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Abstract
Background: Cardiovascular Disease (CVD) is one of the leading causes of mortality and morbidity and significantly
impacts the health-related quality of life. Oral infections have been linked to cardiovascular diseases such as thrombosis, cardiac infarction, stroke, and peripheral vascular disease. This study aims to evaluate the effects of oral health on
the quality of life in cardiovascular patients.
Methods: The oral health-related quality of life was measured using the OHIP-14 questionnaire. Demographic information, questions regarding smoke consumption, wearing removable prostheses, nine questions regarding xerostomia, and the existence of other systemic diseases were asked from 240 participants with cardiovascular diseases. The
DMFT index was clinically examined in each patient. Also, the Plaque, Gingival, and Sulcular Bleeding Indices were
measured on the Ramfjord teeth. Data analysis was conducted using SPSS version 16. The independent t test, Mann–
Whitney test, the variance analysis, and the Kruskal–Wallis test were used to compare variables in the present study.
Also, regression models were used to eliminate the effect of confounding variables.
Results: Gender variables, removable prosthesis, xerostomia, DMFT, and SBI were the main determinants of quality of
life in CVD patients. The mean ADD-OHIP14 of participants in the study was calculated at 21.34 ± 17.40, and the SCOHIP14 was 6.11 ± 5.07. The mean OHRQoL was higher in females than in males, and this difference was statistically
significant. OHRQoL was significantly lower in patients wearing a removable prosthesis than in those without one. The
relationship between age and xerostomia was significant in this study, and patients with xerostomia had a lower quality of life than those without xerostomia. Also, the mean DMFT index in subjects with xerostomia was 23.69 ± 7.76,
which was statistically significant compared to those without xerostomia.
Conclusion: Cardiovascular patients experienced a decreased OHRQoL. Prevention or treatment of these problems
seems to justify improving the quality of life in these patients.
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Background
Cardiovascular Disease (CVD) is one of the major causes
of death and disability globally, resulting in a significant
increase in health care costs in society [1]. According to
WHO, CVD accounts for 31% of the causes of death in
the world and 20% in Iran [2]. In Eastern Mediterranean
countries, including Iran, heart diseases are important

© The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Molania et al. BMC Oral Health

(2021) 21:391

health care and social issues, and their aspects are rapidly increasing [3]. Modern treatments, expanded and
improved life expectancy lead to increased chronic diseases, followed by physical limitations and decreased life
quality [1]. Traditional measurement criteria in treatment outcomes such as mortality and morbidity measurements do not reflect functional capabilities, mental
status, and social interaction of individuals [1, 4]. Therefore, modern treatments focus on life quality and improving life expectancy, symptoms, and the functional status
of patients, which is an important achievement in determining therapeutic benefits [5]. Life quality definitions
are very diverse and are often defined as happiness, satisfaction, and a feeling of well-being [6]. Health-Related
Quality of Life (HRQoL) is a multi-factorial concept in
which physical and mental health measurements are conducted based on self-reported answers and is considered
a method for measuring the results of therapeutic interventions in patients with cardiovascular diseases. Several
studies have been undertaken on HRQoL in cardiovascular patients. For instance, Ko H.Y. et al. reported that
CVD is significantly associated with impaired HRQoL
[4]. Oral Health-Related Quality of life includes a part of
life quality that is mainly affected by oral health; in other
words, it demonstrates the effect of oral diseases on the
quality of life in patients [7]. Difficulties such as xerostomia, edentulousness, soft tissue lesions, poorly adapted
prostheses, pain, infections, and limitation in eating and
drinking are problems caused by the lack of oral health,
which simultaneously affect the overall systemic health
and life quality of patients [8]. Oral health and general
health cannot be considered separately, as studies have
clarified the link between oral and systemic diseases such
as CVD [9]. Poor oral health in CVD patients leads to
increased oral debris, calculus, and periodontal diseases,
which increase coronary artery diseases (CAD). Studies
have also reported that topical and systemic infections
can start or be related to the progression of atherosclerotic plaques [10]. Questionnaires can be used for evaluating the quality of life associated with oral health. To
evaluate the effects of oral health on the life quality of
patients with cardiovascular disease, the OHIP-14 questionnaire was used in the present study, which Slade
first used in 1997 to evaluate seven aspects of quality
of life associated with oral health [8]. The relationship
between OHRQoL and different chronic diseases has
been addressed in previous studies [11, 12]. Due to the
lack of sufficient studies that examine the OHLQoL in
CVD patients, we evaluated the importance of CVD as
a chronic disease, its effects on oral health, and the lack
of studies on the impact of oral health on the quality of
life in CVD patients. Therefore, the present study aims to
investigate the oral health-related quality of life (OHQoL)
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in cardiovascular patients referred to Fatima Zahra Hospital in Sari, Iran, in 2019.

Methods
This descriptive-analytic epidemiologic study was conducted on patients with CVD referred to Fatima Zahra
Hospital in Sari, Iran, in 2019. The average estimation
formula was used to determine the sample size. According to a study conducted by Abedi et al., the standard
deviation of the quality-of-life score was 15.57. Considering this standard deviation, with an acceptable error
of 2 and a 95% confidence interval, the sample size of
the present study was estimated to be 240 subjects [13].
By starting the study on 1/25/2019, Samples matching the inclusion criteria entered the study using the
census method until the total sample size reached 240
subjects by 3/23/2019. In other words, it took approximately 3 months to determine the total sample size of
all patients referring to Fatemeh Zahra Heart Hospital. In this period, all eligible samples had the chance to
enter the study. The inclusion criteria were patients with
CVD who had at least 20 remaining teeth; illiterate people and those unable to complete the questionnaire were
excluded from the study.
First, all participants received an explanation about the
purpose and stages of this study. Then, informed consent was obtained from all subjects. After oral approval,
demographic information, including age, gender, and
occupation, was recorded. Only one trained questioner
was involved in completing the questionnaires in the present study. Questions about smoking, wearing removable
prostheses, and nine other questions regarding xerostomia were asked from each individual. Patients who
responded positively to five of nine oral dryness questions were considered patients with xerostomia [14].
Information about the presence of other possible systemic diseases was also documented.
It should be noted that the group classified as “Others” includes patients with other underlying diseases or
several systemic diseases. Due to the small number of
these patients in each subgroup, they were classified as
a separate group named “Others.” Measurement of oral
health related to the quality of life was conducted using
the OHIP-14 questionnaire; the validity and reliability of
the Farsi version were confirmed [14]. The Alpha’s Cronbach for each OHIP-14 domain, item, and the total score
is presented in Table 1 for seven subgroups, including
functional limitation, physical pain, physical discomfort,
physical disability, psychological disability, social disability, and handicap. Two different methods were used
to evaluate the responses: A.D.D. (additive) method in
which the test options were scored as follows: never = 0,
seldom = 1, sometimes = 2, almost often = 3, and in the
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Table 1 The Alpha’s Cronbach for each OHIP-14 domain and total score
Domain

Cronbach’s alpha

Item

1

Functional limitation

0.259

1. Trouble pronouncing words

2

Physical pain

0.552

3. Painful aching in mouth

3

Psychological discomfort

0.927

5. Self-conscious

4

Physical disability

0.965

7. Unsatisfactory diet

5

Psychological disability

0.909

9. Difficult to relax

6

Social disability

0.925

11. Irritability with others

7

Handicap

0.815

13. Felt life less satisfying

2. Sense of taste worse
4. Uncomfortable to eat
6. Felt tense
8. Had to interrupt meals
10. Embarrassed
12. Difficulty doing usual jobs
14. Totally unable to function
Total

0.953

majority of cases = 4. The ADD-OHIP-14 rating has a
variable between 0 and 56; the lower the score, the better the patient’s life quality. In another method, Simple
Count (SC), the score 0 was allocated for the options
‘never’ and ‘seldom’, and score one was earmarked for the
options ‘sometimes’, and ‘almost often’, which was found
to be the case in the majority of answers. This method
was considered because some people may not have
understood the actual difference between the questionnaire options. Using this method, the score SC-OHIP-14
ranged from 0 to 14. A lower score, once again, pointed
to a higher quality of life in the patients [14].
The patients were clinically examined, and their DMFT
and Plaque Indices (PI) were recorded. Each patient’s
Gingival Index (GI) was measured according to Loe and
Silness method, and the Sulcus Bleeding Index (SBI) was
examined on each individual’s Ramfjord teeth (teeth
number 3, 9 12, 19, 25, 28). If one of the mentioned teeth
was absent, the adjacent teeth were examined. Data were
entered into the SPSS version 16 software. The Shapiro–
Wilk test assessed the normality of quantitative variables.
All variables were described using mean, standard deviation, and frequency. To compare quantitative variables
between two groups, the independent t test or Mann–
Whitney test, and the comparison of more than two
groups, the analysis of variance or the Kruskal–Wallis
test was used. The Chi-square test was used to examine
the classified variables. In addition, Spearman’s correlation coefficient was used to investigate the relationship
between the patients’ quality of life and quantitative
variables such as age, PI, GI, SBI, and DMFT. Next, the
Multivariate logistic regression test was used to evaluate the factors related to xerostomia in patients with

cardiovascular disorders. Eventually, the Multivariate linear regression test was also used to evaluate the factors
associated with the quality of life score in patients with
cardiovascular disease. The significance level was considered as P value < 0.05.

Results
Of the 240 patients who participated in this study, 148
(61.7%) were male, and 92 (38.3%) were female, all suffering from CVD. The mean age of the subjects was
59.34 ± 18 (29–88 years). 68% of the patients in either
one or both of their jaws used a removable partial denture. A history of alcohol consumption was reported in
14 patients (5.8%), 48 (20%) had a history of smoking, 107
(44.6%) only suffered from CAD, and 133 (55.4%) had
other systemic diseases. 33 (13.8%) patients had diabetes,
15 (6.2%) had high blood pressure, 16 (6.7%) had diabetes and high blood pressure, and 9 (3.8%) had kidney diseases and other illnesses. There were thyroid problems,
neurological diseases, asthma, gout, prostate problems,
Parkinson’s disease, thalassemia, and joint rheumatism.
The involvement of three or more systemic diseases was
documented as other groups in the results. According to
the present study criteria, xerostomia was positive in 102
(42.5%) patients and negative in 138 (57.5%). The average xerostomia was calculated at 3.37 ± 3.5, and the average PI was 1.98 ± 0.62. The average GI was 1.68 ± 0.75,
and the average SBI was 0.78 ± 0.39. The mean ADDOHIP14 of participants in the study was calculated at
21.34 ± 17.40, and the SC-OHIP14 was 6.11 ± 5.07. The
mean DMFT was calculated to be 20.96 ± 8.26. (Table 2).
To investigate xerostomia and its relationship with
quantitative variables, the Mann–Whitney test was used.
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Table 2 Mean ± SD, median, and range of study variables
Variables

Number (n)

Mean ± SD

Age

240

PI

240

59.34 ± 1.18

GI

240

SBI

240

Xerostomia

240

ADD-OHIP14

240

SC-OHIP14

240

DMFT

240

1.98 ± 0.62

1.68 ± 0.75

0.78 ± 0.39

3.37 ± 3.15

21.34 ± 17.40
6.11 ± 5.07

20.96 ± 8.26

Median

Range

59

29–88

2

0/25–3

2

0–3

1

0–1

3

0–9

19

0–56

5

0–14

22

2–32

The following results were obtained: The mean age of
patients with xerostomia was 62.12 ± 11.9, the relationship between age and xerostomia was significant in this
study (P value = 0.002). The plaque index was higher in
patients with xerostomia than in patients without xerostomia, but this relationship was not statistically significant. The SBI was 0.8 ± 0.37 in patients with xerostomia
and 0.76 ± 0.4 in patients without xerostomia, and this
relationship was not statistically significant. The mean
of life quality was lower in patients with xerostomia than
in those without xerostomia (P value = 0.000). Finally,
the mean DMFT index in subjects with xerostomia was
23.69 ± 7.76, statistically significant (P value = 0.000)
than those without xerostomia (Table 3).
The Chi-square test was used to investigate the qualitative variables in this study and their relationship with
the dependent variable of xerostomia. The results are as
follows: Xerostomia was observed in 55 males (37.2%)
and 47 females (51.5%), which showed a significant association between gender and xerostomia (P value = 0.034).
In 35 patients (51.5%), Xerostomia was observed with a
removable partial denture and 67 (39%) patients without
a removable partial denture. The relationship between
using removable partial dentures and xerostomia was not
statistically significant. Xerostomia was positive in 6 of
14 (42.9%) patients with a previous alcohol consumption

history. The relation between the smoking history of
patients and xerostomia was not significant in this study;
however, xerostomia was seen in 20 (41.7%) smokers.
Xerostomia was observed in 38 patients (35.5%) with
CVD and 64 (48.1%) patients with CVD who also suffered
from other systemic diseases. Despite the higher frequency, this relationship was not statistically significant.
In the study of factors related to xerostomia, the variables
of age, gender, removable partial denture, cigarette and
alcohol consumption, DMFT, PI, GI, SBI, and systemic
diseases were included in the regression model, which
adjusted the effect of each of these variables. Related factors to xerostomia were done using a logistics regression
test. The impact of the suspected confounding variables
was moderated. The odds of xerostomia in women were
1.8 times greater than in men. In other words, it can be
stated that the risk of xerostomia in women with CVD
is 82% higher than in men after adjusting the effects of
these variables, but this difference was not statistically
significant. Assessing the variable of age, xerostomia
increases by 0.1, which is a minimal amount for each year
increase in age.
Also, in CVD patients wearing a removable partial
denture, the rate of xerostomia was 0.86 times higher
than cardiovascular patients without a removable partial
denture. In other words, the odds of xerostomia in cardiovascular patients with a removable partial denture
are 14% lower than those without one. The probability of
xerostomia in people with CVD who report alcohol consumption is 1.55 times greater than that of people who
did not have a history of alcohol abuse in the past, but
this difference was not statistically significant. The odds
of xerostomia in CVD patients with a history of smoking
are also 1.05 times greater than that of patients who had
not used cigarettes in the past. Again, this relationship
was not statistically significant. The results showed that
each unit increase in the DMFT index increased the odds
of xerostomia by 1.09, which was statistically significant
(P = 0.001). In those cardiovascular patients classified as

Table 3 The relationship between xerostomia and measured quantitative variables
Variables

Age
PI
GI
SBI
OHRQOL
DMFT
*

P value < 0.05

Patients with xerostomia

Patients without xerostomia

Mean ± S.D

Number (n)

Mean ± S.D

Number (n)

62.12 ± 11.90

102

57.28 ± 11.35

1.63 ± 0.72

102

26.32 ± 16.93

102

2.01 ± 0.56

102

0.8 ± 0.37

102

23.69 ± 7.76

102

P value

138

0.002*

1.97 ± 0.66

138

0.879

1.71 ± 0.77

138

0.481

0.76 ± 0/40

138

0.399

17/65 ± 16.87

138

< 0.001*

18.94 ± 8.06

138

< 0.001*
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the “Others” group in the study, the risk of xerostomia
was also 2.33 times higher, which was statistically significant (P value = 0.017). The odds of xerostomia grow 1.39
times higher with an increase in the PI index, but this difference was not statistically significant. With an increase
in the SBI, the odds of xerostomia are multiplied by 2.25,
but the difference is not statistically significant. However, an increase in GI decreases the odds of xerostomia
by 46%, which is statistically significant (P value = 0.041)
(Table 4). The Hosmer–Lemeshow test was performed
for the logistic regression model. The significance level of
the model based on the results of the Hosmer and Lemeshow test was 0.224. Since this value is above 0.05, the
null hypothesis of an acceptable explanation of the data is
confirmed by the model.
According to logistic regression analysis, DMFT, other
systemic diseases, and GI were the significant determinants of xerostomia in cardiovascular patients. It should
be noted that the variables which were entered in the
multivariate logistics regression model of factors affecting xerostomia showed that these variables predicted
19.6% of the outcomes of xerostomia in patients with
cardiovascular disease. The Spearman Correlation Test
was used to examine the other dependent variable of this
study, the oral health relating to the quality of life, with
quantitative independent variables. The relationship
between age, PI, and GI with OHRQoL was not statistically significant, but the relationship between SBI and
OHRQoL was statistically significant (P value = 0.012).
The relationship between the DMFT index and quality of
life was statistically significant (P value = 0.000) (Table 5).
The following results were obtained assessing the
relationship between qualitative variables and oral

Table 5 The relationship between OHRQoL and quantitative
variables studied
Quantitative variables

r (spearman correlation
coefficient)

P value

Age

0.07

0.293

PI

0.06

0.368

GI

0.11

0.093

SBI

0.16

0.012*

DMFT

0.24

< 0.001*

*

P value < 0.05

health-related quality of life. The mean OHRQOL in
women was higher than in men, and this difference was
statistically significant (P value = 0.026). OHRQoL was
lower in patients wearing a removable partial denture
than in those without one, and this difference was statistically significant (P value = 0.009). The average score of
OHRQoL in people with alcohol abuse was higher than
in those who did not consume alcohol, but this difference
was not statistically significant. The mean OHRQOL
score in subjects with a smoking history was higher than
in non-smokers, and this relationship was not statistically
significant. On average, the life quality score in patients
who also suffered from other systemic diseases was lower
than those who only suffered from CVD. Still, this difference was not statistically significant (Table 6).
Assessing the factors related to OHRQoL and using
multivariate linear regression, the effect of age, gender,
removable partial denture, smoking and alcohol consumption, DMFT, PI, GI, SBI, and a history of systemic
diseases were modified. According to the multivariate
linear regression analysis results, the quality of life in

Table 4 Factors related to xerostomia in CVD patients (multivariate logistic regression)
Variable

Odds ratio

Confidence interval 95%

P value

Wald test

Gender

1.79

0.92–3.48

0.089

2.899

Age

1.00

0.97–1.03

0.989

0.000

Removable partial denture

0.86

0.43–1.69

0.657

0.197

Smoking

1.05

0.45–2.47

0.903

0.015

Alcohol consumption

1.55

0.42–5.73

0.513

0.428
11.838

DMFT

1.09

1.04–1.14

0.001*

Diabetes

1.10

0.46–2.62

0.832

0.045

High blood pressure

1.49

0.44–5.02

0.519

0.415

Diabetes and high blood pressure

1.31

0.41–4.22

0.651

0.205

Kidney disorders

0.90

0.19–4.25

0.899

0.016

Others

2.33

1.11–4.91

0.026*

4.973

GI

0.54

0.30–0.97

0.041*

4.180

PI

1.39

0.68–2.84

0.366

0.816

SBI

2.25

0.84–6.03

0.107

2.602

*

P value < 0.05
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Table 6 The relationship between OHRQoL and qualitative
variables

Table 7 Factors related to the OHRQoL in CVD patients
(multivariate linear regression)

Qualitative variables

Number (n)

Mean ± SD

P value

Variables

Male

148

0.026*

Age

Female

92

19.66 ± 17.51

16.76 ± 16.57

0.009*

Gender

Gender

Removable partial denture
Uses

68

Does not use

172

Alcohol consumption
Positive

14

Negative

226

Smoking
Positive

48

Negative

192

Co-morbidity with other systemic diseases

*

Positive

133

Negative

107

24.04 ± 16.96

Removable partial denture
Smoking

23.15 ± 17.44
24.57 ± 18.96

0.634

21.14 ± 17.33
25.39 ± 18.82

P value < 0.05

women with CVD was 0.19 units higher than in men;
women had a lower quality of life than men. For each unit
increase in age, the OHRQoL score is reduced by 0.04
units. The quality-of-life scores in patients with a removable partial denture were 0.32 times lower than those
without a removable partial denture. This difference was
statistically significant (P value = 0.000). The OHRQoL
score in patients with a history of alcohol consumption
increased by 0.03, and in those with a history of smoking increased by 0.01 units. Finally, the OHRQoL score
in patients with xerostomia increased by 0.15 units. In
other words, patients with xerostomia had a worse quality of life than those without xerostomia. This difference was statistically significant (P value = 0.012). The
OHRQoL score for an increase in each unit of DMFT
also increased by 0.35 units, and this difference was statistically significant (P value = 0.000). The OHRQoL
score in patients with systemic diseases decreased, but
it was not statistically significant. The OHRQoL score
increased by 0.03 times with an increase in the GI score
and decreased by 0.13 times by increasing the PI score,
none of which were statistically significant. Each unit
increase in the SBI score increased by 0.29 times in the
OHRQoL score, and this difference was statistically significant (P value = 0.008) (Table 7).
Generally, the linear regression model results showed
that the variables of gender, parietal prosthesis, xerostomia, SBI, and DMFT are the main determinants of
OHRQoL in patients with cardiovascular disease. It
should be noted that the variables included in the multivariate linear regression model account for 21% of

< 0.001*

0.10

0.142

0.03

0.631

0.15

0.012*
< 0.001*

− 0.04

0.474

− 0.08

0.168

Diabetes

Kidney disorders
GI

0.879

0.592

− 0.32

0.35

Others

21.82 ± 17.52

0.004*

Xerostomia

Diabetes and blood pressure
0.109

0.19
− 0.04

P value

DMFT
Blood pressure

20.32 ± 16.93
20.95 ± 17.36

Alcohol consumption

Beta

PI
SBI
*

− 0.00

0.955

− 0.04

0.436

0.03

0.728

− 0.01

− 0.13
0.21

0.770
0.158
0.008*

P value < 0.05

changes in the oral health-related quality of life in cardiovascular patients.

Discussion
Many studies have evaluated the effects of oral problems
on the life quality of patients with common systemic
diseases [15, 16]. CVD patients showed oral complications that seem to be related to the life quality associated with their oral health. Based on the findings of this
study, the average oral health-related quality of life was
21.34 ± 17.40. Assessing factors related to life quality, the effects of variables such as age, gender, removable partial denture, smoking and alcohol consumption,
DMFT index, systemic diseases, PI, GI, and SBI. were
modified using multivariate linear regression analysis.
It was concluded that variables of gender, removable
partial denture, xerostomia, DMFT, and SBI. were the
main determinants of quality of life in CVD patients.
According to the results, women had a lower quality of
life than men. Patients with a removable partial denture
had a better OHRQoL than those without one. Patients
with xerostomia and a higher DMFT index had a lower
quality of life. The present study is the first study on oral
health-related quality of life in cardiovascular patients
that addresses the similarities and differences. In Motalebnejad et al. study [14] regarding the effects of diabetes on OHRQoL, women showed a lower quality of
life than men. This could be related to the age and postmenopausal status of women. Menopause effectively
increases stress levels in women. Studies have shown
that psychological stress increases in women before
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and after menopause, affecting their OHRQoL [1]. In a
study by Jiange et al., women showed a lower quality of
life than men, related to a more severe psychological status in women than men [17]. Martinelli et al. suggested
that being a male decreases the chance of lower scores
in physical and psychological functions and observed
a similar result in their study. The main reason for the
decrease in the quality of life in women compared to men
was not mentioned. Still, the possible reasons for this
decrease in women were lower self-esteem, hard work,
and perhaps workplace problems [18]. The use of a dental prosthesis leads to improvements in the chewing and
beauty of the patient, which seems to improve the oral
health-related quality of life in these cases. Xerostomia
can lead to several oral issues, including increased dental caries, halitosis (bad breath), burning sensation, dental plaque accumulation, atrophy, mucositis, ulcers, and
opportunistic infections (bacterial, fungal, and viral), and
gingival diseases [19, 20]. According to the results of this
study, the OHRQoL was lower in patients with xerostomia who had a higher DMFT index, which is reasonable considering the effects of xerostomia on oral health.
Jellema et al. assessed the effects of radiation-induced
xerostomia on the life quality of patients with head and
neck cancer, which concluded that there were significant negative effects between these parameters in individuals. They emphasized the importance of preventing
xerostomia from preventing further complications and
improving the quality of life in patients [19]. Another
study by Henson et al. assessed the effects of oral dryness
on the quality of life in patients receiving parotid gland
radiotherapy. This study was consistent with the present
study, suggesting that the worst quality of life-related
to xerostomia occurs during radiation therapy. A few
months after radiotherapy, subsequent to improving salivary gland function and increasing the salivary flow, the
quality of life in patients increased significantly [20]. A
study by Van Rij used a more recent treatment approach
instead of conventional radiotherapy, which led to less
damage to the salivary glands. Therefore, it reduced the
gland dysfunction resulting in a significant improvement
in the quality of life-related to xerostomia in patients
[21]. Bakhtiar et al. [22] reported a positive correlation
between the DMFT index and quality of life in Iranian
adolescents. Tubert-Jeannin et al. [23] also found a similar relationship between decayed teeth and oral healthrelated to the quality-of-life index, which is consistent
with the results of the present study. Biazevic et al. [24]
also assessed the relationship between oral health and the
quality of life, suggesting a positive and significant correlation between the highest OHIP score and the DMFT
index. Mtaya et al. [25] found no significant association
between the DMFT index and the OHRQoL in children,
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contradicting the present study results, which seems
to be due to age and systemic disease condition differences of the participants in the two studies. The present
study also modified the odds of xerostomia incidence by
using a multivariate logistic regression test for variables
such as age, gender, removable partial denture, smoking
and alcohol consumption, DMFT index, systemic diseases, PI, GI, and SBI. in cardiovascular patients. It was
observed that the DMFT index, GI, and systemic disease
variables were the main determinants of xerostomia in
the mentioned patients. The effects of xerostomia on oral
health and tooth decay and oral health indices have been
reported in several studies, confirming the present study
results [19, 20, 26]. Several factors may lead to xerostomia, namely topical and psychological factors, and systemic diseases being the main etiology of this condition
[26]. Studies have stated that the anticholinergic effects
of many drugs, alcohol consumption, and radiotherapy in
the head and neck region are the main causes of xerostomia [27]. Therefore, considering the advanced age
of the participants in this study and the co-morbidity
of other systemic diseases and CVD and simultaneous
usage of multiple drugs, it seems that the relationship
between systemic diseases and xerostomia in these subjects can be justified. Notably, the plaque, gingival, and
sulcular bleeding indices were measured in cardiovascular patients in this study. Many studies have assessed
the relationship between periodontal and cardiovascular
diseases [28]. Rutger Persson’s study evaluated the relationship between periodontitis and myocardial infarction
and eventually suggested that the risk of CVD increases
with the severity of periodontal disease [28]. Genco et al.
concluded that alveolar bone loss was more pronounced
in patients with diabetes mellitus and CVD [29]. In
Meurman,study which explored a variety of studies on
the relationship between periodontal and cardiovascular
disease, it has been suggested that designing and reaching an agreement on the relationship between these two
categories is difficult (30). An increase in the plaque,
gingival, and sulcular bleeding indexes in cardiovascular
patients increased their quality-of-life scores resulting
in worse quality of life for these individuals. Also, CVD
patients with xerostomia had a lower quality of life than
those without xerostomia. It seems that the prevention
or treatment of these problems is justified to improve the
quality of life in these patients.

Conclusion
Cardiovascular patients experienced a worse OHRQoL
due to oral problems, including xerostomia and increased
plaque, gingival, and sulcular bleeding indices. Therefore,
prevention or treatment of these problems seems to justify improving the quality of life in these patients.
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Strengths and limitations
According to our knowledge, this is the first study that
assessed OHLQoL in cardiovascular patients using the
OHIP-14 questionnaire and by clinically examining oral
indices such as DMFT, PI, GI, and SBI. Due to the wide
range of lesions and oral problems and the impact that
each of these problems can have on the OHLQol, we were
only able to evaluate the effects of a few of these issues.
Therefore, further studies are necessary to confirm that
these results are generalizable to the entire cardiovascular patients. Different medications are prescribed for
cardiovascular patients that may affect OHRQoL in these
patients. However, due to the wide range of drugs used in
these patients and the prolongation of the results evaluating the effect of each of these drugs on the OHRQoL was
not possible for the authors. This is considered as one of
the limitations of the present study. We recommend further studies to evaluate the effect of medications taken by
the participants on their OHRQoL. Another limitation of
the present study was the lack of determination of Intrarater reliability, which approves the consistency in ratings given by the same individual across multiple samples
prior to the inception of the study.
Abbreviations
CVD: Cardiovascular disease; DMFT: Decayed, missing, and filled teeth; PI:
Plaque index; GI: Gingival index; SBI: Sulcus bleeding index; OHLQoL: Oral
health related quality of life; WHO: World Health Organization; CAD: Coronary
artery disease; SC: Simple count.
Acknowledgements
We sincerely thank the kind contributions of all patients who participated
in this study, the experts of the research center of Mazandaran University of
Medical Sciences, Dr. S.M. Pourmirafzali, who kindly helped us to improve the
English of the article and, anyone who helped us to finalize this research.
Authors’ contributions
H.E., A.H., and N.G. collected the data, M.M. performed the statistical analyses,
interpreted data, and drafted and revised the manuscript for important
intellectual content. T.M., M.T., and A.M.S. reviewed the analyses and the
final version of the manuscript. M.S. and A.M.S. interpreted data, revised the
manuscript for important intellectual content, and approved the final version.
All authors have read and approved the manuscript.
Funding
Not applicable.
Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations
Ethics approval and consent to participate:
The Ethics Committee approved this study of Mazandaran University of Medical Sciences (IR.MAZUMS.REC.1397.1158), and all methods of this study were
carried out following the STROBE checklist guidelines and regulations. In addition, written informed consent was obtained from all the participants.
Consent for publication
Not applicable.

Page 8 of 9

Competing interests
All authors declare that there is no conflict of interest.
Author details
Department of Oral Medicine, Dental Research Center, Mazandaran University of Medical Sciences, Sari, Iran. 2 Faculty of Dentistry, Mazandaran University
of Medical Sciences, Sari, Iran. 3 Student Research Committee, Faculty
of Dentistry, Mazandaran University of Medical Sciences, Sari, Iran. 4 Department of Cardiology, Faculty of Medicine, Mazandaran University of Medical
Sciences, Sari, Iran. 5 Department of Periodontology, Dental Research Center,
Mazandaran University of Medical Science, Sari, Iran. 6 Gastrointestinal Cancer
Research Center, Non‑communicable Disease Institute, Mazandaran University
of Medical Sciences, Sari, Iran. 7 Department of Endodontics, Dental Research
Center, Mazandaran University of Medical Science, Sari, Iran. 8 Department
of Restorative Dentistry, Faculty of Dentistry, Shahid Beheshti University
of Medical Sciences, Babol, Iran.
1

Received: 2 November 2020 Accepted: 4 August 2021

References
1. Lozano R, Naghavi M, Foreman K, Lim S, Shibuya K, Aboyans V, et al.
Global and regional mortality from 235 causes of death for 20 age groups
in 1990 and 2010: a systematic analysis for the Global Burden of Disease
Study 2010. Lancet. 2012;380(9859):2095–128.
2. Ghaemmohamadi MS, Behzadifar M, Ghashghaee A, Mousavinejad N,
Ebadi F, Shahri SSS, et al. Prevalence of depression in cardiovascular
patients in Iran: a systematic review and meta-analysis from 2000 to 2017.
J Affect Disord. 2018;227:149–55.
3. Sarrafzadegan N, Mohammmadifard N. Cardiovascular disease in Iran in
the last 40 years: prevalence, mortality, morbidity, challenges and strategies for cardiovascular prevention. Arch Iran Med. 2019;22(4):204–10.
4. Ko H-Y, Lee J-K, Shin J-Y, Jo E. Health-related quality of life and cardiovascular disease risk in Korean adults. Korean J Fam Med. 2015;36(6):349.
5. Thompson DR, Yu C-M. Quality of life in patients with coronary heart
disease-I: assessment tools. Health Qual Life Outcomes. 2003;1(1):1–5.
6. Soleimani MA, Zarabadi-Pour S, Motalebi SA, Allen K-A. Predictors
of quality of life in patients with heart disease. J Religion Health.
2020;59(4):2135–48.
7. Shay B, Ben Ami O, Levy Ianculovici D, Zini A, Ianculovici C, Almoznino G.
Oral health-related quality of life in patients with disorders of nutrition. J
Oral Rehabil. 2019;46(4):355–68.
8. Nikbin A, Bayani M, Jenabian N, Motallebnejad M. Oral health-related
quality of life in diabetic patients: comparison of the Persian version of
Geriatric Oral Health Assessment Index and Oral Health Impact Profile: a
descriptive-analytic study. J Diabetes Metab Disord. 2014;13(1):1–10.
9. Carramolino-Cuéllar E, Tomás I, Jiménez-Soriano Y. Relationship between
the oral cavity and cardiovascular diseases and metabolic syndrome. Med
Oral Patol Oral Cir Bucal. 2014;19(3):e289.
10. Wenger NK, Mattson ME, Furberg CD, Elinson J. Assessment of quality of life in clinical trials of cardiovascular therapies. Am J Cardiol.
1984;54(7):908–13.
11. Mühlberg S, Jäger J, Krohn-Grimberghe B, Patschan S, Mausberg
RF, Schmalz G, et al. Oral health-related quality of life depending on
oral health in patients with rheumatoid arthritis. Clin Oral Investig.
2017;21(9):2661–70.
12. Camacho-Alonso F, Cánovas-García C, Martínez-Ortiz C, De la ManoEspinosa T, Ortuño-Celdrán T, Marcello-Godino JI, et al. Oral status, quality
of life, and anxiety and depression in hemodialysis patients and the effect
of the duration of treatment by dialysis on these variables. Odontology.
2018;106(2):194–201.
13. Abedi HA, Yasaman-Alipour M, Abdeyazdan GH. Quality of life in heart
failure patients referred to the Kerman outpatient centers, 2010. J Shahrekord Uuniv Med Sci. 2011;13:55–63.
14. Motallebnejad M, Hadian H, Mehdizadeh S, Hajiahmadi M. Validity and
reliability of the Persian version of the oral health impact profile (OHIP)14. Casp J Intern Med. 2011;2(4):314.
15. Lux J, MSW BA. Review of the oral disease-systemic disease link. Part I:
heart disease, diabetes. Can J Dent Hyg. 2006;40(5):288–302.

Molania et al. BMC Oral Health

(2021) 21:391

16. Manfredi M, McCullough MJ, Vescovi P, Al-Kaarawi ZM, Porter SR.
Update on diabetes mellitus and related oral diseases. Oral Dis.
2004;10(4):187–200.
17. Jiang Y, Hesser JE. Associations between health-related quality of life and
demographics and health risks. Results from Rhode Island’s 2002 behavioral risk factor survey. Health Qual Life Outcomes. 2006;4(1):1–10.
18. Martinelli LMB, Mizutani BM, Mutti A, D’elia MPB, Coltro RS, Matsubara BB.
Quality of life and its association with cardiovascular risk factors in a community health care program population. Clinics. 2008;63(6):783–8.
19. Jellema AP, Slotman BJ, Doornaert P, Leemans CR, Langendijk JA. Impact
of radiation-induced xerostomia on quality of life after primary radiotherapy among patients with head and neck cancer. Int J Radiat Oncol
Biol Phys. 2007;69(3):751–60.
20. Henson BS, Inglehart MR, Eisbruch A, Ship JA. Preserved salivary output
and xerostomia-related quality of life in head and neck cancer patients
receiving parotid-sparing radiotherapy. Oral Oncol. 2001;37(1):84–93.
21. Van Rij CM, Oughlane-Heemsbergen WD, Ackerstaff AH, Lamers EA, Balm
AJM, Rasch CRN. Parotid gland sparing IMRT for head and neck cancer
improves xerostomia related quality of life. Radiat Oncol. 2008;3(1):1–10.
22. Bakhtiar M, Mohammadi TM, Hajizamani A, Vossoughi M. Association of
oral health indicators with quality-of-life related to oral health among
iranian adolescent. J Int Oral Health JIOH. 2014;6(6):5.
23. Tubert-Jeannin S, Pegon-Machat E, Gremeau-Richard C, Lecuyer M, Tsakos
G. Validation of a French version of the Child-OIDP index. Eur J Oral Sci.
2005;113(5):355–62.

Page 9 of 9

24. Biazevic MGH, Rissotto RR, Michel-Crosato E, Mendes LA, Mendes MOA.
Relationship between oral health and its impact on quality of life among
adolescents. Braz Oral Res. 2008;22(1):36–42.
25. Mtaya M, Åstrøm AN, Tsakos G. Applicability of an abbreviated version
of the Child-OIDP inventory among primary schoolchildren in Tanzania.
Health Qual Life Outcomes. 2007;5(1):1–11.
26. Mortazavi H, Baharvand M, Movahhedian A, Mohammadi M, Khodadoustan A. Xerostomia due to systemic disease: a review of 20 conditions
and mechanisms. Ann Med Health Sci Res. 2014;4(4):503–10.
27. Olver IN. Xerostomia: a common adverse effect of drugs and radiation.
Austr Prescr. 2006;29(4):97–8.
28. Rutger Persson G, Ohlsson O, Pettersson T, Renvert S. Chronic periodontitis, a significant relationship with acute myocardial infarction. Eur Heart J.
2003;24(23):2108–15.
29. Genco RJ. Periodontal disease is a predictor of cardiovascular disease in a
Native American population. J Dent Res (Special Issue). 1997;76:3158.
30. Meurman JH, Pyrhönen S, Teerenhovi L, Lindqvist C. Oral sources of
septicaemia in patients with malignancies. Oral Oncol. 1997;33(6):389–97.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Ready to submit your research ? Choose BMC and benefit from:

• fast, convenient online submission
• thorough peer review by experienced researchers in your field
• rapid publication on acceptance
• support for research data, including large and complex data types
• gold Open Access which fosters wider collaboration and increased citations
• maximum visibility for your research: over 100M website views per year
At BMC, research is always in progress.
Learn more biomedcentral.com/submissions

