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Abstract
Background Calcium (Ca) is a nutritional factor that associated with dental caries. A recent study showed that in the 
case of adequate Ca intake, a higher level of physical activity may contribute to bone mass accumulation. However, 
the combined effect between Ca intake and physical activity on caries experience is unclear. Herein, we aimed to 
explore the above combined effect on dental caries in children and adolescents.

Methods Data of 5,917 children and adolescents were extracted from the National Health and Nutrition Examination 
Surveys (NHANES) database in 2015–2020 in this cross-sectional study. The NHANES assessed the dietary Ca intake 
through the 24-hour dietary recalls, and the physical activity level was self-reported using the questionnaires. Also, the 
dental caries was diagnosed according to the Decayed, Missing and Filled Teeth/Surfaces (DMFT/S) index. Weighted 
univariate and multivariate logistic regression analyses were utilized to screen the covariates and to investigate the 
associations of dietary Ca intake and physical activity with dental caries, respectively, and assess the combined effect 
between dietary Ca intake and physical activity on dental caries. The evaluation indexes were odd ratios (ORs) and 
95% confidence intervals (CIs). Subgroup analyses of age, obesity, and total sugar intake were also performed.

Results Among the eligible participants, 2,687 had caries experience. After adjusting for the covariates, we found 
that children and adolescents who not reach the recommendation level of Ca intake combined with physical activity 
less than 7 time in 1 week seemed to have higher odds of dental caries [OR = 1.77, 95%CI: (1.38–2.27)], compared 
with those who reached the standards. In addition, this potential combined effect was also found in age < 12 years 
old [OR = 1.62, 95%CI: (1.23–2.14)], non-obesity [OR = 1.88, 95%CI: (1.49–2.35)], and total sugar intake (all P < 0.05) 
subgroups.

Conclusions Ca intake and physical activity had a potential combined effect on dental caries in children and 
adolescents, but the causal relationships between them needed further clarification.
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Background
Dental caries is one of the major chronic diseases threat-
ening the oral health of children and adolescents, causing 
a considerable disease burden globally [1]. The etiology of 
dental caries is multifactorial, such as enamel hypoplasia, 
oral colonization with elevated levels of cariogenic bac-
teria, and the tooth-adherent bacteria metabolites [2]. 
Lacking of timely treatment, dental caries in children and 
adolescents can result in the development of an abscess 
or the death of a tooth [3]. Dental caries also affects gen-
eral health in children and adolescents, and is associated 
with a number of diseases such as hypertension and type 
1 diabetes [4, 5]. Therefore, it is essential to explore the 
risk factors in dental caries to improve and prevent den-
tal caries in a young age.

The emphasis of dental caries prevention is shifting to 
the modifiable factors now, especially nutritional factors 
[6]. Higher calcium (Ca) and dairy intake may be asso-
ciated with a lower risk of dental caries in children and 
adolescents. Madali et al. [7] indicated that dietary Ca 
intake was negatively associated with both the Decayed, 
Missing, Filled Teeth (DMFT) index and the Decayed, 
Missing and Filled Teeth/Surfaces (DMFT/S) index. 
Lempert et al. [8] investigated the association between 
the intake of dairy products and the development in den-
tal caries among children/adolescents over a period of 3 
and 6 years, and the results showed that dairy (including 
dairy Ca, whey and casein) and milk intake was generally 
inversely associated with caries experience (measured as 
DMFS). Lin et al. [9] also found daily intake of Ca was 
inversely associated with the caries index. High free-
sugar intake is associated with dental caries, as well as 
increased weight and body mass index (BMI) [10]. Physi-
cal activity benefits to maintain normal BMI and health 
status, and however, the conclusions on the relation-
ship between physical activity and dental caries are still 
ambiguous [11, 12]. A mutual etiologic contributing fac-
tor between obesity and dental caries is diet high in sugar, 
where physical activity can burn off the supernumerary 
energy (mostly roots in carbohydrates) and reduce BMI, 
and may also be associated with the development of den-
tal caries [12]. It is worth noting that a systematic review 
has shown that Ca intake and physical activity may have a 
combined effect on bone mineral density (BMD) in chil-
dren and adolescents, that is, in the case of adequate Ca 
intake, a higher level of physical activity may contribute 
to bone mass accumulation [13]. Herein, we speculated 
that adequate Ca intake combined with a high level of 
physical activity could benefit for the prevention of den-
tal caries.

So far, no research has discussed whether there is a 
combined effect between Ca consumption and physi-
cal activity on dental caries in children and adolescents. 
Hence, investigating the combined effect of Ca with 

physical activity on development of dental caries may 
benefit to provide a multi-angle and comprehensive 
strategy for the prevention of dental caries clinically in 
children and adolescents, and improve the oral health 
condition more efficiently and comprehensively.

Methods
Study design and participants
Data of children and adolescents were extracted from 
the National Health and Nutrition Examination Surveys 
(NHANES) database in 2015–2020 in this cross-sectional 
study. The NHANES is jointly conducted by the Cen-
ters for Disease Control and Prevention (CDC) and the 
National Center for Health Statistics (NCHS) with the 
aim of assessing nutritional and health status of the non-
institutionalized children and adults in the United States. 
A complex, multistage stratified probability sampling 
method based on the selected counties, blocks, house-
holds, and persons within households were used in the 
NHANES. The NCHS trained professionals conducted 
interviews in participants’ homes, and the extensive 
physical examinations (including blood and urine col-
lection) were conducted at mobile exam centers (MECs). 
For more details of the survey implementation please 
visit the website: https://www.cdc.gov/nchs/nhanes/
index.htm.

Records of patient with caries experience were 
extracted from the database if they meet the inclusion 
criteria: (1) aged 2–17 years old (the age range commonly 
assessed in dental caries examinations) [14], (2) had the 
information on dietary Ca intake and physical activity, 
and (3) received the measurement for caries experience. 
A total of 5,917 children and adolescents were eligible. 
Since study data were de-identified and publicly avail-
able, and informed consent of all individuals have been 
obtained, no ethical approval from our institutional 
review board (IRB) was required. In addition, the current 
study adhered to the Declaration of Helsinki.

Diagnosis of dental caries
The dental caries was diagnosed using the DMFT/S index 
according to the previous study [15], which is calculated 
by summing the combination of decayed (d or D), miss-
ing (M), and filled (f or F) teeth (t or T) or dental surfaces 
(s or S). The dmfts were used in primary teeth whereas 
the DMFTS were used in permanent teeth. The combina-
tions of either dfs (decayed or filled surfaces in primary 
teeth) or DFS (decayed or filled surfaces in permanent 
teeth) were used for classification of dental caries pres-
ence. The score of DMFT/S index was ranged from 0 to 
28, and in this study, we divided the children and ado-
lescents into two groups: non-caries experience group 
(score = 0) and caries experience group (score > 0) [16].

https://www.cdc.gov/nchs/nhanes/index.htm
https://www.cdc.gov/nchs/nhanes/index.htm
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Assessment of dietary ca consumption
The measurement of dietary intake in the NAHENS 
was through two 24-hour dietary recalls [17]. The first 
24-hour recall interview was conducted in person in the 
MEC by trained interviewers, and the second one was 
performed via telephone or mail 3–10 days later. The 
dietary questionnaires collected information on dietary 
intakes of Ca and its supplements. The dietary Ca intakes 
were divided into two levels according to the dietary ref-
erence intakes (DRIs): reach recommendation level and 
not reach recommendation level. Specific recommenda-
tion levels for dietary Ca intake of different age are shown 
in the Table S1.

Evaluation of physical activity
The physical activity of children and adolescents was 
assessed by the NHANES questionnaires through the 
response to the question: “During the past week, on how 
many days did you exercise, play a sport, or participate 
in physical activity for at least 60 minutes?” Response 
options were: 0 days, 1–3 days, 4–6 days, or every day. 
We classified them into meeting physical activity guide-
lines group if they chose the response option of every 
day, otherwise into not meet physical activity guidelines 
group [18].

Variables collection
We collected variables from the database including 
(1) demographic information: age, gender, race, pov-
erty income ratio (PIR), household food security cat-
egory, smoking during pregnancy, cotinine, (2) physical 
examination information: BMI, obesity, birth weight, 
(3) dietary intake information: total energy intake, total 
sugar intake, vitamin D (VD) intake, fiber intake, and (4) 
dental information: frequency of tooth brushing, amount 
of toothpaste used, and time period since last dental visit.

Obesity in children and adolescents was diagnosed 
according to the CDC standard, which was based on 
the BMI [19]. The BMI was calculated using the fol-
lowing formula: BMI = Weight (in kilograms)/Height 
(in meters)2. More details for CDC growth chat please 
visit: https://www.cdc.gov/growthcharts/html_charts/
bmiagerev.htm. Blood samples of the participants were 
collected by the physical examination in MECs, and 
the serum cotinine was divided into three categories, 
including ≤ 0.05 ng/mL, > 0.05 ng/mL, and unknown. 
The dietary intakes of total energy, sugar, VD, and fiber 
were also collected using questionnaires of the NHANES 
24-hour dietary recalls. Amount of toothpaste used 
was assessed according to the oral health questionnaire 
(OHQ-849), and was classified into two levels (< half load 
and ≥ half load). The frequency of tooth brushing was 
assessed through the question in OHQ-848G and OHQ-
848Q: “How many times you brush your teeth in 1 day?”, 

and were divided into two levels including < 2 times in 
1 day and ≥ 2 times in 1 day. In addition, the time period 
since last dental visit was also collected using the answers 
to the question OHQ-030 (which including < 1 year, 1–2 
years, and > 2 years).

Statistical analysis
Quantitative data were described using mean ± standard 
error (mean ± SE) and independent-samples t test was uti-
lized for comparation between two groups. Enumeration 
data were expressed as number with constituent ratio [N 
(%)] and chi-square test (χ2) was employed for the com-
parison. We combined the data collected in 2015–2016 
and 2017–2020 from the NHANES, which need a spe-
cial weight for analyses. The following formulas were 
used to calculate the weights used in the database for 
different years to make them uniform: 2/5.2*WTDRD1 
for data in 2015–2016 while 3.2/5.2*WTDRD1PP for 
data in 2017–2020. The weight “WTDRD1” was used 
because we included the dietary information from the 
first 24-hour dietary recall for analyses. Day 1 weights 
were constructed by taking the MEC sample weights 
(WTMEC2YR) and further adjusting for (a) the addi-
tional non-response and (b) the differential allocation 
by day of the week for the dietary intake data collection. 
More details about the NHANES special sample weights 
could be found elsewhere: https://wwwn.cdc.gov/Nchs/
Nhanes/2015-2016/DR1TOT_I.htm#WTDRD1.

Weighted univariate logistic regression analysis was 
used to screen the covariates. Weighted univariate and 
multivariate logistic regression analyses were utilized to 
explore the association of dietary Ca intake and physical 
activity with dental caries, and assess the combined effect 
between dietary Ca intake and physical activity on dental 
caries. Also, we investigated these relationships in sub-
groups of age, BMI, and total sugar intake, because they 
are common influencing factors of dental caries among 
children and adolescents. The evaluation indexes were 
odds ratios (ORs) with 95% confidence intervals (CIs). 
Two-sided P < 0.05 was considered significant. Model 
1 was the crude model. Model 2 adjusted for common 
demographic influencing factors, including age and race. 
Model 3 adjusted for all covariates that associated with 
dental caries (P < 0.05): age, race, PIR, household food 
security category, obesity, smoking during pregnant, coti-
nine, total energy intake, total sugar intake, amount of 
toothpaste use, and time period since last dental visit.

Statistical analysis was performed using SAS 9.4 (SAS 
Institute, Cary, NC, USA). Missing variables were shown 
in the Table S2. Missing data on the variable “cotinine” 
accounted for a large proportion so that we divided them 
into the “unknown” category. We used multiple imputa-
tion for the interpolation of other variables including 
missing data, and the sensitivity analysis of participants’ 

https://www.cdc.gov/growthcharts/html_charts/bmiagerev.htm
https://www.cdc.gov/growthcharts/html_charts/bmiagerev.htm
https://wwwn.cdc.gov/Nchs/Nhanes/2015-2016/DR1TOT_I.htm#WTDRD1
https://wwwn.cdc.gov/Nchs/Nhanes/2015-2016/DR1TOT_I.htm#WTDRD1
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characteristics before and after the multiple imputation 
of missing data were shown in the Table S3.

Results
Characteristics of study population
Figure  1 shows the flowchat of participants screening. 
We initially included 7,480 children and adolescents 
aged 2–17 years old who had information on dental 
caries assessment from the database. Then those who 
without information on dietary Ca intake (n = 1196) or 
physical activity (n = 367) were excluded. Finally, 5,917 
were eligible.

The characteristics of eligible children and adolescents 
are shown in the Table  1. A total of 2,687 children and 
adolescents had caries experience. The average age of 
participants was 9.29 years old, and 2,987 (50.92%) of 
them were male. The number of children and adoles-
cents had physical activity of 7 times in 1 week between 
non-caries group and caries group was respectively 1,487 
(45.46%) and 1,029 (34.52%). However, 3,975 (65.27%) of 
the participants had not reach the recommendation level 
of dietary Ca intake, whatever they had caries experi-
ence or not. In addition, race, PIR, household food secu-
rity category, BMI, obesity, smoking during pregnancy, 
cotinine, total energy intake, total sugar intake, amount 
of toothpaste, time period since last dental visit, and the 
combined effect between dietary Ca intake and physical 
activity were all significantly different between the non-
caries group and caries group (all P < 0.05).

Combined effect between dietary ca intake and physical 
activity on dental caries
We first screened the covariates associated with dental 
caries in children and adolescents (Table 2). The results 
showed that variables including age, race, household food 
security category, obesity, smoking during pregnancy, 
cotinine, total energy intake, total sugar intake, amount 

of toothpaste use, and time period since last dental visit 
were all significantly associated with dental caries (all 
P < 0.05).

Then we explored the combined effect between dietary 
Ca intake and physical activity on dental caries in chil-
dren and adolescents (Table  3). After adjusting for the 
above covariates, we found that children and adolescents 
who not reach recommendation level of dietary Ca intake 
[OR = 1.43, 95%CI: (1.22–1.67)] or having physical activ-
ity < 7 times in 1 week [OR = 1.27, 95%CI: (1.07–1.50)] 
had higher odds of dental caries. In addition, comparing 
to dietary Ca intake reached the recommendation level 
combined with physical activity at 7 times in 1 week, not 
reach the recommendation level of Ca intake combined 
with physical activity < 7 times in 1 week was associated 
with higher odds of dental caries [OR = 1.77, 95%CI: 
(1.38–2.27)].

The combined effect between Ca intake and physical 
activity on dental caries in age, obesity, and total sugar 
intake subgroups
We further explored this combined effect in children and 
adolescents with different age, obesity status, and total 
sugar intake levels (Table 4). Similarly, we found the rela-
tionship ofnot reach recommendation level of Ca intake 
combined with physical activity < 7 times in 1 week with 
high odds of caries in children and adolescents who 
aged < 12 years old [OR = 1.62, 95%CI: (1.23–2.14)] or not 
have obesity [OR = 1.88, 95%CI: (1.49–2.35)]. Besides, 
whether the total sugar intake > 98 gm, children and ado-
lescents who had not reach the recommendation level 
of dietary Ca intake combined with physical activity < 7 
times in 1 week had high odds of caries experience (≤ 98 
gm: OR = 2.71 and > 98 gm: OR = 1.39).

Discussion
We explored the roles of dietary Ca intake and physical 
activity in dental caries among children and adolescents 
in this cross-sectional study. Our findings indicated that 
dietary Ca consumption not reach the recommended 
level or physical activity less than 7 times in a week were 
both associated with higher odds of dental caries. A 
potential combined effect between dietary Ca intake and 
physical activity was found linked to the odds of caries. 
Also, this combined effect was observed in subgroups of 
< 12 years old, non-obesity, and all levels of total sugar 
intake.

To the best of our knowledge, it was the first time to 
investigate the combined effect between dietary Ca 
intake and physical activity on childhood caries experi-
ence. Julián-Almárcegui et al. [13] conducted a systematic 
review on the combined effects of physical activity and 
diet on bone mass accrual in children and adolescents, 
and the results of randomized controlled trials showed Fig. 1 Flowchart of participants screening
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Variables Total
(n = 5917)

Non-caries
(n = 3230)

Caries
(n = 2687)

P

Age, years, Mean (S.E) 9.29 (0.10) 8.33 (0.17) 10.59 (0.18) < 0.001
Age, n (%) < 0.001
 <12 4002 (64.66) 2336 (70.80) 1666 (56.39)
 ≥12 1915 (35.34) 894 (29.20) 1021 (43.61)
Gender, n (%) 0.263
 Male 2987 (50.92) 1597 (49.86) 1390 (52.35)
 Female 2930 (49.08) 1633 (50.14) 1297 (47.65)
Race, n (%) < 0.001
 Non-Hispanic White 1862 (51.34) 1136 (55.99) 726 (45.08)
 Non-Hispanic Black 1487 (13.58) 817 (13.74) 670 (13.36)
 Others 2568 (35.08) 1277 (30.28) 1291 (41.57)
PIR, n (%) < 0.001
 <1.0 1780 (23.26) 829 (18.51) 951 (29.66)
 ≥1.0 4137 (76.74) 2401 (81.49) 1736 (70.34)
Household food security category, n (%) < 0.001
 Full food security 3251 (62.51) 1941 (68.25) 1310 (54.78)
 Marginal food security 964 (13.88) 491 (12.36) 473 (15.94)
 Low food security 1119 (15.68) 517 (12.71) 602 (19.68)
 Very low food security 583 (7.92) 281 (6.68) 302 (9.60)
BMI, kg/m2, Mean (S.E) 19.96 (0.12) 19.28 (0.12) 20.87 (0.18) < 0.001
Obesity, n (%) < 0.001
 No 4635 (79.39) 2598 (81.13) 2037 (77.05)
 Yes 1282 (20.61) 632 (18.87) 650 (22.95)
Birth weight, pounds, n (%) 0.529
 <5.5 912 (13.24) 491 (13.38) 421 (13.05)
 5.5-9.0 4574 (78.08) 2534 (78.59) 2040 (77.40)
 ≥9.0 431 (8.68) 205 (8.03) 226 (9.55)
Smoking during pregnant, n (%) 0.003
 No 5164 (87.42) 2862 (89.36) 2302 (84.80)
 Yes 753 (12.58) 368 (10.64) 385 (15.20)
Cotinine, ng/mL, n (%) < 0.001
 ≤0.05 2472 (45.88) 1277 (43.44) 1195 (49.18)
 >0.05 1816 (27.12) 846 (23.65) 970 (31.79)
 Unknown 1629 (27.00) 1107 (32.91) 522 (19.03)
Total energy intake, kcal, Mean (S.E) 1864.66 (14.37) 1807.87 (15.50) 1941.20 (28.15) < 0.001
Total sugar intake, gm, Mean (S.E) 109.96 (1.08) 106.69 (1.42) 114.37 (1.87) 0.004
VD, gm, Mean (S.E) 7.85 (0.35) 8.23 (0.42) 7.33 (0.60) 0.230
Fiber intake, gm, Mean (S.E) 13.87 (0.18) 13.67 (0.24) 14.14 (0.21) 0.122
Frequency of tooth brushing, times/ 1 day, n (%) 0.836
 <2 1980 (34.03) 1075 (33.78) 905 (34.36)
 ≥2 3937 (65.97) 2155 (66.22) 1782 (65.64)
Amount of toothpaste use, n (%) < 0.001
 <half load 2154 (39.42) 1285 (43.00) 869 (34.59)
 ≥half load 3763 (60.58) 1945 (57.00) 1818 (65.41)
Time period since last dental visit, years, n (%) < 0.001
 <1 4728 (80.43) 2436 (76.43) 2292 (85.82)
 1–2 458 (7.52) 233 (7.00) 225 (8.21)
 ≥2 731 (12.05) 561 (16.56) 170 (5.97)
Physical activity, n (%) < 0.001
 =7 2516 (40.80) 1487 (45.46) 1029 (34.52)
 <7 3401 (59.20) 1743 (54.54) 1658 (65.48)
Ca intake, n (%) < 0.001

Table 1 Characteristics of eligible children and adolescent
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that physical activity has a potential effect on improv-
ing bone health under conditions of adequate dietary 
Ca intake. Ca is one of the key macroelements make up 
the bulk of the mineralized human tissues. Therefore, 
adequate consumption of Ca is of crucial importance in 
maintaining the health, function and retention of teeth 
and bones [20]. Singal et al. [21] concluded that topical 
treatment using calcium phosphate and fluoride (CaP + F) 
group showed good remineralization potential and the 
antibacterial effect on dental caries among children. In 
agreement with the current study, Pratyusha et al. [22] 
conducted a comparative cross-sectional study on asso-
ciation of serum VD and salivary Ca level in 3-11-year-
old schoolchildren with dental caries, indicating that 
VD deficiency and lower salivary Ca levels may be the 
potential risk factors for the occurrence of dental caries. 
The composition of salivary microbial community was 
highly correlated with Ca, and the cariogenic microor-
ganisms present in the oral cavity play a key role in the 
occurrence and development of childhood caries, and the 
formed biofilm can metabolize carbohydrates to produce 
organic acids, resulting in local pH decline and demin-
eralization of dental hard tissues [23]. Differently, in this 
study, we assessed the dietary Ca intake level, which may 
have specific underlying mechanisms to explain the rela-
tionship of deficient dietary Ca intake and high odds of 
dental caries. In addition, the average VD consumption 
in participants was 7.85 gm that with no significant dif-
ference between caries group and non-caries group. 
Nevertheless, Sadashivappa et al. [24] considered there 
is no statistically significant association of dental caries 
with salivary Ca level. Besides, few studies have explored 
the relationship between physical activity and caries in 
children and adolescents, and they reached inconsistent 
conclusions. Sanchez et al. [25] assessed the relationship 
between physical activity level and oral health in Span-
ish adults, and concluded that physical activity is favor-
ably associated with some of the self-reported oral health 
correlates. However, Chauhan et al. [26] showed that car-
ies activity increased immediately after a vigorous work-
out and remains high at least for 15  min among adults 

belonged to 4 races. Due to the limitation of different 
measurement standards and populations, the relation-
ship between physical activity and caries in children and 
adolescents needed further interpretation.

The decreased level of Ca results in a reduction of 
enamel crystallinity, increasing its retentive surface, 
and further decreasing overall resistance [24]. A study 
conducted to compare the salivary Ca levels between 
patients with caries affected versus 32 non-caries indi-
viduals and found that Ca levels in non-caries group 
were far higher than caries group [22]. Another study 
in a sample of Canadian and American preschool-aged 
children showed that higher VD and Ca concentrations 
were significantly and independently associated with 
lower odds of severe early childhood caries [27]. Both 
higher VD and Ca concentrations were associated with 
lower odds for enamel hypoplasia, and these associa-
tions may be plausible biologically. The disturbances of 
VD and Ca during the development of tooth may result 
in dentin and enamel defects, which can further increase 
the risk of caries [27]. Previous studies have shown that 
it is likely to be driven by physical activity promoting a 
positive inflammatory profile, which subsequently lowers 
the risk of oral diseases [26]. The potential mechanisms 
of the potential benefits of physical activity on caries may 
be participation in physical activity lower the levels of 
inflammatory markers, such as C-reactive protein, tumor 
necrosis factor alpha, and interleukin 6, which are instru-
mental in the pathogenesis of oral disorders [28, 29]. 
Besides, physical activity has also been shown to increase 
the antimicrobial proteins and lactoferrin concentration, 
and lead to a decrease in inflammation [30]. However, 
the specific underlying mechanism of physical activity 
on childhood caries is still unclear, which needed further 
basic studies to clarify. We recommended that adequate 
intake of dietary Ca in children and adolescents, which 
is conducive to the development of dental structure and 
function; at the same time, combined with appropriate 
physical exercise, excess energy (mainly from carbohy-
drates) can be consumed, which is conducive to allevi-
ating oxidative stress, reducing inflammatory response, 

Variables Total
(n = 5917)

Non-caries
(n = 3230)

Caries
(n = 2687)

P

 Reach recommendation level 1942 (34.73) 1177 (38.19) 765 (30.06)
 Not reach recommendation level 3975 (65.27) 2053 (61.81) 1922 (69.94)
Combined effect between Ca intake and physical activity, n (%) < 0.001
 Ca reach recommendation level & physical activity = 7 990 (16.70) 633 (19.68) 357 (12.67)
 Ca reach recommendation level & physical activity < 7 952 (18.03) 544 (18.51) 408 (17.39)
 Ca not reach recommendation level & physical activity = 7 1526 (24.11) 854 (25.78) 672 (21.85)
 Ca not reach recommendation level & physical activity < 7 2449 (41.16) 1199 (36.03) 1250 (48.09)
Statistics analyses including χ2 test and t test

SE: standard error, PIR: poverty-to-income ratio, BMI: body mass index, VD: vitamin D, Ca: calcium

Table 1 (continued) 
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regulating the diversity of caries causing microorganisms, 
and thus playing a potential role in preventing dental 
caries. Herein, we considered the research results could 
provide some references for public health policies and 
preventative strategies in clinical practice.

The subgroup analysis showed the similar results that 
the combined effect between dietary Ca intake and physi-
cal activity on caries was also found in children and ado-
lescents who aged < 12 years old or not have obesity. In 
addition, whether the participants had a total sugar 
intake over 98 gm or not, failing to reach the recommen-
dation of Ca intake and the physical activity standard was 
a potential risk factor for caries. Similar to the study con-
ducted by Pratyusha et al. [22], we found this combined 
effect significantly in age < 12 years old subgroup. How-
ever, most of the participants in the current study was 
less than 12 years old (64.66%) and Non-Hispanic White, 
so that the results may influenced by the study samples. 
Also, the influencing factors for the age difference of 
caries in children and adolescent are diverse. Previous 
studies have reported that prolonged breastfeeding [31] 
or the epigenetic change such as DNA methylation [32] 
may be associated with the caries in the early age. Obe-
sity and dental caries share some common and modifi-
able factors, such as diet and lifestyle [33]. A systematic 
review and meta-analyses by Manohar et al. [34] showed 
that children with overweight and obesity had a signifi-
cantly higher dental caries experience compared with 
those who with normal weight. Similarly, our subgroup 
analysis results showed that among children and adoles-
cents without obesity, dietary Ca intake not reach rec-
ommendation level combined with physical activity less 
than 7 times a week was associated with higher odds of 
caries than those who reached the standards. However, 
Shi et al. [33] considered that obesity is negatively asso-
ciated with dental caries in children and adolescents in 
Huizhou, China. The possible reason for these different 
results may be that the target population is different. 
In addition, those obese children and adolescents may 
come from economically wealthy families and their par-
ents believe that higher food intake makes their children 
grow faster, which results in overweight or obesity, and 
they also pay more attention to their child’s health status, 
including oral health. It is well-known the role of sugars 
in the etiology of dental caries, where the metabolism of 
sugars by dental biofilm results in dysbiosis, pH drops, 
and consequently tooth demineralization [35]. Sugar 
results in biofilm accumulation and dysbiosis locally [36], 
and is involved in oxidative stress and low-grade systemic 
inflammation systemically [37]. Sufficient Ca consump-
tion and physical activity may benefit to reduce the oxi-
dative stress as well as improving inflammatory state that 
further related to decreased risk of dental caries. Besides, 
sugar and sweetened beverages intake is associated with 

Table 2 Univariate analysis to screen covariates associated with 
dental caries in children and adolescents
Variables OR (95% CI) P
Age
 <12 Ref
 ≥12 1.87 (1.44–2.43) < 0.001
Gender
 Male Ref
 Female 0.91 (0.76–1.08) 0.270
Race
 Non-Hispanic White Ref
 Non-Hispanic Black 1.21 (0.90–1.61) 0.197
 Others 1.71 (1.38–2.11) < 0.001
PIR
 <1.0 Ref
 ≥1.0 0.54 (0.44–0.66) < 0.001
Household food security category
 Full food security Ref
 Marginal food security 1.61 (1.21–2.13) 0.002
 Low food security 1.93 (1.48–2.52) < 0.001
 Very low food security 1.79 (1.31–2.44) < 0.001
Obesity
 No Ref
 Yes 1.28 (1.10–1.49) 0.002
Birth weight
 <5.5 Ref
 5.5-9.0 1.01 (0.83–1.22) 0.920
 ≥9.0 1.22 (0.76–1.96) 0.408
Smoking during pregnant
 No Ref
 Yes 1.51 (1.15–1.98) 0.004
Cotinine
 ≤0.05 Ref
 >0.05 1.19 (0.97–1.46) 0.097
 Unknown 0.51 (0.40–0.65) < 0.001
Total energy intake 1.01 (1.01–1.01) < 0.001
Total sugar intake 1.01 (1.01–1.01) 0.002
VD 0.99 (0.98–1.01) 0.425
Fiber intake 1.01 (1.00-1.02) 0.133
Frequency of tooth brushing
 <2 Ref
 ≥2 0.97 (0.76–1.25) 0.837
Amount of toothpaste use
 <half load Ref
 ≥half load 1.43 (1.22–1.67) < 0.001
Time period since last dental visit
 <1 Ref
 1–2 1.04 (0.83–1.32) 0.715
 ≥2 0.32 (0.24–0.43) < 0.001
PIR: poverty-to-income ratio, BMI: body mass index, VD: vitamin D
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both increased acid production by cariogenic plaque 
bacteria and energy consumption in children [38]. Com-
monly, children and adolescents with Ca deficiency and 
have deficient physical activity may meanwhile consume 
more sugar. However, in the current research, no mat-
ter how much of total sugar intake (more than 98 gm 
or ≤ 98 gm), relationship of combined effect between 

dietary Ca intake and physical activity on dental caries 
was significant, indicating that both high and low sugar 
consumption individuals need to focus the dietary Ca 
intake as well as appropriate daily physical activity. The 
median total sugar intake per day in children and adoles-
cents in the NHANES was 98 gm, which is similar to the 
previous NHANES report (about 100 gm) [39]. Due to 

Table 3 Combined effect between Ca intake and physical activity on dental caries
Variables Model 1 Model 2 Model 3

OR (95% CI) P OR (95% CI) P OR (95% CI) P
Ca intake
 Reach recommendation level Ref Ref Ref
 Not reach recommendation level 1.44 (1.20–1.72) < 0.001 1.28 (1.10–1.49) 0.002 1.43 (1.22–1.67) < 0.001
Physical activity
 = 7 Ref Ref Ref
 < 7 1.58 (1.30–1.92) < 0.001 1.26 (1.07–1.48) 0.007 1.27 (1.07–1.50) 0.007
Combined effect
 Ca reach recommendation level & physical activity = 7 Ref Ref Ref
 Ca reach recommendation level & physical activity < 7 1.46 (1.07–1.99) 0.018 1.26 (0.94–1.68) 0.123 1.22 (0.91–1.62) 0.173
 Ca not reach recommendation level & physical activity = 7 1.32 (1.01–1.72) 0.046 1.28 (0.99–1.66) 0.062 1.38 (1.08–1.76) 0.012
 Ca not reach recommendation level & physical activity < 7 2.07 (1.54–2.80) < 0.001 1.59 (1.23–2.06) < 0.001 1.77 (1.38–2.27) < 0.001
 P for trend < 0.001 < 0.001 < 0.001
Ca: calcium, OR: odds ratio, CI: confidence interval, Ref: reference

Model 1: crude model;

Model 2: adjusted for age and race;

Model 3: adjusted for age, race, PIR, household food security category, obesity, smoking during pregnant, cotinine, total energy intake, total sugar intake, amount 
of toothpaste use, and time period since last dental visit

Table 4 Combined effect between Ca intake and physical activity on dental caries in age, obesity, and total sugar intake subgroups
Subgroups OR (95% CI) P OR (95% CI) P
Age < 12 years old (n = 4002) ≥ 12 years old (n = 1915)
 Ca reach recommendation level & physical activity = 7 Ref Ref
 Ca reach recommendation level & physical activity < 7 1.24 (0.91–1.70) 0.165 1.04 (0.52–2.07) 0.910
 Ca not reach recommendation level & physical activity = 7 1.45 (1.12–1.88) 0.006 0.94 (0.40–2.18) 0.880
 Ca not reach recommendation level & physical activity < 7 1.62 (1.23–2.14) 0.001 1.56 (0.65–3.73) 0.312
 P for trend 0.001 0.068
Obesity No (n = 4635) Yes (n = 1282)
 Ca reach recommendation level & physical activity = 7 Ref Ref
 Ca reach recommendation level & physical activity < 7 1.26 (0.98–1.62) 0.069 0.97 (0.44–2.12) 0.930
 Ca not reach recommendation level & physical activity = 7 1.47 (1.14–1.89) 0.004 0.93 (0.55–1.57) 0.789
 Ca not reach recommendation level & physical activity < 7 1.88 (1.49–2.35) < 0.001 1.28 (0.60–2.75) 0.511
 P for trend < 0.001 0.248
Total sugar intake ≤ 98 gm (n = 3010) > 98 gm (n = 2907)
 Ca reach recommendation level & physical activity = 7 Ref Ref
 Ca reach recommendation level & physical activity < 7 2.02 (1.24–3.30) 0.006 0.94 (0.66–1.36) 0.751
 Ca not reach recommendation level & physical activity = 7 2.06 (1.36–3.14) 0.001 1.11 (0.80–1.55) 0.524
 Ca not reach recommendation level & physical activity < 7 2.71 (1.70–4.32) < 0.001 1.39 (1.02–1.89) 0.038
 P for trend < 0.001 0.006
Ca: calcium, OR: odds ratio, CI: confidence interval, Ref: reference

Age subgroups: adjusted for race, PIR, household food security category, obesity, smoking during pregnant, cotinine, total energy intake, total sugar intake, amount 
of toothpaste use, and time period since last dental visit;

Obesity subgroups: adjusted for age, race, PIR, household food security category, smoking during pregnant, cotinine, total energy intake, total sugar intake, amount 
of toothpaste use, and time period since last dental visit;

Total sugar intake subgroups: adjusted for age, race, PIR, household food security category, obesity, smoking during pregnant, cotinine, total energy intake, amount 
of toothpaste use, and time period since last dental visit
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this consumption difference in this population, specific 
mechanisms to explain the observed combined effect on 
dental caries need further exploration.

This study explored the combined effect between 
dietary Ca consumption and physical activity on risk of 
dental caries, and we hope the results can provide some 
references for the exploration for lifestyle intervention 
methods to prevent and control dental caries in chil-
dren and adolescents. Basing on the NHANES database, 
which uses multi-stage complex sampling, the study 
sample size is large and has a good representation of the 
United States populations. However, there are still some 
limitations in the current study. Because of the cross-
sectional nature of this study, we are unable to clarify 
the causal association of Ca intake and physical activity 
with dental caries in children and adolescents. However, 
we tried our best to adjust for the covariates as much as 
possible to reduce the bias caused by confounding fac-
tors. Data on dietary intake information were collected 
through the NHANES 24-hour dietary recalls with ques-
tionnaires, which is hard to avoid the recall bias, but 
we only included the first day’s records to minimize the 
recall bias. Additionally, due to the information on spe-
cific treatment of dental caries, such as dental sealants 
and root canal therapy, was not available in the database, 
we could not extracted and included in the analyses.

Conclusion
Dietary Ca intake combined with physical activity have 
a potential negative association with caries experience 
in children and adolescents. Further studies are needed 
to explore the causal relationship between this effect and 
dental caries.
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