7,8 Despite its significance, oral health tends to be neglected, particularly among older adults. Oral diseases can 
induce pain, discomfort, and increase the risk of malnutrition due to difficulties in chewing or swallowing.9 Furthermore, 
the aesthetic aspects of poor oral health, including dental appearance, defects, and oral odor, can diminish self-esteem and 
prompt older adults to avoid social activities and social isolation, impacting their psychosocial health.10 Research has 
unveiled that compromised oral health and swallowing difficulty in elderly patients heightens the risk of inhaling oral 
bacteria into the lungs, elevating the likelihood of infectious diseases like hospital-acquired pneumonia.10,11 Additionally, 
it influences hospital mortality, length of stay, and healthcare costs for elderly patients.11 The burden of oral health 
extends beyond physiological implications, permeating into the social and psychological realms, significantly affecting 
the overall quality of life for older adults. Given that elderly patients often grapple with a combination of acute and 
underlying illnesses with more medically complex and typically take a higher number of medications compared to their 
younger counterparts in the emergency department, they are at a heightened risk for adverse health-related outcomes. An 
observational study conducted by Maeda et al revealed that poor oral health upon admission served as an independent 
predictor of death during hospitalization in elderly patients.12 The assessment of oral health in acutely admitted elderly 
inpatients becomes crucial not only for diagnosing oral diseases but also for evaluating the risk of systemic diseases. 
Consequently, integrating comprehensive oral health assessments into the care of elderly inpatients is paramount to 
addressing both oral and overall health outcomes in this vulnerable population.

Various perspectives exist regarding the factors contributing to poor oral health in older adults. Sheiham and Watt 
proposed that common risk factors for oral health encompass smoking, alcohol consumption, unhealthy diet, stress, and 
lack of exercise.13 They suggested that the cumulative impact of these risk factors significantly influences oral health.13– 

15 Additionally, research indicates that poor oral health in older adults correlates with conditions such as sarcopenia, 
cognitive impairment, comorbidities, and frailty, revealing a complex interplay of multiple factors severely affecting the 
quality of life for older individuals.16–18 The oral health of older adults exhibits complexity, variability, and heterogeneity 
across different settings, with the oral health of acutely admitted elderly inpatients often overlooked. Prior studies 
assessing the oral health of elderly patients utilized aggregate scores on scales and a single assessment dimension, 
neglecting the heterogeneity among groups with distinct characteristics.19 Latent class analysis is a labelling of a form of 
finite mixed model in which the observed indicators are categorical.20 Using latent category analysis, an analytical 
method that identifies latent characteristics based on individuals’ responses and groups those with similar characteristics 
together.20 This study aimed to (1) identify latent classes of oral health in acutely admitted elderly inpatients and (2) 
explore factors associated with categorizing individuals into these latent classes. This research seeks to establish 
a theoretical foundation for promoting oral health and healthy aging among elderly inpatients.

Material and Methods
Study Design and Setting
This cross-sectional study aimed at analyzing the oral health status and associated factors in acutely admitted elderly 
inpatients using a latent category approach. While subgroup analysis from a traditional perspective seeks patient 
characteristics associated with disease outcomes, these characteristics may manifest differently in individual patients. 
To comprehend the nuanced differences between patients, a person-centered approach focuses on similarities or relation-
ships between individuals. Latent category analysis, identifying individuals with common characteristics, emerges as the 
preferred method for health behavior research.21 The emergency department witnesses an annual average of over 3000 
cases of acute admissions of elderly patients, ensuring an ample and diverse sample size for this study.
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Study Participants
This study employed a purposive sampling method to select elderly patients attending the emergency department of the 
Fourth Affiliated Hospital, Zhejiang University School of Medicine, between October 20 and December 31, 2023. 
Inclusion criteria encompassed individuals aged 65 years and above, experiencing an acute onset of illness leading to 
hospitalization, and providing informed consent to participate in the study voluntarily. Exclusion criteria comprised 
patients with cardiac arrest, severe trauma, snakebites, poisonings, visual and hearing impairments, as well as those with 
automatic discharges. Nylund’s simulation modeling demonstrated that the information criterion and likelihood test 
reliably identify the correct model when the sample size ranges between 500–1000 models.22 Therefore, this study aimed 
to recruit at least 500 study participants.

Measuring Instrument
The study gathered demographic: including age, gender, education level, smoking history (defined as a duration of 
previous smoking ≥1 year), drinking history (defined as a duration of previous drinking ≥1 year), place of residence 
(categorized as urban or suburban). We also collected clinical information: Body Mass Index (BMI, calculated as weight 
in kilograms divided by the square of height in meters), white blood cell count, percentage of neutrophils, percentage of 
lymphocytes, C-reactive protein (CRP) levels, multimorbidity (defined as the presence of two or more chronic diseases 
simultaneously), polypharmacy (defined as the use of five or more medications, following China’s catalog of inappropri-
ate medicines for the elderly),23 nutritional status, general frailty, and oral frailty.

Brief Oral Health Status Examination (BOHSE)
BOHSE developed by Kayser-Jones in 1995, comprises ten items assessing various oral components, including lymph 
nodes, lips, tongue, mucosal tissues, gingiva, salivary secretion, natural teeth, denture, teeth bite during chewing and oral 
hygiene. Each item is scored on a 3-point Likert scale, with a score of 0 indicating “healthy”, 1 indicating “healthy 
change”, and 2 indicating “unhealthy”. The Likert-3 scale was employed, with 0 denoting “healthy”, 1 indicating “altered 
health”, and 2 indicating “unhealthy”, where a higher score corresponds to a poorer oral condition.24 The Chinese version 
of the BOHSE demonstrates a Cronbach’s coefficient of 0.873 and a re-test reliability of 0.775, making it suitable for use 
by non-dental professionals in assessing the oral health status of elderly inpatients.25

Oral Frailty Index-8 (OFI-8)
This instrument was employed to evaluate oral frailty in the elderly, encompassing aspects such as denture use, 
swallowing ability, chewing ability, oral health-related behaviors, and social participation. This tool consists of five 
dimensions with eight entries, resulting in a total score ranging from 0 to 11, where a score of ≥4 indicates oral frailty. 
The overall Cronbach’s α coefficient for the scale was 0.692.26 Additionally, the Chinese version of the oral weakness 
screening scale for the elderly demonstrated a Cronbach’s α coefficient of 0.949 and a re-test reliability coefficient of 
0.786.27 This Chinese version exhibits robust reliability and validity, positioning it as a valuable tool for assessing oral 
weakness in the elderly.27

Mini-Nutritional Assessment Short Form (MNA-SF)
The MNA-SF, developed by Rubenstein et al, serves as a tool for assessing nutritional status in older adults.28 

Comprising six entries covering Body Mass Index (BMI), recent weight changes, acute illness or major psychological 
changes, mobility, neuropsychiatric disorders, and food intake, the scale yields a total score ranging from 0 to 14. A score 
of ≥11 is indicative of normal nutrition, while a score of <11 suggests the presence of malnutrition. Zhang et al 
demonstrated that the scale’s Cronbach’s α coefficient was 0.711, indicating suitability for nutritional assessment in 
elderly inpatients.29

Frailty Screening Questionnaire (FSQ)
FSQ is a tool designed by Ma et al specifically for screening frailty in community-dwelling older adults in China. This 
questionnaire is rooted in the frailty phenotype proposed by Fried et al and is structured into five self-reported sections.30 

The sections cover various aspects: slow walking, defined as the inability to walk 250 meters independently or with an 
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assistive device other than a wheelchair, regardless of speed; frailty, defined as difficulty in lifting or carrying 5 kg; 
exhaustion, indicated by responses such as “I struggle with everything I do” or “I cannot do it”. inactivity, defined as 
spending less than 3 hours per week on leisure activities; and weight loss, defined as unintentional weight loss of at least 
4.5 kg in the past year. Liu et al demonstrated the feasibility of the FSQ for routine frailty screening in elderly patients 
admitted to the hospital in an emergency setting.31

Data Collection
The data collection process was carried out by the study team members within two hours of the elderly patient’s 
admission to the hospital. We use the Chinese version of the questionnaire for data collection. For elderly patients with 
multiple emergency visits during the survey period, the team recorded information from their first visit. The study team 
underwent five 1-hour professional training sessions, overseen by a dental professional, to instruct team members on 
examining and assessing the oral health status of the elderly. The training encompassed topics such as oral anatomy, 
common oral diseases, and the use of examination instruments. Each team member successfully passed an examination 
before completing the training. All examinations of elderly patients were conducted while they were in bed and took 
approximately 8–25 minutes to complete, with an average examination time of 11.6 minutes. Each study team member 
had an examination kit comprising a tongue depressor, gauze, hand-held light, and disposable gloves. The assessments 
were consistently performed in the same order, initiating with the observation and palpation of enlarged lymph nodes and 
concluding with the documentation of oral cleanliness status.

Statistical Methods
Data analysis was performed using SPSS 20.0 software. GraphPad Prism 9.5.1 was used to plot line graphs. Descriptive 
statistics were employed, expressing measurement data as mean and standard deviation, and count data as frequency and 
percentage. Univariate analysis of latent classes of oral health in elderly patients involved using the chi-square test or 
Fisher’s exact probability method for categorical information, ANOVA for measurement information, and non-parametric 
tests in cases of heterogeneous variance. Missing variables were substituted with the proximal point median. Multinomial 
logistic regression analyses were conducted to explore the factors influencing the latent classes of oral health in elderly 
inpatients. Statistical significance was determined at P < 0.05.

Mplus software (version 8.3) was utilized for latent class analysis. The data derived from the Brief Oral Health 
Checklist were initially transformed into binary form (0 and 1). A raw entry score of ≥1 was designated a value of 0, 
representing unhealthy oral health, while a raw entry score of 0 was assigned a value of 1, indicating healthy oral 
health. Starting with a single-category model, the number of categories in the model was incrementally increased 
until the model fitting indicators reached the optimal values. Model fit indexes comprised: (1) log-likelihood ratio, 
Akaike information criterion (AIC), Bayesian information criterion (BIC), and adjusted BIC (aBIC), where smaller 
values of AIC, BIC, and aBIC indicated better model fit; (2) information entropy, with values ranging from 0 to 1, 
where a closer value to 1 suggested more accurate classification (values <0.6 indicated over 20% classification 
errors, while values >0.8 suggested a model classification accuracy of 90%); and (3) Lo Mendell-Rubin (LMR) and 
Bootstrapped likelihood ratio test (BLRT), with P < 0.05 signifying that the kth model performed better than the 
k-1th model.22,32,33 In this study, to improve the reliability of the assessment, each oral health assessment was 
conducted by two members at the same time, and when there was a disagreement, it was assessed by a dentist 
specializing in dentistry.

Ethical Considerations
The original study received approval from the Human Research Ethics Committee of the Fourth Affiliated Hospital 
Zhejiang University School of Medicine (Approval NO.: K2023153). Before the commencement of the study, written 
informed consent was obtained from all participants or their caregivers. Participants retained the right to withdraw from 
the study at any point, and all data collected were exclusively used for this study. The conduct of this study complies with 
the Declaration of Helsinki.
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Results
In this study, a total of 522 elderly patients were initially recruited, including 18 with repeat admissions, ultimately 
resulting in the inclusion of 504 elderly patients in the research. The average age of the survey respondents was 77.27 
years, ranging from a minimum age of 65 years to a maximum of 99 years. All elderly patients included in the study were 
married. The descriptive statistics for height were (163.15±6.862) cm, for weight (58.68±8.98) kg, and detailed Results 
for all variables are presented in Table 1.

Latent class analysis was applied to the oral health assessment results of elderly inpatients, and a total of four latent 
class models were fitted in this study. The fitting metrics for each model are presented in Table 2. Model 4 exhibited 
entropy values less than 0.8, and LMR was not statistically significant, leading to its exclusion from further 

Table 1 Descriptive Statistics and Analysis of Variance for All Variables (n=504)

Variables Total 
(n=504)

C1  
(n=208, 41.27%)

C2  
(n=128, 25.4%)

C3  
(n=168, 33.33%)

χ2/F P-value

Age (mean) 77.27±7.672 80.54±8.028 77.47±6.421 73.08±5.924 86.468# <0.001**

Gender (%) 2.005 0.367

Male 298 (59.13) 117 (56.25) 82 (64.06) 99 (58.93)

Female 206 (40.87) 91 (43.75) 46 (35.94) 69 (41.07)

BMI (mean) 22.03±3.049 21.35±2.976 21.94±2.855 22.95±3.043 13.532 <0.001**

Educational level (%) 4.204 0.379

None 139 (27.58) 62 (29.81) 40 (31.25) 37 (22.02)

Elementary school 265 (52.58) 108 (51.92) 63 (49.22) 94 (55.96)

Middle school and above 100 (19.84) 38 (18.27) 25 (19.53) 37 (22.02)

Smoking history (%) 2.515 0.284

Yes 160 (31.75) 58 (27.88) 43 (33.59) 59 (35.12)

No 344 (68.25) 150 (74.52) 85 (66.41) 109 (64.88)

Drinking history (%) 0.389 0.823

Yes 156 (30.95) 63 (30.29) 38 (29.69) 55 (32.74)

No 348 (69.05) 145 (69.71) 90 (70.31) 113 (67.26)

Rural/urban residence (%) 1.434 0.488

Urban 155 (30.75) 60 (28.47) 39 (30.47) 58 (34.52)

Rural 349 (69.25) 148 (71.15) 89 (69.53) 110 (65.48)

WBC (mean) 9.17±5.622 10.41±6.886 8.83±5.334 7.87±3.332 24.259# <0.001**

Neutrophil percentage (mean) 74.23±14.759 77.29±15.836 73.19±12.731 71.24±14.161 8.478 <0.001**

Lymphocyte percentage (mean) 17.86±12.797 19.51±12.661 17.97±11.279 16.48±13.646 2.61 0.075

CRP (mean) 36.34±54.508 53.35±66.256 27.5±44.339 22.03±37.227 48.137 <0.001**

Multimorbidity (%) 12.931 0.002*

No 160 (31.75) 54 (25.96) 35 (27.34) 71 (42.26)

(Continued)
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consideration. The single-category models displayed the largest AIC, BIC, and ABIC values. Moreover, LR tests for 
models 2 and 3 were statistically significant (LMR < 0.0001 and BLRT < 0.0001), indicating population heterogeneity. 
When comparing Models 2 and 3, Model 3 demonstrated the smallest AIC and BIC values, the highest entropy (0.874), 
and statistically significant p-values for LMR and BLRT. Although the p-values of LMR and BLRT were also statistically 
significant in Model 2, Model 3 presented the lowest AIC and BIC values, along with the highest entropy value, 
suggesting it as the best fit for this study. Consequently, Model 3 was selected for latent class classification.

Figure 1 illustrates the 3-category model, displaying the probability of occurrence for ten oral health entries in each 
category. Latent class 1 was designated as the “Oral Health-Low Level Group (C1)“ and comprised 41.27% of subjects (n 
= 208). C1 exhibited a low overall oral health level, with the probability of a lymph node response at 0.843, albeit lower 
thanC2 and C3. Latent class 2 was named the “Oral Health-Moderate Level Group (C2)” and encompassed 25.4% of 
subjects (n = 128). C2 demonstrated a moderate overall oral health level, with response probabilities falling between C1 

Table 1 (Continued). 

Variables Total 
(n=504)

C1  
(n=208, 41.27%)

C2  
(n=128, 25.4%)

C3  
(n=168, 33.33%)

χ2/F P-value

Yes 344 (68.25) 154 (74.04) 93 (72.66) 97 (57.74)

Polypharmacy (%) 4.61 0.1

Yes 148 (29.37) 67 (32.21) 42 (32.81) 39 (23.21)

No 356 (70.63) 141 (67.79) 86 (67.19) 129 (76.79)

MNA-SF (%) 24.899 <0.001**

Normal 303 (60.12) 100 (48.08) 80 (62.5) 123 (73.21)

Malnutrition 201 (39.88) 108 (51.92) 48 (37.5) 45 (26.79)

FSQ (%) 52.056 <0.001**

No 243 (48.21) 63 (30.29) 67 (52.34) 113 (67.26)

Yes 261 (51.79) 145 (69.71) 61 (47.66) 55 (32.74)

OFI-8 (%) 60.919 <0.001**

No 116 (23.02) 22 (10.58) 21 (16.41) 73 (43.45)

Yes 388 (76.98) 186 (89.42) 107 (83.59) 95 (56.55)

Notes: *p value significant at < 0.05. **p value significant at < 0.001. #nonparametric test: Kruskal–Wallis Test. 
Abbreviations: BMI, Body Mass Index; CRP, C-reactive protein; WBC, white blood cell count; OFI-8, Oral Frailty Index-8; MNA-SF, Mini-Nutritional Assessment Short 
Form; FSQ, Frailty Screening Questionnaire.

Table 2 Model Fit Indices Derived from Latent Class Analysis on Models with 1–4 Classes

Model K AIC BIC ABIC Entropy LMR BLRT Class probability

1 10 3997.335 4039.561 4007.820 – – – –

2 21 3377.424 3466.099 3399.443 0.855 <0.0001* <0.0001* 0.589/0.411

3 32 3326.285 3461.407 3359.836 0.874 <0.0001* <0.0001* 0.333/0.413/0.254

4 43 3295.893 3477.464 3340.978 0.798 0.0832 <0.0001* 0.268/0.059/0.411/0.262

Notes: *p value significant at < 0.001. 
Abbreviations: AIC, Akaike information criterion; BIC, Bayesian information criterion; aBIC, adjusted BIC; LMR, Lo Mendell-Rubin; 
BLRT, Bootstrapped likelihood ratio test.
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and C3, except for the peri-dental and oral hygiene entries, which had a probability of zero. Latent class 3 was denoted as 
the ”Oral Health-High Level Group (C3)”, incorporating 33.33% of subjects (n = 168). C3 showcased a high overall oral 
health level, with response probabilities for periapical, chewing, natural teeth, and oral hygiene surpassing those for C1 
and C3, although the probabilities of responding to the entries for periapical, chewing, natural teeth, and oral hygiene 
were all less than 0.1.

The analysis of variance for all variables revealed that age, BMI, white blood cell count, percentage of neutrophils, 
CRP, co-morbidities, nutritional status, frailty, and oral frailty exhibited statistically significant differences (P < 0.05) 
when compared among the three latent classes of elderly patients. In contrast, the differences in the remaining variables 
were not statistically significant (P > 0.05), as detailed in Table 1.

To explore the factors associated with the latent classes of oral health in elderly inpatients (C1, C2, and C3), 
multinomial logistic regression was employed, see Table 3. Nine variables (age, BMI, leukocyte count, percentage of 
neutrophils, CRP, multimorbidity, nutritional status, frailty, and oral frailty) were included in the regression equations for 
the latent classes, and no significant covariance was observed between the variables. The results of the regression 
equations were presented in the C1, C2, and C3 regression models. When comparing C3 to C1 (with C1 as the reference 
category), the findings indicated that older patients were more likely to be categorized as C1 (OR =1.149, 95% CI: 
1.102–1.198, P<0.001); older patients with a higher BMI were more likely to be classified as C3 (OR =0.86, 95% CI: 
0.786–0.941, P=0.001); higher neutrophil percentage and higher CRP were more likely to be categorized as C1 (OR = 
1.024, 95% CI: 1.002–1.046, P=0.03; OR = 1.008, 95% CI: 1.003–1.014, P=0.003); and elderly patients with normal 
nutritional status were more likely to be categorized as C3 compared to malnourished elderly patients (OR =0.546, 95% 
CI: 0.301–0.991, P=0.047). Additionally, elderly patients without frailty had a higher risk of being categorized as C3 
compared to debilitated elderly patients (OR =0.52, 95% CI: 0.031–0.898, P=0.019). In the comparison of C2 to C1 (with 
C1 as the reference category), the results showed that the older the elderly patient, the more likely they were to be 
categorized as C1 (OR = 0.945, 95% CI: 0.913–0.978, P=0.001); higher percentages of neutrophils and CRP were more 
likely to be classified as C1 (OR = 0.975, 95% CI: 0.956–0.995, P=0.016; OR = 0.993, 95% CI: 0.988–0.998, P=0.01); 
and compared to frail older patients, older patients without frailty had a higher risk of being categorized as C2 (OR = 
1.827, 95% CI: 1.083–3.082, P=0.024). When C2 was compared to C3 (with C3 as the reference category), the findings 
revealed that older patients were more likely to be categorized as C2 (OR = 1.085, 95% CI: 1.04–1.132, P<0.001); older 
patients with greater BMI were more likely to be categorized as C3 (OR = 0.89, 95% CI: 0.82–0.976, P=0.012); older 

Figure 1 The three-class model and probability of 10 oral health symptoms within each class (n = 504). 
Notes: This Figure was made by this group on 2 February 2024 using GraphPad Prism. Class 1, Low level group - oral health; Class 2, Moderate level group - oral health; Class 3, High level 
group - oral health. A1, Lymph nodes; A2, Lips; A3, Tongue; A4, Tissue inside cheek, floor, and roof of mouth; A5, Tissue inside cheek, floor, and roof of mouth; A6, Saliva and effect on 
tissue; A7, Condition of natural teeth; A8, Condition of artificial teeth; A9, Pairs of teeth in chewing position (natural or artificial); A10, Oral cleanliness. 
Abbreviations: BMI, Body Mass Index; CRP, C-reactive protein; WBC, white blood cell count; BOHSE, Brief oral health status examination; OFI-8, Oral Frailty Index-8; 
MNA-SF, Mini-Nutritional Assessment Short Form; FSQ, Frailty Screening Questionnaire; AIC, Akaike information criterion; BIC, Bayesian information criterion; aBIC, 
adjusted BIC; LMR, Lo Mendell-Rubin; BLRT, Bootstrapped likelihood ratio test; C1, Low level group - oral health; C2, Moderate level group - oral health; C3, High level 
group - oral health.
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patients without comorbidities had a higher risk of being categorized as C3 compared to older patients with comorbidities 
(OR = 0.549, 95% CI: 0.319–0.947, P=0.031); and older patients with oral frailty were at a higher risk of being 
categorized as C2 (OR =0.496, 95% CI: 0.255–0.966, P=0.039).

Discussion
In this study, oral health and its associated factors in acutely admitted elderly inpatients were explored through latent 
class analysis, marking an attempt to identify latent classes of oral health in this population. The primary findings can be 
summarized as follows: delineation of three distinct subtypes of oral health, namely, the “oral health-low group”, “oral 
health-moderate group”, and “oral health-high group”. The analysis revealed that as age increased, the level of oral health 
also decreased. Specifically, elderly patients with higher age, neutrophil percentage, and CRP values were more likely to 
be categorized as the low oral health group. Additionally, malnourished and debilitated elderly patients faced a higher 
risk of being classified into the low oral health group. Co-morbid elderly patients and those with debilitation were more 
likely to be categorized as the medium oral health group. Conversely, elderly patients with higher BMI ratios were more 

Table 3 Multiple Multinomial Logistic Regression for Latent Classes

Variables B SE Wald (X2) P-value OR (95% CI)

C3 VS C1 
(ref: C1)

Intercept − 8.775 2.110 17.302 <0.001**

Age 0.139 0.021 42.524 <0.001** 1.149 (1.102, 1.198)

BMI − 0.151 0.046 10.808 0.001* 0.86 (0.786, 0.941)

WBC 0.055 0.028 3.733 0.053 1.056 (0.999, 1.116)

Neutrophil percentage 0.024 0.011 4.725 0.03* 1.024 (1.002, 1.046)

CRP 0.008 0.003 8.757 0.003* 1.008 (1.003, 1.014)

MNA-SF (ref: malnutrition) − 0.604 0.304 3.960 0.047* 0.546 (0.301, 0.991)

FSQ (ref: yes) − 0.654 0.279 5.499 0.019* 0.52 (0.301, 0.898)

C2 VS C1 
(ref: C1)

Intercept 5.411 1.917 7.970 0.005*

Age − 0.057 0.018 10.492 0.001* 0.945 (0.913, 0.978)

Neutrophil percentage − 0.025 0.010 5.848 0.016* 0.975 (0.956, 0.995)

CRP − 0.007 0.003 6.720 0.01* 0.993 (0.988, 0.998)

FSQ (ref: yes) 0.603 0.267 5.100 0.024* 1.827 (1.083, 3.082)

C2 VS C3 

(ref: C3)

Intercept − 3.364 2.081 2.612 0.106

Age 0.082 0.021 14.480 <0.001** 1.085 (1.04, 1.132)

BMI − 0.111 0.044 6.304 0.012* 0.89 (0.82, 0.976)

Multimorbidity (ref: yes) − 0.599 0.278 4.657 0.031* 0.549 (0.319, 0.947)

OFI-8 (ref: yes) − 0.701 0.340 4.252 0.039* 0.496 (0.255, 0.966)

Notes: *p value significant at < 0.05. **p value significant at < 0.001. Likelihood ratio X2 (df 18) = 206,581 (p < 0.001). Nagelkerke 
Pseudo-R2 = 0.38. 
Abbreviations: BMI, Body Mass Index; CRP, C-reactive protein; WBC, white blood cell count; OFI-8, Oral Frailty Index-8; MNA- 
SF, Mini-Nutritional Assessment Short Form; FSQ, Frailty Screening Questionnaire; C1, Low level group - oral health; C2, Moderate 
level group - oral health; C3, High level group - oral health.
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likely to be classified into the high oral health group. These findings contribute valuable insights into the nuanced 
relationship between age, health indicators, and oral health status among acutely admitted elderly inpatients.

The findings of this study revealed that older inpatients with advanced age faced an elevated risk of experiencing low 
levels of oral health—a correlation supported by prior research emphasizing age as a crucial predictor of oral health.34 As 
individuals age, the various bodily systems undergo a gradual decline in function, attributable to the accumulation of 
damaged tissues and substances resulting from intrinsic or extrinsic mechanisms. Consequently, oral challenges such as 
tooth loss and difficulties in chewing become more prevalent.35 Elderly patients commonly exhibit weak oral health 
behaviors, characterized by a lack of awareness regarding oral health care. They frequently neglect oral hygiene, engage 
in infrequent or completely absent daily tooth brushing, and are less inclined to seek professional assistance for oral 
issues. The coexistence of aging and weak oral health behaviors places elderly individuals at an increased susceptibility 
to poor oral health. Recognizing this, the Global Strategy for Oral Health emphasizes that the adverse consequences of 
oral health problems accumulate over time, exerting a negative impact on later life.36 Given the cumulative nature of 
these oral health challenges, it is imperative to prioritize the oral health of elderly patients with advanced age. This issue 
necessitates a concerted effort to enhance health education initiatives targeted specifically at older adults, aiming to 
bolster awareness and improve oral health behaviors among this demographic.

The findings of this study also indicated that elderly individuals with higher BMI (22.95±3.043) values were more 
likely to be classified into the high oral health group compared to the low (21.35±2.976) and intermediate (21.94±2.855) 
oral health groups. While Han et al37 found a correlation between lower BMI and poorer oral health in adults aged ≥65 
years, a cohort study by Chang et al38 suggested an association between poor oral health and higher BMI, presenting 
a contrast with the current study’s findings. Discrepancies in results were attributed to differences in age groups included 
in the cohort study, as well as variations in the baseline oral health levels of older adults across different settings and 
countries. BMI, an anthropometric measure of body fat relative to a person’s overall mass, is also recognized as 
a straightforward method for assessing nutritional status.39 Malnutrition, often evidenced by reduced body weight and 
BMI, is primarily a consequence of insufficient protein or energy intake. This study’s results further indicated that 
malnourished elderly inpatients faced a heightened risk of developing low oral health levels, exhibiting a 0.546 times 
higher risk than those with high oral health levels, aligning with findings from Toniazzo et al’s study.40 Poor oral health 
can hinder the consumption of hard foods, negatively impacting nutrient intake and elevating the risk of malnutrition. 
Inadequate intake of various nutrients, in turn, heightens the risk of oral health problems such as gum disease, dental 
caries, and insufficient salivation.41 Physiological changes resulting from aging, chronic diseases, and multiple medica-
tions may contribute to insufficient salivary secretion, causing challenges in chewing and swallowing and amplifying the 
risk of malnutrition.42,43 Given the reciprocal causation between oral health and malnutrition, where malnutrition 
adversely impacts oral health, and poor oral health influences dietary intake, potentially leading to malnutrition, 
healthcare professionals should intensify assessments of the oral health and nutritional status of elderly patients. 
Additionally, multidisciplinary and interdisciplinary teams should collaborate to ensure patients maintain optimal 
nutritional and oral health statuses.

The study findings revealed that higher neutrophil percentage and CRP values increased the risk of developing low 
oral health levels compared to moderate and high levels. Neutrophil percentage, commonly employed in clinical practice 
as an indicator of pathogen prediction, serves as the primary response cell during body inflammation. CRP, a non-specific 
inflammatory marker and acute phase response protein, also signals inflammatory response. Elevated neutrophil 
percentage and CRP levels both indicate inflammation in the body. While Khoury et al demonstrated that neutrophils 
could function as early prediction and diagnosis biomarkers for oral health, the present study relied on serum neutrophil 
percentage as a potential indicator associated with poor oral health, necessitating further validation through expanded 
sample sizes.44 Notably, Kotronia et al’s cross-sectional survey of community-dwelling older adults linked poor oral 
health with elevated CRP levels.45 Other studies have established that conditions like periodontitis, constituting poor oral 
health, act as risk factors for exacerbating neuroinflammation, potentially leading to a heightened chronic inflammatory 
state.46,47 Oral pathogens may impact systemic health by invading the airways or bloodstream. Dental issues such as 
tooth loss, associated with poor oral health, can result in chewing difficulties, affecting nutrient intake and causing 
deficiencies in antioxidants and vitamins, consequently influencing systemic inflammation levels.45 The observed 
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association between poor oral health, increased neutrophil percentage, and elevated CRP underscores the need for 
attention to inflammation levels in the medical management of elderly patients.

The findings of this study indicated that elderly patients with multimorbidity faced an elevated risk of developing 
moderate oral health as opposed to achieving high levels of oral health. Multimorbidity, defined as the coexistence of two 
or more chronic diseases within an individual,48 has seen an increased prevalence, with chronic diseases contributing to 
88.5% of total deaths in China in 2019.49 As the population ages, the confluence of multimorbidity and oral diseases 
becomes more apparent, with poor oral health, including tooth loss and oral inflammation, potentially leading to 
malnutrition, pain, and other adverse impacts on both quality of life and overall health. These factors collectively 
contribute to unhealthy aging and exacerbate chronic diseases in the elderly. Notably, periodontal inflammation emerges 
as a risk factor for systemic inflammation, ultimately culminating in cardiovascular disease.50,51 The strong association 
between poor oral health in older adults and chronic diseases, encompassing cardiovascular disease, diabetes, and 
Alzheimer’s disease, underscores the need to address oral health within the broader context of overall health 
management.50,52 Emerging theories propose that, alongside microvascular and macrovascular damage, endothelial 
dysfunction triggers local and systemic inflammatory responses, shaping the intricate relationship between chronic 
diseases and oral health.53,54 In light of these associations between oral health and diverse chronic diseases, it becomes 
imperative to enhance oral health behaviors among elderly patients and provide personalized health education.

The study findings indicated that debilitated elderly patients were at a higher risk of being categorized with a low 
level of health. Furthermore, elderly patients experiencing oral debilitation are more prone to be classified with 
a moderate level of oral health as opposed to a high level, as evidenced by Chew et al’s findings, which demonstrate 
a significant association between poor oral health and frailty in elderly inpatients.55 Oral health emerges as a predictive 
factor for frailty in the elderly, operating through various pathways, including functional and psychosomatic routes. Poor 
oral health leads to reduced protein and micronutrient intake, contributing to the onset of frailty in the elderly.18 

Additionally, the impact of poor oral health extends to self-esteem and social interactions, exacerbating the development 
of senile debility. Oral frailty is a series of phenomena and processes resulting in changes in various oral conditions 
(number of teeth, oral function, oral hygiene, etc). with age. It involves a diminished interest in oral health, a decrease in 
physical and mental reserve capacity, and dysfunction in eating, collectively leading to a deterioration in physical and 
psychological functioning.26 Importantly, this definition emphasizes that oral frailty is not solely an anatomical problem 
but also encompasses effects on the entire organism and psychological aspects. With a prevalence of 8.4%-22.7% in the 
elderly, oral frailty is closely linked to frailty, representing one of its types in the elderly.56 Oral frailty predicts the onset 
of debilitation, contributing to its development through malnutrition, systemic inflammatory response, and reduced 
quality of life.18 The interaction between frailty and oral frailty increases the risk of poor oral health in elderly inpatients. 
The study recommends that multidisciplinary teams, comprising professionals from dentistry, geriatrics, and nursing, pay 
close attention to oral frailty and debilitation. Early screening and assessment for debilitation, the establishment of early 
warning and predictive diagnostic models, and timely interventions and health education are crucial in improving the 
quality of life for elderly inpatients.

This study’s strength lies in its emphasis on the heterogeneity of characteristics among various groups, particularly in 
analyzing oral health and related factors in acutely admitted elderly inpatients. The exploration of factors such as age, 
CRP, frailty, and nutritional status provides valuable insights into their impact on the oral health of elderly inpatients. The 
comprehensive data collection, encompassing general demographic information, social characteristics, biochemical 
indicators, and other clinical details, facilitates a detailed analysis of the influencing factors. Consequently, the conclu-
sions derived from this study are considered representative and contribute significantly to the understanding of the 
complex interplay between these factors and oral health in elderly inpatients.

The cross-sectional design of this study limited the researcher’s ability to establish causal relationships between 
identified risk factors and latent class memberships. Therefore, future research should employ a more comprehensive 
approach, incorporating various study designs, such as longitudinal studies, to delve into the intricacies of oral health 
among acutely admitted elderly inpatients. Given the diverse social environments and lifestyle habits of elderly patients 
across different geographic regions, subsequent studies in China should adopt a multicenter, large-sample approach to 
comprehensively analyze the factors associated with oral health among this population. This study faced limitations 
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related to the survey instrument. Specifically, subgroups based on factors like periodontitis, or the number of teeth were 
not utilized to analyze poor oral health. Future investigations may benefit from a more nuanced exploration of subgroup 
analysis to enhance the understanding of the factors influencing oral health outcomes in elderly inpatients.

Conclusion
Through latent category analysis, three distinct latent classes of oral health were identified among acutely admitted 
elderly inpatients. Age, BMI, white blood cell count, neutrophil percentage, CRP, multimorbidity, nutritional status, 
frailty, and oral frailty emerged as significant factors influencing the oral health of older inpatients. To foster healthy 
aging among the elderly, both community and healthcare facilities must enhance oral health screening and assessment 
protocols tailored specifically for older adults. Additionally, collaborative efforts involving multidisciplinary teams 
comprising professionals from dentistry, nutrition, geriatrics, and nursing should be implemented to effectively manage 
the oral health needs of elderly patients. Moreover, adopting multidisciplinary approaches to deliver comprehensive oral 
health education and promote positive oral health behaviors among the elderly is paramount.
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