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Abstract: Background/Objectives: The aim of the study was to assess oral health-related quality of
life in patients with chronic graft-versus-host disease after allogeneic haematopoietic bone marrow
transplantation. Methods: A clinical examination was carried out on 23 patients, aged 42.28 + 16.66
years, who were diagnosed with chronic graft-versus-host disease, in order to assess the number and
progression of dental caries lesions and the presence of dental plaque. Caries risk was assessed using
the Cariogram based on data from the clinical examination, general health, and diet questionnaires.
Patients completed the Oral Health Impact Profile questionnaire. The scores from each area were
summed to determine the Oral Health Impact Profile summary score. Samples of saliva were
collected from the same patients, and salivary tests (unstimulated and stimulated salivary flow, pH
value of unstimulated and stimulated saliva, buffering capacity of stimulated saliva, colony density
of Lactobacillus and Streptococcus mutans bacteria) were performed. Results: Greater psychological
discomfort correlated with a lower unstimulated salivary flow rate (R =-0.511, p = 0.0212), a lower
pH of stimulated saliva (R = -0.495, p = 0.0266), more tooth sites with cavitated dentin lesions (R =
0.609, p = 0.0034) and fewer teeth (R = -0.599, p = 0.0041). A higher Oral Health Impact Profile
summary score correlated with a lower pH of the stimulated saliva (R =-0.486, p = 0.0297), fewer teeth
(R =-0.726, p = 0.00019), more tooth sites with cavitated dentin lesions (R = 0.588, p = 0.00509) and a
higher caries risk (R =0.542, p = 0.0112). A poorer assessment of oral health correlated with a higher
caries risk (R = 0.512, p = 0.0177). Conclusions: In summary, the study showed that patients have
lower oral health-related quality of life as a consequence of diminished salivary flow rate therefore
elevated caries risk factors and negative effect on oral health.

Keywords: dental caries; oral health related quality of life; xerostomia; bone marrow transplantation;
saliva; graft-versus-host disease; haematology; clinical study

1. Introduction

Chronic graft-versus-host disease (cGVHD) is a serious complication following allogeneic
haematopoietic stem cell transplantation that affects up to 80% of transplant recipients [1]. It can
occur in children with an incidence of 20-40% and in adults with an incidence of around 50%,
increasing to 60% with advancing age [2—4]. The disease manifests as a systemic multi-organ disease
that typically affects the skin, eyes, mouth, liver, genitals, gastrointestinal tract, lungs and
musculoskeletal system [5]. The pathophysiology of cGVHD is complex and not fully understood. It
involves donor autoreactive and alloreactive T and B cells that attack host tissues either by a direct
response or by severe inflammatory reactions [6]. During treatment with multiple
immunosuppressive drugs, the recipient's immune system is no longer able to recognise its own cells,
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resulting in clinical features that resemble autoimmune diseases such as scleroderma or Sjogren's
syndrome [7-9].

Oral manifestations of cGVHD deserve special attention as the oral cavity is one of the most
commonly affected sites and is often the primary site of disease manifestation [19]. Oral cGVHD
presents with various clinical features including mucosal changes, taste alterations, restricted tongue
mobility, reduced mouth opening, desquamative gingivitis and salivary gland dysfunction with
xerostomia or mucocele [8]. The disease leads to destruction of the salivary gland acini and thus to
quantitative and qualitative changes in saliva, which are exacerbated by immunosuppressive therapy
[10]. The impact on oral health is significant, as reduced salivary flow impairs the oral cavity's
immunity to infection and increases susceptibility to mechanical and chemical injury to oral mucosa.
Patients also have an increased risk of tooth decay, tooth loss and the need for extensive dental
treatment. In addition, these patients have a higher risk of developing oral squamous cell carcinoma
[8,11]. The comprehensive care of cGVHD patients requires a multidisciplinary approach involving
transplant specialists, dermatologists, ophthalmologists, dentists, and other medical professionals,
depending on the organs involved. Long-term follow-up is essential to monitor disease progression,
manage complications and adjust treatment strategies if necessary.

Dental caries is a chronic, multifactorial disease characterised by the demineralisation of hard
dental tissues by bacterial acids [12]. The process begins as subclinical enamel dissolution, potentially
progressing to visible non-cavitated and eventually cavitated lesions. Without treatment, caries can
advance to pulp infection, causing inflammation and necrosis [13,14]. Several key factors influence
caries development. Saliva provides essential protective mechanisms through surface cleaning, acid
buffering, bacterial control, and remineralisation promotion. Reduced salivary flow significantly
increases caries risk [15,16]. Dental plaque bacteria, particularly Streptococcus mutans and Lactobacillus,
create acidic conditions that promote tooth demineralisation when pH drops below 5.5 [17-21].
Dietary habits, especially frequent consumption of fermentable carbohydrates, significantly impact
caries development [22,23]. Regular exposure to fluoride through various applications enhances
tooth resistance to acid dissolution and promotes remineralisation, reducing caries susceptibility by
30-70% [18,24,25].

Determining a patient's likelihood of developing dental caries is essential for creating an
effective treatment plan. However, this evaluation presents challenges because tooth decay develops
through multiple interacting factors. The assessment needs to consider various personal
characteristics that affect the balance between tooth mineral loss and its restoration [24]. The
Cariogram software provides an unbiased tool for evaluating caries risk. This freely accessible
program calculates the probability of new cavity development by analyzing multiple risk factors,
including dietary habits (frequency and quantity of food consumption), bacterial factors (dental
plaque levels and Streptococcus mutans presence), individual susceptibility (use of fluoride products,
saliva's buffering ability, and saliva production rate), and current health status (existing cavities and
related health conditions). The main purpose of Cariogram is to identify patients with high cavity
risk so that appropriate preventive strategies and causative treatment regimens can be implemented
[26].

The Oral Health Impact Profile (OHIP) questionnaire is one of the most widely accepted and
comprehensive measures of subjective assessment of oral health-related quality of life, as its
questions cover a wide range of areas that influence quality of life [27]. It assesses quality of life from
three perspectives: physical, psychological and social [28]. It is one of the most useful tools in oral
health research to compare the success of different treatment methods and it has been translated into
more than 10 languages. OHIP-49 has been translated also into Slovenian (OHIP-SVN) and is a
suitable instrument to assess oral health-related quality of life in Slovenia [27].

The aim of this study was to determine the impact of cGVHD on oral health-related quality of
life.

2. Materials and Methods

23 adult patients who had undergone allogeneic haematopoietic stem cell transplantation and
were diagnosed with cGVHD (10 men and 13 women) were included in this study. They were
between 21 and 67 years old, with an average age of 42.28 + 16.66 years. They had different primary
blood diseases: 15 patients had acute myeloid leukaemia (AML), 6 patients had acute lymphoblastic
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leukaemia (ALL), one patient had T cell lymphoma, and one patient had myelodysplastic syndrome.
15 patients suffered from mild cGVHD (grade I), 5 from moderate cGVHD (grade II) and 2 from
severe cGVHD (grade III).

All patients were invited during their regular clinical visit at the Department of Haematology of
the University Clinical Center Ljubljana and informed about the aim and procedure of the study and
received a written explanation. Patients voluntarily and consciously participated in the study. Before
the clinical procedures, all patients signed a consent form for the present study. It was approved by
the National Medical Ethics Committee of the Republic of Slovenia under the number 0120-539/2016-
2 KME 40/11/16.

First, patients completed a questionnaire on general health, oral health and diet. Subsequently,
2 calibrated researchers performed clinical examinations and salivary tests. Carious lesions were
evaluated and categorised into non-cavitated lesions, cavitated lesions in enamel and cavitated
lesions in dentin. Caries risk factors evaluated were unstimulated and stimulated salivary flow, pH
of stimulated and unstimulated saliva, buffering capacity of stimulated saliva and colony density of
Lactobacillus and Streptococcus mutans bacteria. The Cariogram computer programme was used to
assess the caries risk.

The OHIP-SVN was used to assess oral health-related quality of life, which participants
completed at the end of their clinical examination. The questionnaire assesses categories such as
limited functionality, psychological difficulties, physical pain, physical, psychological, social, and
general impairment. The questionnaire also assesses the participant's perception of their oral health
and appearance. In the questions of the questionnaire, participants are asked to indicate how often
they have had certain problems in the last few months. The answers are analysed on a Likert scale: 0
means never, 1 rarely, 2 occasionally, 3 often, 4 always. Zero means that a particular problem is not
present, while the highest value indicates a clearly present problem [29]. The values of the individual
categories were then added together to obtain the OHIP summary score.

The statistical analysis was carried out using SigmaPlot 14.0 software (Systat). All results are
given as arithmetic means (M) with the corresponding standard deviations (SD). The criterion for
determining statistical significance was a p-value of less than 0.05.

The linear regression method was used to assess the correlation between the measured
parameters (unstimulated and stimulated salivary flow, pH of stimulated and unstimulated saliva,
buffer capacity of stimulated saliva and colony density of Lactobacillus and Streptococcus mutans
bacteria, results of the OHIP-SVN questionnaire), using Pearson correlation for parametric variables
and Spearman correlation for non-parametric variables.

3. Results

3.1. Results of the OHIP-SVN Questionnaire

The results are shown in Table 1.

Table 1. Results of the OHIP-SVN questionnaire.

Domain Score (Mean and SD)
Self-assessed oral health 2.21+0.9
Self-assessed oral aesthetic 2.09 +0.86
Functional limitation 1057
Physical pain 6.95 +4.69
Psychological discomfort 7.09 +5.33
Physical disability 7.01+6.93
Psychological disability 3.23+4
Social disability 1.32+2.17
Handicap 291+4.15

OHIP summary score 40.81 + 31.83
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3.2. Correlations Between the Measured Parameters and the Results of the OHIP-SVN Questionnaire

The results showed that a poorer assessment of oral health correlated with a higher caries risk
(R=0.512, p=0.0177). Greater psychological discomfort correlated with lower unstimulated salivary
flow (R =-0.511, p = 0.0212), lower pH of stimulated saliva (R = -0.495, p = 0.0266), a greater number
of tooth sites with cavitated lesions in dentin (R = 0.609, p = 0.0034), and a lower number of teeth (R
=-0.599, p = 0.0041). A higher OHIP summary score correlated with a lower pH of stimulated saliva
(R=-0.486, p=0.0297), a lower number of teeth (R =-0.726, p=0.00019) and a greater number of tooth
sites with cavitated lesions in the dentin (R = 0.588, p = 0.00509). A higher OHIP summary score also
correlated with a higher caries risk (R =0.542, p =0.0112).

4. Discussion

According to the results obtained in a study by Rener-Sitar et al. involving a population of 400
healthy participants our patients reported a poorer oral health-related quality of life [30]. This was
expected, as we found reduced salivary flow in our participants, which negatively affected oral health
and, in turn, lowered the quality of life. In comparison to the general population in the mentioned
study by Rener-Sitar et al., participants in our study rated their functionality as more limited,
experienced more psychological issues, greater physical impairment, higher mental distress, greater
social dysfunction, and a higher overall impairment.

CGVHD significantly impacts patients' quality of life across multiple dimensions, making it
notably different from the general healthy population [1,31].

Saliva plays a vital role in maintaining oral health through its multiple protective functions. It
aids in lubrication, buffering, remineralisation, antimicrobial activity, and facilitates taste perception
and digestion. When salivary flow is reduced (hyposalivation), it significantly impacts both oral
health and quality of life. Patients with reduced salivary flow often experience xerostomia (dry mouth
sensation), difficulties in speaking, eating, and swallowing, and may require frequent water intake.
The condition can lead to various oral manifestations including loss of mucosal glossiness,
development of thin and cracked oral mucosa, tongue fissures, angular cheilitis, and increased
susceptibility to oral infections, particularly candidiasis [32]. Furthermore, reduced salivary flow
increases the risk of dental caries, especially in atypical locations, due to decreased buffering capacity
and protective properties of saliva. The physical manifestations of cGVHD difficulties often lead to
functional limitations in daily activities, causing fatigue and reduced physical capabilities.

Our results correlate with those of Stolze et al.,, who performed a similar study to ours and
assessed the oral health-related quality of life in patients with oral cGVHD [33]. The shorter version
of OHIP with 14 questions (OHIP-14) was used and their results showed that oral health-related
quality of life was impaired and mostly negatively affected by complaints of oral pain and oral
sensitivity and less by the severity of oral mucosal cGVHD.

Psychological recovery after bone marrow transplantation is typically longer than physical
recovery, particularly in patients with persistent cGVHD [34,35]. While most transplantation
survivors demonstrate high resilience, they face numerous emotional challenges including
uncertainty, fear of relapse, anxiety, and depression. Factors associated with increased vulnerability
to emotional difficulties include traumatic transplantation experience, lower education levels, lower
income, and poorer pre-transplantation mental health [36,37]. Notably, persistent cGVHD and poor
current health status correlate with more severe psychological symptoms. Despite these challenges,
less than half of survivors with psychological needs receive appropriate treatment [38].

Our study did not find any other statistically significant differences between the severity of
c¢GVHD and different underlying diagnoses, in relation to the quality of life associated with oral
health.

Our results showed an association between a lower number of teeth and poorer quality of life
related to oral health in patients diagnosed with cGVHD, according to the OHIP questionnaire.
Studies have shown that tooth loss disrupts oral function and leads to difficulties in chewing and
impaired aesthetics [39]. Poorer quality of life is also linked to a greater number of tooth surfaces with
cavitated lesions in the dentin, as found by Leal and colleagues, who investigated the oral health-
related quality of life of children with cavitated lesions in the dentin. These lesions cause pain and,
due to sensitivity, make chewing with affected teeth more difficult [40].

d0i:10.20944/preprints202501.0698.v1
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Psychological issues in our participants, such as worry about teeth, discomfort, feelings of
misfortune, and tension related to oral health problems, were statistically significantly associated
with salivary parameters that contribute to caries formation and progression and to poorer dental
status. Additionally, we found that a poorer self-reported oral health status was linked to a higher
risk of developing caries. A higher risk of caries was also associated with poorer quality of life,
according to the results from the OHIP questionnaire.

The overall caries risk assessment includes salivary parameters, participants' previous
experiences with carious lesions or dental status, plaque on tooth surfaces, diet, fluoride intake, and
systemic diseases that directly or indirectly affect the oral condition in patients with chGVHD [26].
High caries risk indicates that individuals have a low chance of avoiding new carious lesions in the
future, which would lead to further deterioration of their oral health and quality of life. This situation
could be improved through preventive dental visits implemented at the time of primary disease
diagnosis and before bone marrow transplantation. By incorporating dental care into the initial
treatment planning, healthcare providers could take a more proactive approach to maintaining
patients' oral health, potentially reducing complications and improving overall quality of life
throughout their medical journey. This is especially important as it's the only way to break the vicious
cycle caused by the described dynamics.
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