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Abstract
Studies on measured physical fitness and oral health are sparse. The aim of this study was to investigate the associations 
between self-reported physical activity and measured physical fitness and oral health of young men. The study population 
consisted of 13,564 Finnish male conscripts who had mandatory clinical oral examinations and physical fitness tests at 
the beginning of military service in 2011. Finally, around 10,800 conscripts had physical fitness test outcomes available 
and a total of 8552 conscripts answered a computer-based questionnaire on background factors. Decayed Tooth (DT) and 
Decayed, Missing, or Filled Tooth (DMFT) indices, outcomes of surveys and fitness tests were used in analyses by cross-
tabulation and multivariable logistic regression model (odds ratios [OR] with 95% confidence interval [CI]) were calculated. 
Regularly exercising conscripts had a reduced need for dental restorative treatment than those reporting no physical activity 
(p < 0.0001). The proportion of participants with sound dentition (DT = 0) increased steadily with increasing physical activity 
(39.0–59.4%). Good measured physical fitness was a protective factor against increased dental restorative treatment need. 
A low prevalence of smoking and low use of alcohol and energy drinks were associated with frequent exercise, whereas 
consumption of sport drinks and snuff use were common among those who exercised frequently. Good measured physical 
fitness and self-reported physical activity are associated with reduced caries burden. There is a need for information about 
the harms of tobacco products and the benefits of a healthy diet, even for the increased energy needs of the physically active.

Keywords Dental caries · Oral health · Physical activity · Physical fitness · Tobacco

Introduction

Untreated dental caries in permanent teeth is the most com-
mon disease worldwide [1]. Poor oral health in top athletes 
has been reported since the 1960 s [2, 3]. This may be due 
to the fact endurance sports potentially reduce salivation, 
increasing the risk of caries and erosion [4]. Additionally, 
athletes snack often, likely because they have a higher-
than-usual need for extra energy [5]. The frequency and 
total amount of the intake of free sugars or sugar in food 
play a significant role in the development of dental caries 
[6–8]. Poor oral hygiene and physiological changes that 
occur during sport activities are factors which may cause 
oral diseases [9]. At the same time, young people who play 
sports are receptive to health-promoting issues [5]. Elite 
and professional athletes in the UK are willing to consider 
behavior change to improve oral health [10]. On the other 
hand, it has been found opposite results that dental caries 
was significantly less prevalent among those with sufficient 
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(19.8%) than insufficient (27.8%) physical activity among 
Spanish adults [11]. Insufficient physical activity may lead 
to overall lifestyle which includes more television watch-
ing. In the study among Chinese adolescent, longer duration 
of television watching was associated with higher risk of 
developing dental caries [12]. The reason of the association 
between TV watching and dental caries is not clear. Maybe it 
is associated lifestyle to consume more sweetened beverage 
and snacks while watching [13, 14].

There are studies in which physical activity has been 
linked to different health behaviors. Snuff use is increasing 
among athletes [15, 16] and those who exercise actively [16, 
17]. Snuff use may also indicate current or former smoking 
and snuff users are more positive about alcohol use [18]. In 
Finnish study by Päkkilä et al. (2017), the score ≥ 2900 m 
in the Cooper test and high physical activity decreased odds 
for smoking [19]. Also, physical exercise is associated with 
lower alcohol use for middle and high school students in the 
US, whereas participation in team sports is associated with 
binge drinking [20].

In Finland, military service is mandatory for men and 
voluntary for women under 30 years of age. More than 70% 
of men in each age cohort perform military service annually. 
The remainder of the age cohort performs civil service or 
is exempted from service either temporarily or permanently 
for medical reasons [21]. During service, the conscripts 
have obligatory physical tests and health examinations and 
therefore this provides unique study material on health sta-
tus, including oral health and behaviors of young men and 
women in their twenties. The outcome of the fitness tests 
in the Finnish Defence Forces show that body weight has 
increased, and the physical fitness level has declined among 
conscripts over the past 20–35 years [22].

There are plenty of studies regarding the oral health of 
elite athletes but recent literature on the association of physi-
cal fitness on oral health among age cohort is sparse.

The aim of this cross-sectional study was to investigate 
the associations between the burden of dental caries, physi-
cal fitness, physical activity, and use of tobacco, alcohol, and 
energy, soft, and sport drinks among young Finnish male age 
cohort. We hypothesized that poor physical fitness and low 
physical activity are associated with unhealthy behaviors 
and high need and history of dental restorative treatment.

Materials and methods

Study population

This cross-sectional study was conducted in 20 garrisons 
(of a total 24) of the Finnish Defence Forces in January and 
July 2011. A representative sample of the entire male age 
cohort born in the beginning of 90 was achieved by examine 

all conscripts in 15 garrisons and every fifth conscript in 
alphabetical order in the five largest garrisons. Oral health 
screening was performed as a part of the obligatory gen-
eral health examination during the conscripts’ first week in 
military service. The sample size estimation was not done. 
Need for dental restorative treatment of each conscript was 
recorded according to the 1997 criteria for epidemiological 
studies by the World Health Organization [23] and follow-
ing the protocol of Finnish Defence Forces. Examinations 
were performed using the dental unit light, a probe and an 
oral mirror. All oral examinations were conducted by 15 
calibrated dentists, who were trained and calibrated at two 
full-day sessions before research days in January and July 
2011. In these sessions, all examiners were given similar 
knowledge about the signs of activity and the depth of caries 
lesions. To practice and test their diagnostic skills, examin-
ers settled the treatment need for 30 photographed and radio-
graphed, extracted teeth with a variety of caries lesions using 
the WHO criteria. Inter-examiner agreement on treatment 
need in vitro was ICC = 0.733 (before January’s survey) and 
ICC = 0.717 (before July’s surveys). Intra-examiner agree-
ment on treatment need was ICC = 0.717. The protocol and 
reliability of the clinical examinations have been described 
in more detail previously. [17, 24]. Individual background 
factors and health behaviors were investigated, includ-
ing physical activity and dietary and oral hygiene habits. 
Although the answering the questionnaire was voluntary, 
all conscripts provided responses. When answering, the con-
scripts gave permission to use their personal military and 
health records.

Description of decayed tooth (DT) and decayed, 
missing, or filled tooth (DMFT) value

The tooth was recorded as decayed (DT) if a dental car-
ies lesion was detected on any surface of a tooth. If the 
tooth was either decayed, missing, or filled (DMFT) it had 
a DMFT value of 1, which represents caries history of the 
dentition. The DT and DMFT values varied between 0 and 
28, as the third molars (wisdom teeth) were excluded from 
the analyses.

Variables

The material consisted of a clinical oral health examination, 
a questionnaire on oral health-related issues, and fitness tests 
conducted in 2011 for conscripts. DT and DMFT indices 
were used as indicators of dental health. The responses to 
the following questions from the questionnaire were used: 
Do you use snuff? (never or hardly ever/every day or almost 
every day/occasionally); Do you smoke? (no/1–5 cigarettes 
daily/10–20 cigarettes daily/ > 20 cigarettes daily); Do you 
consume alcohol? (no/less than once a month/about once 
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a month/about every other week / about every week/more 
than once a week); Do you use energy drinks/sports drinks? 
(never or hardly ever/every day or almost every da /occa-
sionally). Conscripts were also asked How often do you do 
physical exercise? (never, 1–2 times a month, 1–2 times a 
week, 3–4 times a week, or more than 5 times a week).

Categorization of physical fitness test results

Measured physical fitness tests, Cooper test (meters 
ran in 12  min), push-ups (repetitions in 60  s), and sit-
ups (repetitions in 60  s) were categorized as follows: 
Cooper test (< 2200 m = poor; 2200 m–2799 m = accept-
able; 2800  m–3099  m = good; and > 3099  m = excel-
lent), push-ups (< 24 = poor; 24–37 = acceptable; 
38–43 = good; and > 43 = excellent) and sit-ups (< 29 = poor; 
29–42 = acceptable; 43–48 = good; and > 48 = excellent) 
[21]. These variables were also dichotomized for logistic 
regression models. If the Cooper test result was > 2799 m, 
it was considered good as well as > 37 and > 42 repetitions 
in push-ups and sit-ups, respectively; otherwise results were 
considered as poor.

Categorization of self‑reported results

For cross-tabulations, self-reported current amount of 
exercise was classified as not at all, infrequent (< 2 times a 
month), weekly (1–2 times a week), frequent (3–4 times a 
week), and almost daily (> 4 times a week). For the logistic 
regression model, variables were also categorized in the fol-
lowing three classes: < 1 time a week, 1–4 times a week, > 4 
times a week. For the logistic regression model, other self-
reported factors were dichotomized as follows: snuff use and 
smoking; those not smoking at all and all others; and those 
using snuff at least occasionally during the week and all 
others. Alcohol use was dichotomized as less than every 
other week and more often than every other week. The use 
of energy- and sport drinks was dichotomized as yes or no.

Categorization of caries experience

For cross-tabulations, DT and DMFT values were catego-
rized as 0, 1–3, and > 3. For the regression model, DT value 
was dichotomized as DT ≤ 0 or > 0.

Statistical considerations

Cross-tabulation, χ2 tests, and multivariable logistic regres-
sion model were used in the analyses and odds ratios (OR) 
with 95% confidence intervals (CI) were calculated. Dif-
ferences between the groups were considered statistically 
significant at p-values < 0.05. Post hoc testing with Bon-
ferroni repair has been used to find divergent groups in 

cross-tabulation and χ2 tests. ROC curve was drawn, and 
AUC value was calculated to analyze sensitivity and speci-
ficity of logistic regression model. Analyses were performed 
using SPSS version 25.0 (SPSS, Chicago, Illinois, USA) 
and R version 4.0.2 (R Core Team (2020). R: a language 
and environment for statistical computing. R Foundation for 
Statistical Computing, Vienna, Austria).

Ethical considerations

The index data were collected from the archives of the 
records of the Finnish Defence Forces with their permission. 
The research plan was evaluated by the Ethics Committee 
of the Northern Ostrobothnia Hospital District and a posi-
tive statement was issued on the 29 March 2010 (EETTMK: 
27/2010 71§). The Center for Military Medicine and the 
Defence Forces Staff gave the permission for the study on 
the 23 June 2010 (AG14218). The conscripts gave their con-
sent to use their personal data by answering the computer-
based questionnaire.

Results

Study group consisted of 13,564 men born in 1990, 1991, or 
1992 (mean age 19.6 years) and more than 10,800 of them 
was the results of physical fitness tests of Finnish Defence 
Forces available. Number available was slightly differ 
between the physical fitness tests (Cooper’s test = 10,808; 
push-ups = 10,882; sit-ups = 10,949). The reasons for the 
missing data can only be speculated. Perhaps, the conscripts 
in question were inhibited at the time arranged for physical 
fitness tests and in the big organization, no additional per-
formance shifts could be arranged. In connection with the 
oral screening, 8522 male conscripts answered a computer-
based questionnaire because of tight schedule just part of the 
conscripts has time to answered questionnaire.

According to the DT and DMFT values, oral health 
was significantly better in regularly exercising conscripts 
than those who did not exercise at all (Table 1). The great-
est difference was observed with conscripts who exer-
cised > 4 times a week. The proportion of conscripts with 
DT = 0 increased steadily as physical activity increased 
(39.0–59.4%). Based on post hoc tests, further evidence has 
got that the proportion of DT > 3 in those with little exercise 
is higher than those with high levels of exercise and vice 
versa (data not shown).

Similarly, the proportion of conscripts with more than 
three lesions needing dental restorative treatment decreased 
steadily as the frequency of exercise increased (22.6–8.3%). 
The same phenomenon was observed for the DMFT index 
(Table 1).
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A low prevalence of smoking and low use of alcohol and 
energy drinks were associated with frequent exercise. The 
converse was true for the use of snuff and sports drinks, 
which increased with increasing exercise frequency. Energy 
drinks were mostly consumed by those who exercised infre-
quently, whereas consumption of sport drinks was common 
among those who exercised frequently (Table 2).

Table 3 shows the results of physical fitness tests and cat-
egorized DT and DMFT values. DT = 0 and DMFT = 0 were 
most common among conscripts who achieved the highest 
scores (> 43 push-ups, > 48 sit-ups or > 3099 m from the 
Cooper test) (Table 3.) However, in the regression model, 
a low Cooper test score did not increase the odds for dental 
restorative treatment need (DT > 0), in contrast to smoking 
(OR = 1.91) or consumption of energy drinks (OR = 1.24) or 
low results of push-ups (OR = 1.14) and sit-ups (OR = 1.34). 
On the other hand, alcohol use every other week or more 
often was associated with no need of restorative treatment 
need (DT = 0) (Table 4). The AUC value of logistic regres-
sion model was 0.616 (Fig. 1).

Discussion

The main findings of the present study were that good physi-
cal fitness and high physical activity were associated with 
lower caries prevalence (DT) and history (DMFT). In the 
regression model, poor results from sit-ups and push-ups, 
daily smoking, and use of energy drinks increased the odds 
for caries incidence (DT > 0) whereas alcohol use every 
other week or often decrease the odds for restorative treat-
ment need. On the other hand, physically active conscripts 
used more snuff and sport drinks than their less active coun-
terparts, which means that the study hypothesis was only 
partially correct.

The results of the association between physical activity 
and dental caries are inconsistent with previous literature. 

Different outcomes between the studies may be explained 
by different research settings, such as differences in the 
assessment of physical activity and of dental caries (self-
reported vs clinical examination). In the Spanish study [10], 
self-reported high physical activity was associated with 
self-reported dental caries. However, the association disap-
peared in an adjusted (sex, age, marital status, education, 
obesity, smoking, alcohol) logistic regression model. This 
can be explained by mean age differences (20–48.5 years) 
and the fact that in the present study caries experience was 
not self-reported. In a systematic review, Needleman et al. 
(2015) observed that poor oral health in top athletes has been 
reported since the 1960 s [2]. Nutritional intake including 
usual diet, use of sport drinks and supplements, and dehy-
dration and drying of the oral cavity during sports activity 
are some of the oral health challenges for elite athletes [2]. 
In the present study, the population represents one Finnish 
male age cohort, not just athletes, which may explain the dif-
ferences between the studies. However, the present findings 
of high consumption of sport drinks among those with high 
physical activity is consistent with previous studies [14, 25].

An interesting finding was that good muscular strength 
(sit-ups, push-ups) and Cooper test were associated with 
no caries experience (DT = 0). This outcome was also evi-
dent in the regression analysis but not for excellent perfor-
mance in the Cooper test (> 2799 m). To our knowledge, 
there are no previous studies about the association between 
measured physical fitness and dental caries. The reasons 
for differences between different physical fitness tests con-
cerning caries risk can only be speculated. It seems that a 
conscript with good results in the push-ups or sit-ups test 
did not necessarily achieve good results in the Cooper test. 
A conscript with good results in the Cooper test possibly 
had more experience in endurance sports, which poten-
tially reduce saliva secretion [16] and lead to a greater-
than-usual need for extra energy. This additional need 
may be filled with carbohydrate-containing sport drinks 

Table 1  Proportions of the 
conscripts as for categorized 
amount of self-reported physical 
activity in association with 
restorative treatment need (DT), 
as well as present and past 
caries experience (DMFT)

n = 8552

How frequently do you exercise (times)? p

Not at all 1–2 / m 1–2 / w 3–4 / w  > 4 /w

DT (%/n)  < 0.001
 0 39.0/176 47.2/666 52.5/1,678 56.1/1,446 59.4/545
 1–3 38.4/173 34.7/489 32.7/1,045 32.7/843 32.3/296
  > 3 22.6/102 18.1/255 14.8/473 11.2/289 8.3/76
 Total 100 100 100 100 100

DMFT (%/n)  < 0.001
 0 14.2/64 16.9/238 19.6/626 21.8/562 22.4/205
 1–3 29.0/131 29.8/420 33.1/1,058 35.6/918 39.5/362
  > 3 56.8/256 53.3/752 47.3/1,512 42.6/1,098 38.2/350
 Total %/n 100/451 100/1,410 100/3,196 100/2,578 100/917
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and gels [2]. Previous sport activity type of the conscripts 
was not investigated in the present study. Frese et al. [4] 
investigated the effect of endurance training on dental car-
ies, tooth erosion, and saliva and observed that endurance 
athletes have a significantly higher risk for erosive tooth 
wear. There were no differences of caries prevalence and 
saliva parameters between the athletes and control group 
[16]. Erosive tooth wear was not studied here. It can be 
speculated bilateral pathway of association between physi-
cal fitness and activity and dental caries, i.e., physical fit-
ness may affect dental caries and dental caries may affect 
physical fitness. There are a lot of behavioral issues that 
can positively affect both physical fitness and oral health. 
Regular rhythm of life and healthy eating habits may be 
associated with physically active life and known to be 
good for oral health too. Gallagher et al. (2019) found 

that professional athletes known to be willing to consider 
behavior change to improve oral health [10].

Approximately, 90% of the study population consumed 
alcohol at least occasionally. Moderate alcohol consump-
tion (less than once a week) did not appear to be associated 
with physical activity, consistent with a previous study [26]. 
Consuming alcohol at least once a week already seems to 
decrease the amount of self-reported exercise. It would have 
been more valuable to investigate the total amount of alcohol 
use instead of frequency of use. That was not possible in the 
present study.

In Finland, smoking has decreased among young people 
and snuff use has increased, especially among athletes and 
those who exercise frequently [15–17]. This is consistent 
with the results in the present study, where daily snuff use 
was almost three times more common among those who 

Table 2  Amount of self-
reported exercise by conscripts, 
smoking, snuff, alcohol, energy 
drink, and sport drink use by 
section

Proportions of the conscripts as for categorized amount of self-reported physical activity in association 
with smoking, use of snuff, and consumption of alcohol, energy and sport drinks. n = 8552

How frequently do you exercise or play/m (month) or /w 
(week)?

p

Not at all 1–2 / m 1–2 / w 3–4 / w  > 4 /w

Do you smoke? (%/n)  < 0.001
 I do not 40.6/183 44.5/627 55.5/1774 70.7/1822 84.8/778
 1–5 cigarettes a day 10.9/49 13.3/187 14.0/447 12.9/333 8.5/78

10–20 cigarettes a day 39.7/179 37.8/533 28.1/898 15.0/387 5.8/53
  > 20 cigarettes a day 8.9/40 4.5/63 2.4/77 1.4/36 0.9/8
 Total %/n 100/451 100/1410 100/3196 100/2578 100/917

Do you use snuff? (%/n)  < 0.001
 Never or almost never 86.0/388 84.4/1,190 83.7/2,675 77.9/2,008 72.2/662
 Occasionally during the week 7.3/33 10.1/142 9.4/300 10.9/281 11.1/102
 Every day or almost every day 6.7/30 5.5/78 6.9/221 11.2/289 16.7/153
 Total %/n 100/451 100/1,410 100/3,196 100/2,578 100/917

Do you drink alcohol? (%/n)  < 0.001
 I do not 10.9/49 7.4/104 7.9/252 9.8/253 8.9/82
 Less than once a month 12.0/54 11.1/157 9.7/310 8.9/229 15.7/144
 Approximately once a month 14.9/67 19.5/275 21.9/700 24.2/623 29.6/271
 About every other week 18.8/85 29.9/422 34.7/1,109 35.6/918 31.7/291
 Approximately once a week 29.0/131 24.8/350 20.9/668 19.3/498 11.5/105
 More than once a week 14.4/65 7.2/102 4.9/157 2.2/57 2.6/24
 Total %/n 100//451 100/1,410 100/3,196 100/2,578 100/917

Do you use energy drinks? (%/n)  < 0.001
 Never or not at all 45.0/203 46.2/651 49.5/1,582 54.2/1,397 58.3/535
 Occasionally during the week 41.7/188 43.9/619 43.9/1,403 40.8/1,052 36.4/334
 Every day or almost every day 13.3/60 9.9/140 6.6/211 5.0/129 5.3/48
 Total %/n 100/451 100/1,410 100/3,196 100/2,578 100/917

Do you use sport drinks? (%/n)  < 0.001
 Never or not at all 92.5/417 89.8/1,266 83.2/2,659 69.3/1,787 48.0/440
 Occasionally during the week 5.5/25 9.5/134 15.9/508 26.3/678 38.9/357
 Every day or almost every day 2.0/9 0.7/10 0.9/29 4.4/113 13.1/120

Total %/n 100/451 100/1,410 100/3,196 100/2578 100/917
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exercised > 4 times a week than among those who did not 
exercise at all. Again, among physically active persons (exer-
cise > 4 times a week), non-smoking was two times more 
common than among conscripts who did not exercise at all. 
Snuff use may be perceived as a healthy alternative to ciga-
rette smoking. Snuff and other smokeless tobacco products 
are highly addictive due to the high amount of nicotine [27, 
28]. Nicotine addiction is considered a disease requiring 
treatment [29]. In addition, snuff use among men is asso-
ciated with increased all-cause mortality, cardiovascular 
mortality, and with possibly increased cancer mortality [30].

The strength of this study is the multifaceted approach to 
lifestyles that may affect or be associated with oral health. 
This study included a large cross-section of different socio-
economic groups, as mandatory military service is a unique 
environment that brings together these different groups. 
However, those with the most serious general diseases are 
exempted from service and therefore practically all partici-
pants were healthy; thus, the effect of chronic diseases could 
not be included in the analyses. The participants in the study 

were all males; the results cannot be generalized to young 
females. Information of health habits, such as smoking and 
exercise activity, was self-reported. This may have caused 
some bias in the outcome, as it is possible that respondents 
over- or underestimated their health behaviors. However, 
with such a large sample size, this bias is not anticipated to 
have a considerable effect on the results. In addition, some 
other common risk factors for dental caries such as the use 
of fluoride products, snacking and socio-economic status 
were not investigated in the study. So, the further studies 
are needed to investigate reasons behind the oral health dif-
ferences between different physical activity and physical 
fitness groups. There are also some limitations regarding 
study design. Cross-sectional study offers a snapshot of 
study group and causal relationships cannot describe.

It can be concluded that good physical fitness and high 
physical activity appear to be associated with a lower need 
for dental restorative treatment. Maybe young men who 
are interested in physical training, also are more interested 
about their oral health. Recommending a healthy lifestyle 

Table 4  Logistic regression 
analysis with DT > 0 as 
dependent variable and 
categorized health behaviors, 
self-reported physical activity 
and outcomes of physical fitness 
tests explaining (independent) 
variables

Explanatory variable DT > 0

OR 95% CI SE z P-value

Do you smoke
 No 1
 Yes 1.91 1.71, 2.13 0.06 11.59  < 0.001

Do you use snuff
 No 1
 Yes 1.05 0.92, 1.19 0.07 0.67 0.50

Do you consume alcohol
  < every other week 1
  ≥ every other week 0.79 0.71, 0.88 0.05 − 4.40  < 0.001

Do you use energy drinks
 No 1
 Yes 1.24 1.12, 1.37 0.05 4.01  < 0.001

Do you use sport drinks
 No 1
 Yes 1.06 0.93, 1.20 0.06 − 2.10 0.40

Push-ups
 Good 1
 Poor 1.14 1.01, 1.29 0.06 − 2.10 0.04

Sit-ups
 Good 1
 Poor 1.34 1.18, 1.52 0.07 − 4.46  < 0.001

Cooper test
 Good 1
 Poor 0.91 0.79, 1.04 0.07 1.40 0.175

Current amount of exercise
 Less than once/week 1
 1–4 times a week 0.89 0.78, 1.01 0.07 − 1.83 0.067
  > 4 times a week 0.90 0.72, 1.12 0.11 − 0.94 0.346
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may help young men even more holistic. Otherwise, use 
of snuff and sport drinks is common among men with high 
physical activity. To cover increased energy needs during 
exercise and free time, healthy dietary options that are 
not detrimental to oral health should be recommended to 
physically active persons. Support for cessation of tobacco 
products should also be provided.
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