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Introduction
Cardiometabolic multimorbidity (CMM) is one of the 
most common and consistent multimorbidity patterns 
in middle-aged and older persons [1, 2]. It is defined as 
the coexistence of two or more cardiometabolic diseases 
(CMD), which typically include diabetes, stroke and car-
diovascular diseases. The prevalence of CMM is increas-
ing rapidly [3, 4]. In the U.S in 2018, the prevalence of 
CMM was 14.4% [5], while in Chinese adults it was 11.6% 
[6]. Individuals with CMM are associated with a vari-
ety of adverse outcomes, including an increased risk of 
depressive symptoms and disability [7, 8]. Morever, their 
mortality is 4–8 times higher than that of individuals 
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Abstract
Objectives  To evaluate the association between toothbrushing behavior and cardiometabolic multimorbidity (CMM) 
among middle-aged and older adults.

Methods  Data from the Beijing Health Service Survey were used to estimate the association between toothbrushing 
behavior and the risk of CMM using multilevel logistic models (N = 18,158).

Results  There were 554 patients with CMM, with a prevalence of 3.05%. We found a higher risk of CMM for those with 
toothbrushing once or less (OR = 2.16, 95%CI: 1.80, 2.59) compared with those brushed two or more times per day 
in the crude model. After adjusting for confounding factors, the association between the two remained significant 
(OR = 1.68, 95%CI: 1.39, 2.04). The effect size was higher in adults with a higher education level (OR = 2.32) compared 
to those with a lower education level (OR = 1.39, P forinteraction<0.01).

Conclusions  Poor toothbrushing practices were associated with CMM among middle-aged and older people. 
Longitudinal study can be considered to explore the causal association between the two and whether good 
toothbrushing habits can predict CMM and its progression.

Keywords  Toothbrushing behavior, Cardiometabolic multimorbidity, Middle aged and older adults
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without CMM in the elderly [9, 10], resulting in a signifi-
cant familial and social burden.

Toothbrushing is one of the most widely utilized mark-
ers of oral health behavior [11]. In China, 37.7-66.7% 
of people brush their teeth daily [12, 13]. Oral hygiene 
behaviors are crucial for both oral health and general 
health [14, 15]. Studies have demonstrated that good oral 
health behaviors can prevent oral diseases [16], maintain 
optimal chewing ability and nutritional status [17], and 
reduce the risk of diabetes, hypertension, stroke, and car-
diovascular disease [18–20]. Conversely, poor oral health 
behaviors can lead to periodontitis, oral infections, sys-
temic infections and chronic diseases [21, 22]. Moreover, 
poor oral hygiene has been associated with an increased 
individual risk of cardiovascular events, diabetes, and 
heart failure in patients with osteoporosis [23–25]. 
Regarding pathological mechanisms, periodontal patho-
gens have been shown to induce endothelial dysfunction 
and accelerate atherosclerosis in animal models [26, 27]. 
Additionally, systemic inflammation, often associated 
with poor oral health, can increase the risk of cardiovas-
cular disease and lead to impaired beta cell function and 
insulin resistance, which increases the risk of type 2 dia-
betes [28].

Only three studies have reported the association 
between oral health and multimorbidity (MM). For 
example, studies have shown that people with periodon-
titis are more likely to have MM and chronic illnesses 
in the Dutch population [29], and there is a higher like-
lihood of co-occurring cardiovascular and periodontal 
problems [30, 31]. However, the association between 
oral health behaviors and CMM has been neglected. The 
relationship between oral health practices and CMM 
may differ from that of a single CMD or other pattern of 
MM, and the intensity of the correlation may vary across 
different groups. It is crucial to explore the correlation 
between oral health behavior and CMM. First, identify-
ing risk factors for specific MM patterns, such as CMM, 
can aid in precise prevention and management. Second, 
giving the aging population in China, the prevalence and 
disease burden of CMM are expected to continue to rise, 
making this research even more relevant.

We hypothesize that poor oral hygiene habits may 
increase the risk of developing CMM through vari-
ous pathways, and this association may vary across dif-
ferent populations. Therefore, the purpose of this study 
is to analyze the association between oral hygiene and 
CMM, as well as its heterogeneity in different subgroups, 
using data from the Beijing Health Service Survey. This 
research aims to provide preliminary evidence for future 
long-term longitudinal studies and intervention studies.

Methods
Data source and participants
The data used in this study were obtained from the Bei-
jing Health Service Survey, conducted in 2018 by the 
Beijing Municipal Health Commission. The specific data 
collection process was described in our previous article 
[13]. In short, a multistage stratified cluster random sam-
pling method was used to select households from Bei-
jing’s 16 districts. Investigator conducted one-on-one 
interviews with each household member using a tablet 
computer (PAD). The survey received ethics approval 
from the institutional review board of the Chinese 
National Bureau of Statistics (license number 2018-78). 
Informed consent was obtained from all the respon-
dents prior to the survey. The survey collected a variety 
of information about each household member, including 
demographics (age, gender, education level, income, mar-
ital status, living arrangement, area), health behavior, self-
reported health status, health care needs and utilization, 
health insurance coverage. Further details of the survey 
content are accessible on the website ​h​t​t​​p​:​/​/​​w​w​w​​.​n​​h​c​.​​g​o​
v​.​​c​n​/​​m​o​​h​w​s​​b​w​s​t​​j​x​x​​z​x​​/​d​c​z​l​x​z​/​2​0​1​8​1​0​/​b​a​0​5​f​c​c​d​1​2​9​5​4​3​a​
f​9​1​2​d​d​0​e​a​4​4​7​d​4​d​5​d​.​s​h​t​m​l​​​​​. A total of 12,303 households 
with 29,202 individuals of all ages participated in the sur-
vey. Of those, 18,188 adults aged 45 years or older were 
selected as the initial study population. After excluding 
30 respondents with incomplete data, the final analysis 
included 18,158 middle-aged and older individuals.

Measurements
Outcome
The dependent variable of interest was the presence or 
absence of CMM. In this study, CMM was defined as 
the presence of two or more CMD, including diabetes, 
heart disease, and stroke. Participants were asked two 
questions, “Do you suffer from doctor-diagnosed dia-
betes mellitus (DM)?” (possible options: “Yes” or “No”), 
“Do you suffer from doctor-diagnosed other chronic 
diseases?” (respondents could choose up to three other 
chronic diseases from a list of 132 common chronic dis-
eases from 21 major groups) [32]. In this study, heart dis-
ease included rheumatic heart disease, angina pectoris, 
acute myocardial infarction, other ischemic heart disease, 
pulmonary heart disease, and other types of heart dis-
ease. Based on the type of CMM, participants were cat-
egorized into the following groups: having CMM or not, 
only diabetes + heart disease, only diabetes + stroke, only 
stroke + heart disease, and all three CMD simultaneously.

Exposure
Self-reported toothbrushing frequency was used as an 
indicator of oral health behavior. Participants were asked, 
“How many times do you brush your teeth on average 
every day?”. Possible responses included “two or more”, 

http://www.nhc.gov.cn/mohwsbwstjxxzx/dczlxz/201810/ba05fccd129543af912dd0ea447d4d5d.shtml
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“once”, “less than one”, and “never”. Toothbrushing fre-
quency were categorized into two groups: two or more 
per day and once or less per day.

Confounders
Potential confounding variables included age, gender 
(male, female), education level (junior or less, high school 
or above), marital status (married, others), area (urban, 
rural), household per capita income (low, medium, high), 
smoking status (yes, no), drinking status (yes, no), physi-
cal activity (inactive, active), body mass index (BMI, kg/
m2) (underweight, normal, overweight, obesity). House-
hold per capita income was categorized into three groups 

based on tertiles: low, middle and high. BMI was classi-
fied according to the Chinese BMI classification stan-
dard: 18.5 was defined as underweight, 18.5 ≤ 23.9 as 
normal, 24.0 ≤ 27.9 as overweight, and 28.0 and above as 
obesity [33].

Statistical analysis
Participants’ characteristics were analyzed descriptively. 
Means and standard deviations were used for continu-
ous variables, while proportions were used for categori-
cal variables. The t-test was used to compare continuous 
variables, and the chi-square test was used to compare 
categorical variables. Multilevel logistic regression mod-
els were fitted at the area and individual levels to esti-
mate the association between oral hygiene behavior and 
the risk of CMM. Models were initially evaluated in a 
crude model and then adjusted for confounders. Strati-
fied analyses were conducted to examine the association 
between oral health behaviors and CMM by age, gender 
and education level. Odds ratio (OR) with corresponding 
95% confidence intervals (CI) were reported. P values less 
than 0.05 were considered statistically significant. All sta-
tistical analyses were conducted in Stata 16.0 (StataCorp 
LP, College Station, Texas).

Results
The average age of the participants was 61.34 years, with 
48.34% were male. Of the participants, 11,313 brushed 
their teeth two or more times per day, while 6845 
brushed their tooth once or less per day. Compared to 
those who toothbrushing two or more, individuals who 
brushed once or less were older, more likely to be male, 
had a lower education level, were not married, resided 
in rural areas, had a lower household per capita income, 
were more likely to smoke and drink, were inactive, and 
were more likely to be underweight or obesity (Table 1).

There were 554 patients with CMM, with a prevalence 
of 3.05%. Among them, 325 had diabetes + heart disease 
(1.79%), 129 had diabetes + stroke (0.71%), 63 had heart 
disease + stroke (0.35%), and 37 had all three conditions 
simultaneously (0.20%). The prevalence of CMM was 
higher in individuals who brushed their teeth once or less 
per day (4.12%) compared to those who brushed two or 
more times per day (P < 0.01). Similarly, the prevalence 
of each specific combination of CMM was also higher in 
those who brushed their teeth once or less per day com-
pared to those who brushed two or more times per day 
(P < 0.01) (Table 2).

As shown in Table 3, we found a higher risk of CMM 
for those who toothbrushing once or less (OR = 2.16, 
95%CI: 1.80, 2.59) compared to those who brushed 
two or more times in the crude model. After adjust-
ing for confounding factors, the association between 
the two remained significant (OR = 1.68, 95%CI: 1.39, 

Table 1  Characteristics of the participants
All Frequency of 

toothbrushing
P-
value

Two or more Once or less
Age, years 61.34(10.26) 60.28(9.96) 63.10(10.50) < 0.01
Gender(%) < 0.01
  Male 8778(48.34) 4940(43.67) 3838(56.07)
  Female 9380(51.66) 6373(56.33) 3007(43.93)
Education(%) < 0.01
  Junior or less 11,240(61.9) 5862(51.82) 5378(78.57)
  High school 
or above

6918(38.1) 5451(48.18) 1467(21.43)

Marriage 
status(%)

< 0.01

  Married 16,103(88.68) 10,216(90.30) 5887(86.00)
  Others 2055(11.32) 1097(9.70) 958(14.00)
Areas(%) < 0.01
  Urban 10,451(57.56) 8004(70.75) 2447(35.75)
  Rural 7707(42.44) 3309(29.25) 4398(64.25)
Per capita 
household 
income(%)

< 0.01

  Low 6125(33.73) 2510(22.19) 3615(52.81)
  Medium 6216(34.23) 4136(36.56) 2080(30.39)
  High 5817(32.04) 4667(41.25) 1150(16.80)
Smoke status(%) < 0.01
  No 13,644(75.14) 8951(79.12) 4693(68.56)
  Yes 4514(24.86) 2362(20.88) 2152(31.44)
Drink status(%) < 0.01
  No 13,490(74.29) 8855(78.27) 4635(67.71)
  Yes 4668(25.71) 2458(21.73) 2210(32.29)
Physical 
activity(%)

< 0.01

  Inactive 5935(32.69) 2835(25.06) 3100(45.29)
  Active 12,223(67.31) 8478(74.94) 3745(54.71)
BMI, kg/m2(%) < 0.01
  Underweight 518(2.85) 268(2.37) 250(3.65)
  Normal 7364(40.56) 4643(41.04) 2721(39.75)
  Overweight 7570(41.69) 4815(42.56) 2755(40.25)
  Obesity 2706(14.9) 1587(14.03) 1119(16.35)
All 18,158 11,313 6845 -
Abbreviations BMI, body mass index
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2.04). When examining specific disease combinations, 
we found that in the unadjusted model, participants 
who brushed teeth once or less had a higher risk of dia-
betes + heart disease (OR = 1.56, 95%CI: 1.23, 1.98), 
diabetes + stroke (OR = 3.99, 95%CI: 2.72, 5.84), heart 
disease + stroke (OR = 2.39, 95%CI: 1.45,3.96), diabe-
tes + heart disease + stroke (OR = 2.70, 95%CI: 1.36, 5.37). 
After adjusting for confounding factors, the association 
between less frequent toothbrushing and CMM persisted 
for diabetes + stroke (OR = 3.13, 95%CI: 2.10, 4.67) and 
heart disease + stroke (OR = 2.04, 95%CI: 1.17, 3.59), but 
was not significantly associated with diabetes + heart dis-
ease or diabetes + heart disease + stroke (P > 0.05).

Stratified by age, gender, and education level, we found 
that lower toothbrushing frequency was associated with 
a higher risk of CMM in all groups. The effect size was 
significantly higher in individuals with a higher education 
level (OR = 2.32) compared to those with a lower educa-
tion level (OR = 1.39, Pforinteraction<0.01). In the 45 ~ 59 
age group, lower brushing frequency was associated 
with a higher risk of diabetes + heart disease (OR = 2.41, 
95%CI:1.31, 4.46) and diabetes + stroke (OR = 3.70, 

95%CI:1.69, 8.09). Among individuals aged 60 years and 
older, lower brushing frequency was associated with a 
higher risk of diabetes + stroke (OR = 2.86, 95%CI:1.80, 
4.57), heart disease + stroke (OR = 2.53, 95%CI:1.36, 
4.72), and diabetes + heart disease + stroke (OR = 2.30, 
95%CI:1.00, 5.38). Lower toothbrushing frequency was 
associated with a high risk for diabetes + stroke among 
both males (OR = 4.23, 95%CI: 2.47, 7.24) and females 
(OR = 1.89, 95%CI: 1.01, 3.55). However, the association 
with heart disease + stroke was only observed among 
males (OR = 2.91, 95%CI: 1.29, 6.54). Lower frequency 
of toothbrushing was associated with a higher risk of 
diabetes + heart disease among individuals with a higher 
education levels (OR = 1.67, 95%CI:1.08, 2.57), and it was 
associated with a higher risk of diabetes + stroke among 
both education levels. The effect size was significantly 
higher in those with high education level compared to 
those with a lower education level (Pforinteraction<0.01), as 
showed in Table 4.

Discussion
To the best of our knowledge, this is the first study to 
investigate the association between oral health behav-
iors and CMM among middle and elderly people. We 
found that individuals with poor oral health behaviors 
had a higher risk of CMM compared to those with good 
oral health behaviors, especially for diabetes + stroke 
and heart disease + stroke. Furthermore, the association 
between toothbrushing and CMM was stronger in indi-
viduals with a higher education level than in those with a 
lower education level.

Our study valuable insights into the association of oral 
health behaviors and CMM among middle-aged and 
older individuals in China. While previous research has 
explored the link between oral health and single chronic 
diseases, our study extends this knowledge by examin-
ing the association with a specific multimorbidity pat-
tern, CMM. We found that individuals who brushed their 
teeth less frequently (less than once a day) had a signifi-
cantly higher risk of both diabetes + stroke (OR = 3.13) 
and heart disease + stroke (OR = 2.04) compared to those 
who brushed their teeth more frequently. This finding is 
consistent with those from the China Kadoorie Biobank 
(CKB), which observed a higher risk of major vascu-
lar events (OR = 1.12) and major cardiovascular events 
(OR = 1.18) among individuals (mean age of 51.5 ± 10.6 
years) with less frequent toothbrushing [11]. How-
ever, our study differs from previous research in several 
ways. Our study specifically focused on the association 
between oral health behaviors and CMM, while previous 
studies often examined single chronic diseases. Our study 
used a more detailed measurement of toothbrushing 
frequency (once or less vs. two or more times per day), 
whereas the CKB study used a simpler categorization 

Table 2  The prevalence of CMM by brushing frequency
Frequence of tooth brushing P-

valuetwo or more once or less
CMM < 0.01
  No 11,041(97.60) 6563(95.88)
  Yes 272(2.40) 282(4.12)
Pattern of CMM < 0.01
  Non-CMM 11,041(97.60) 6563(95.88)
  Diabetes + Heart disease 183(1.62) 142(2.07)
  Diabetes + Stroke 46(0.41) 83(1.21)
  Heart disease + Stroke 26(0.23) 37(0.54)
  Diabetes + Heart 
disease + Stroke

17(0.15) 20(0.29)

Abbreviations CMM, cardiometabolic multimorbidity

Table 3  The association between the frequency of 
toothbrushing and CMM

Modlea Modelb

CMM
  No Ref. Ref.
  Yes 2.16(1.80,2.59)*** 1.68(1.39,2.04)***

Pattern of CMM
  Non-CMM Ref. Ref.
  Diabetes + Heart disease 1.56(1.23,1.98)*** 1.23(0.96,1.59)
  Diabetes + Stroke 3.99(2.72,5.84)*** 3.13(2.10,4.67)***

  Heart disease + Stroke 2.39(1.45,3.96)** 2.04(1.17,3.59)*

  Diabetes + Heart disease + Stroke 2.70(1.36,5.37)** 1.88(0.91,3.91)
a Unadjusted model
b Adjusted for age, gender, marital status, education, urban or rural, income, 
smoke status, drink status, physical activity, BMI
*P < 0.05, **P < 0.01, ***P < 0.001

Abbreviations CMM, cardiometabolic multimorbidity; BMI, body mass index
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(“regularly” or “occasionally or rarely”). Other studies 
have found associations between oral health problems 
(such as oral diseases or tooth loss) and multimorbid-
ity in various populations. For example, a small amount 
of research has explored the correlation between oral 
hygiene and multimorbidity, they found that oral health 
problems such as oral diseases or tooth loss are associ-
ated with a higher risk of multimorbidity among different 
populations. A study based on the U.S. Behavioral Risk 
Factor Surveillance System (BRFSS) showed that indi-
viduals with multimorbidity have a higher risk of tooth 
loss among those aged 18 and above, with the effect being 
more pronounced in younger populations than in older 
ones [34]. Another study based on data from the Longi-
tudinal Ageing Study in India (LASI) found that, those 
with multimorbidity have a higher risk of oral diseases 
compared to those without (OR = 1.60, 95%CI: 1.48–1.73) 
among individuals aged 45 and above [35]. A cross-
sectional survey of adults aged 60 and above in Mexico 
found that the prevalence of edentulism is higher among 
those with multimorbidity compared to those without 
(P = 0.015) [36]. A study based on health survey data from 
Brazil showed that multimorbidity are associated with a 
32% and 17% increased risk of severe tooth loss in popu-
lations aged 18–59 and 60 and above, respectively [37]. 
These findings highlight the importance of addressing 
oral health as part of broader public health strategies to 
prevent and manage multimorbidity. Overall, our study 
contributes to the growing body of evidence supporting 
the association between oral health behaviors and CMM. 
Further research is warranted to elucidate the underlying 
mechanisms and inform targeted interventions.

Interestingly, the extent to which oral hygiene was asso-
ciated with CMM varied across different subgroup par-
ticipants. We found that the effect size of this association 
was higher in younger individuals (45–59 years old), men 
and those with a higher education attainment. Notably, 
individuals with poor oral hygiene in the high education 
attainment subgroup had a 2.32-fold higher risk of CMM 
and a 5-fold higher risk of diabetes + stroke compared to 
their peers with good oral hygiene. In general, people 
with a higher education level have better health literacy 
[38, 39] and are more likely to engage in good oral health 
behavior [40]. In this study, the proportion of people with 
a higher education who brush their teeth once or less was 
significantly lower than that of individuals with a lower 
education (25% vs. 50%). The strong association between 
oral hygiene and CMM, even after controlling for other 
health behaviors and confounding factors, implies that 
focusing on oral hygiene interventions in individuals with 
a higher education level may be particularly effective in 
preventing or delaying the onset of CMM and related 
conditions. However, further research is needed to elu-
cidate the underlying mechanisms and to confirm the 
causal relationship between oral hygiene and CMM.

Several possible mechanisms have been proposed to 
explain the association between oral health behavior and 
CMM. Firstly, poor oral hygiene can lead to the multipli-
cation of oral bacterial [41, 42] and the development of 
periodontitis [43].These conditions can cause systemic 
infection [44] and endothelial dysfunction [45], which 
are known risk factors for various type of CMD [46]. Sec-
ond, common risk factors for both oral health and sys-
temic diseases include age, male gender, and smoking 
[5, 47–50]. This suggests that shared pathophysiological 

Table 4  The association between the frequency of toothbrushing and CMM by age, gender, education, area
CMM Pattern of CMM
No Yes Non-CMM Diabetes+Heart 

disease
Diabetes+Stroke Heart 

disease+Stroke
Diabetes+Heart 
disease+Stroke

Age, years
  45~59 Ref. 2.47(1.62,3.78)*** Ref. 2.41(1.31,4.46)** 3.70(1.69,8.09)** 0.97(0.24,3.86) 1.17(0.29,4.72)
  ≥60 Ref. 1.57(1.27,1.95)*** Ref. 1.09(0.83,1.43) 2.86(1.80,4.57)*** 2.53(1.36,4.72)** 2.30(1.00,5.38)*

Pfor Interaction 0.10 0.03 0.12 0.69 0.50
Sex
  Male Ref. 1.82(1.41,2.38)*** Ref. 1.51(0.80,1.64) 4.23(2.47,7.24)*** 2.91(1.29,6.54)* 1.32(0.51,3.51)
  Female Ref. 1.47(1.12,1.94)** Ref. 1.31(0.93,1.85) 1.89(1.01,3.55)* 1.39(0.61,3.18) 2.65(0.86,8.12)
Pfor Interaction 0.30 0.05 0.47 0.24 0.06
Education
  Junior or less Ref. 1.39(1.11,1.76)** Ref. 1.07(0.80,1.44) 2.34(1.44,3.78)** 1.86(0.91,3.81) 1.38(0.55,3.46)
  High school or 
above

Ref. 2.32(1.69,3.20)*** Ref. 1.67(1.08,2.57)* 4.95(2.54,9.61)*** 2.43(0.99,5.93) 2.44(0.80,7.44)

Pfor Interaction <0.01 0.12 0.01 0.76 0.48
Note All model adjusted for age, gender, marital status, education, urban or rural, income, smoke status, drink status, physical activity, BMI except for the stratification 
variables
*P < 0.05, **P < 0.01, ***P < 0.001

Abbreviations CMM, cardiometabolic multimorbidity; BMI, body mass index
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pathways may underlie the association between oral 
health and CMM. In our study, we found that oral health 
behaviors were associated with diabetes + stroke and 
heart disease + stroke. The mechanisms mentioned above 
could also explain these associations.

This study has several limitations. First, the cross-sec-
tional design of the study makes it difficult to establish 
causality between toothbrushing behavior and CMM. 
Reverse causation, where CMM may influence tooth-
brushing behavior, cannot be ruled out. Second, the 
study population was limited to middle-aged and older 
adults in Beijing, the capital of China. Generalizing the 
findings to the entire Chinese population may be chal-
lenging due to regional variations in health behaviors, 
access to healthcare, and other factors. Third, while 
the total sample size was acceptable, the sample sizes 
within specific CMM subgroups were relatively small. 
This may have contributed to wider confidence intervals 
for the effect sizes, indicating larger individual differ-
ences and the need for further research to obtain more 
precise estimates. Fourth, the reliance on self-reported 
data for CMM prevalence may have led to an underes-
timation due to recall bias or undiagnosed conditions. 
Although the National Basic Public Health Project [51] 
has improved diabetes management and follow-up, undi-
agnosed heart disease and stroke may still be present in 
the study population. Self-reported toothbrushing fre-
quency may not accurately reflect actual brushing habits 
due to social desirability bias, potentially leading to mis-
classification. Finally, the survey data lacked information 
on specific oral diseases (periodontitis, dental caries) and 
dental visits, as well as biological markers, which could 
have provided additional insights into the mechanisms 
linking oral health and CMM. We hope that the above 
limitations can be gradually improved in future research.

Conclusion
Our study found a significant association between poor 
oral health behavior and CMM among middle-aged and 
older individuals, Additionally, we observed that educa-
tional attainment moderated this association. These find-
ings highlight the importance of addressing oral health 
behaviors in middle-aged and elderly populations to 
reduce the risk of CMM. In future studies, longitudinal 
data can be considered to explore the causal association 
between the two, whether good toothbrushing habits 
can predict CMM and its progression, and whether oral 
treatment is effective in the prognosis of CMM.
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