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Abstract

Background: The present study was conducted to prospectively assess the association between health-related
quality of life (HRQoL) and the development of dental caries in adults in northern Sweden. The SF-36 questionnaire
was used to estimate HRQoL.

Methods: Adults who had (i) participated in a population-based health screening in northern Sweden between
2003 and 2009 and had completed the SF-36 questionnaire, and (ii) received a dental check-up within 1 year
(n = 15,615) were included in the study. Of these, 9,838 had a second caries examination 2–7 years after the baseline
recording. Information regarding SF-36, lifestyle factors and medical conditions was retrieved by questionnaires, and
anthropometric status and blood lipid levels were measured. The association between dental caries (outcome) and
SF-36 scores (exposure) with the inclusion of potential confounders was analysed by linear and logistic regression.

Results: Caries increment increased significantly with decreasing scores for both physical and mental dimensions of
SF-36 in women, but no association was seen in men. However, lifelong caries experience (DMFS) increased linearly with
decreasing physical HRQoL in both men and women; this was also observed for the single dimension of mental HRQoL.
The crude odds ratio for being in the highest caries quintile compared to the lowest when having the poorest physical
HRQoL compared with the best physical HRQoL was 1.88 (95 % CI: 1.54–2.3). Several factors were identified as potential
confounders in the associations between DMFS and SF-36 scores, including education level, smoking, age, medications,
higher levels of total cholesterol, triglycerides, systolic blood pressure, body mass index and sugar intake. Except for
education level and smoking, the effect sizes for the association between gradually decreasing SF-36 scores and
increasing caries were generally moderate.

Conclusions: Increased development of caries was associated with low physical HRQoL and some aspects of mental
HRQoL. The mechanisms underlying these associations, which are likely confounded by both biological and lifestyle
factors, remain to be elucidated. The study implies that, when possible, subjects with poor HRQoL would benefit from
caries prevention measures meeting the underlying situation.
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Background
Health status is one cornerstone of an individual’s qual-
ity of life (QoL). QoL is defined as an individual’s per-
ception of his or her position in life in the context of the
culture and value systems in which he or she lives and
in relation to his or her goals, expectations, standards
and concerns [1]. Health is defined as a state of
complete physical, mental and social wellbeing and not
merely the absence of disease or infirmity [2]. These two

definitions emphasise that both QoL and health related
quality of life (HRQoL) are influenced by a complex
interplay of social and biological determinants [3, 4].
Dental caries is a multifactorial disease in which

host resistance and susceptibility combined with life-
style factors modify the overall outcome. The determi-
nants of caries are complex and involve both
biological and behavioural factors, such as diseases
and medications, hyposalivation and impaired saliva
defence functions, bacterial dysbiosis, oral muscle ac-
tivity, diet, oral hygiene, education level, smoking and
socioeconomic status [5].
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The impact of dental caries on oral health-related
quality of life (OHRQoL) has been described in a num-
ber of studies in children, adolescents and adults [6–9].
Some studies have also described this for HRQoL [10,
11], with worse scores in those with poorer dental status.
It is unclear whether the OHRQoL and HRQoL scores
represent independent entities and different sets of
underpinning aspects in relation to dental caries. For
instance, Mello dos Santos et al. [10] found no correl-
ation between OHRQoL and HRQoL scores, whereas
Broder et al. [11] found moderate negative correla-
tions between some aspects of these scores. It may be
assumed that poor dental status may have a causal
effect on OHRQoL and not vice versa, whereas a bilat-
eral relation may hide behind the association between
dental caries and HRQoL, i.e., poor dental status may
impair life quality, but non-dental determinants for
HRQoL may also be associated with an increased risk
of developing caries. Examples of such potential con-
founding (or common soil) aspects are diseases and
medications, but detailed knowledge on such factors is
limited.
The instruments used to assess HRQoL are either

generic or are designed to target specific conditions or
parts of the body, such as the mouth. In contrast to
target-specific instruments, the generic forms allow for
comparisons between population groups with different
diseases and medical problems [12]. The 36-question
short form instrument (SF-36) is a generic instrument
for measuring HRQoL that has been used in several clin-
ical studies [13, 14]. SF-36 measures physical and mental
HRQoL; it is a valid instrument for assessing HRQoL
during illness and after treatment, and for comparing
HRQoL in different groups [15]. The 36 questions in the
SF-36 instrument cover eight dimensions of function
and well-being [16]; gender- and age-specific reference
data on these eight SF-36 dimensions have been de-
scribed for various populations, including the Swedish
population [13, 17]. In addition, two summary scores
can be calculated on the basis of weighting of the indi-
vidual SF-36 dimensions: the Physical Component Sum-
mary (PCS) and the Mental Component Summary
(MCS) scores [18].
The aims of the present study were to evaluate the

association between HRQoL and prospective dental
caries status and to search for factors associated with
HRQoL and dental caries. The study was nested
within the population-based Västerbotten Intervention
Programme (VIP) conducted in northern Sweden. The
SF-36 instrument was used to estimate physical and
mental HRQoL. We hypothesised that lower physical
and mental HRQoL would be associated with an in-
creased risk of developing dental caries in both men
and women.
Methods
Study population
The participants in the present study were included in
the VIP, which is a community intervention project that
invites the inhabitants of Västerbotten to a health check-
up at their primary health care centre the years they turn
40, 50 and 60 years of age (for a period, 30-year-olds
were also entitled to a check-up at individual centres).
At the health check-up, participants answer a question-
naire on health and lifestyle aspects and they are subject
to a medical screening. The participation rate has varied
over time, but has been approximately 66 % in recent
years [19]. Furthermore, no systematic differences have
been found between those who have participated and
those who have declined [20]. For the present study,
subjects who had participated in a VIP screening be-
tween 2003 (when the SF-36 instrument was included in
the questionnaire) and 2009 (n = 47,341 unique subjects)
and had their regular dental care provided by the Public
Dental Service were eligible. Subjects with a full dental
examination within a year after the VIP screening (n =
17,882 unique subjects) were included. After merging
the VIP questionnaire data, 15,615 unique subjects ful-
filled the criteria of (i) having a full oral examination at a
public dental care clinic within a year after their VIP
screening and (ii) having answered at least 50 % of each
of the SF-36 questions. Of these subjects, 9,838 had a
second full caries examination 2–7 years (mean 95 %
CI), 3.70 (3.67–3.72) years) after the baseline recording.
This study was approved by the Local Ethical Commit-

tee in Umeå, Sweden. All participants signed a written
consent form at the health screening to participate and
to allow that all information could be used for scientific
purposes provided the results were published in an un-
traceable fashion.
SF-36
The overall structure of the SF-36 instrument, including
its eight dimensions, is presented in Additional file 1:
Figure S1. The dimensions are physical functioning (PF),
role physical (RP), bodily pain (BP), general health (GH),
vitality (VT), social functioning (SF), role emotional (RE)
and mental health (MH). The score of each scale falls
between 0 and 100 (the higher the score, the better the
HRQoL). The scales are combined in the Physical Com-
ponent Summary score (PCS; weighted sum of PF, RP,
BP and GH) and the Mental Component Summary score
(MCS; weighted sum of VT, SF, RE and MH) [18]. In the
present study, the proportion of missing answers for the
SF-36 questions were well below 1 % for all but one
question, for which it was 1.1 %. Hence, scores were
computed for all respondents and missing values were
replaced with Swedish reference means [13]. Similar to



Åkesson et al. BMC Oral Health  (2016) 16:15 Page 3 of 9
most previous studies, the questions on self-reported
health transition were not evaluated [15, 21].
Dental data
Information on the subjects’ number of teeth and
‘decayed, missing and filled’ tooth surfaces (DMFS)
was retrieved from electronic records at the Public
Dental Service of the County of Västerbotten. This
was recorded by the participants’ usual dentist, and
there was no calibration among the dental examiners.
The caries examinations included a visual examination
and at least two bitewing radiographs, and they were
performed in clinics with state-of-the-art equipment.
Data from the same year as the VIP visit and subse-
quent years were retrieved.
Recording of potential medical and lifestyle confounders
Heights and body weights were measured when the per-
son wore light clothes but no shoes. Blood samples were
drawn and cardiovascular risk factors, i.e., total choles-
terol levels, triglyceride levels, systolic and diastolic
blood pressures, and fasting and 2-h blood sugar levels
after a 75-g load of glucose in solution, were measured
as previously described [19].
Information on education (primary or lower secondary

education, upper secondary education and university),
working conditions (including working night shift), any
sick leave lasting ≥6 months and tobacco use (smoking
and use of Swedish snuff, i.e., snus) was obtained by the
questionnaire. Participants were classified as follows: (i)
smokers if they were current daily or occasional
smokers; (ii) ex-smokers if they had previously been a
daily or occasional smoker; (iii) non-smokers if they had
never smoked. Snuff use was classified as present, past
or never used.
Dietary intake, including the intake of beer, wine

and strong liquor, was recorded with a validated 66
item Food Frequency Questionnaire (FFQ) [22]. The
reported intake frequencies were transformed into
daily intakes of nutrients and servings of foods/food
aggregates or grams of alcohol per day, as previously
described [23]. FFQs in which the answers to ≥10 %
of the questions were missing and those that yielded
extreme estimated energy intake (lowest and highest
1 %) on the basis of the estimated food intake level
(FIL = total energy intake/basal metabolic rate) [24]
were excluded from the study. After these exclusions,
14,973 subjects were eligible for the evaluation of
dietary intake.
Physical activity was estimated using the Cambridge

Physical Activity Index [25] from self-reported activity at
work and during leisure time.
Data management and statistical analyses
The data were organised and analysed using the IBM
Statistical Package for Social Sciences (SPSS, version
22.0). The primary outcome variables were DMFS
(Decayed +Missing + Filled tooth surfaces, i.e., lifelong
caries experience) and DMFS increment (follow-up
DMFS - DMFS at baseline). The main exposure was SF-
36 scores. The participants were classified into quintile
groups based on their DMFS or SF-36 scores with rank-
ing performed separately for men and women and for
the 10-year age groups. The DMFS scores were normally
distributed, whereas the SF-36 scores were right-skewed.
For DMFS and for other normally distributed variables,
the adjusted means (with 95 % confidence intervals
(CIs)) are presented. For these data, differences between
groups were tested by comparing GLM least square
means standardised for sex, age, screening year and
number of years between the VIP screening and dental
recordings by parametric tests as described in the foot-
notes of the tables. For the SF-36 dimensions medians
with percentile values are presented, but the mean
values are also given to allow for comparisons with nor-
mative reference means [13, 15, 18]. Group differences
were tested using the non-parametric Kruskal–Wallis
tests. Differences in subject distributions were tested
using the Chi-squared test.
Partial least squares (PLS) modelling was used to

screen for factors potentially associated with DMFS at
baseline (the dependent variable as a continuous
measure) and subject characteristics as the set of inde-
pendent variables. The software SIMCA P+ (v. 12.0;
Umetrics AB, Umeå, Sweden) was used for PLS mod-
elling. All variables were autoscaled to unit variance
before being entered into the model. The importance
of each independent variable in explaining the vari-
ation among the outcome variable (DMFS) was given
in a PLS loading column plot with PLS correlation
coefficients and 95 % CIs. PLS correlation coefficients
where the 95 % CI did not include 0 were considered
statistically significant. The R2 and Q2 values provided
the capacity of the x-variables to explain (R2) and pre-
dict (Q2) the variance of the y-values (i.e., DMFS). Q2

values were obtained by cross-validation in which
every seventh observation was left out of the model
and predicted by a model from the remaining observa-
tions. This was repeated until all observations had
been left out of the model once.
Based on the outcome in the PLS screening (i.e., iden-

tified potential confounders between caries status and
HRQoL), the adjusted means or proportions were com-
pared for the DMFS, PCS and MCS quintile groups, and
linear trends and effect sizes were calculated, and poten-
tial interactions were tested by including the interaction
term in GLM models.
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Logistic regression, was used to calculate the odds ra-
tios (with 95 % CI) for being in the lowest versus highest
quintile of PCS scores by quintile group classification
based on the DMFS distribution. Crude odds ratios and
odds ratios adjusted for potential confounders were
identified by trend analyses. P-values <0.05 were consid-
ered statistically significant and all tests were two-sided.

Results
The distributions of the different SF-36 dimensions are
presented in Table 1. It can be seen that the mean values
are in accordance with published normative mean values
for Swedish men and women. A general description of
the study group, including the primary outcomes (DMFS
and DMFS increment) and various potential con-
founders, is presented in Table 2. Adjusted mean DMFS
values at baseline varied from 25 surfaces in 30-year-
olds to 83 surfaces in 60-year-olds, and the mean inci-
dence varied from 1.1 to 1.9 surfaces.
As a first step, we compared the mean (95 % CI) DMFS

increments and DMFS values at baseline in quintiles for
the PCS and MCS scores and the eight SF-36 dimen-
sions in men and women separately (Additional file 2:
Table 1 SF-36 score mean and distribution based on 15,615 subject

Normative
valuesa

Pe

Mean 5

Men

Physical Component Summary (PCS) 50.6 50.5 31

Physical functioning (PF) 90 92 60

Role physical (RP) 85 87 0

Bodily pain (BP) 77 75 31

General health (GH) 77 76 40

Mental Component Summary (MCS) 50.0 51.9 34

Vitality (VT) 71 69 30

Social functioning (SF) 90 93 63

Role emotional (RE) 87 92 33

Mental health (MH) 82 85 56

Women

Physical Component Summary (PCS) 49.5 48.5 27

Physical functioning (PF) 86 88 50

Role physical (RP) 82 82 0

Bodily pain (BP) 73 69 22

General health (GH) 75 73 35

Mental Component Summary (MCS) 49.1 50.1 28

Vitality (VT) 67 63 20

Social functioning (SF) 88 88 50

Role emotional (RE) 84 88 0

Mental health (MH) 80 81 52
aFrom normative data in [13, 15, 18]
Table S1 and Table S2). In women, statistically signifi-
cant trends were observed between increasing mean
DMFS increments and decreasing RP, GH, MCS, VT, SF,
RE, and MH scores (Additional file 2: Table S1), whereas
no such associations were found in men (Additional file 2:
Table S2). However, when lifelong experience of caries
(DMFS) was used as the outcome, increasing DMFS
values were associated with decreasing PCS scores, but
not MCS scores, for both women and men (Additional file
2: Table S1 and Table S2). The mean DMFS values also in-
creased with decreasing quintiles for each of the dimen-
sions underlying the PCS score (i.e., PF, RP, BP and GH)
in both men and women (Additional file 2: Table S1 and
Table S2). For the dimensions underlying the MCS score,
the mean DMFS values increased in women with decreas-
ing quintile groups for all four dimensions (VT, SF, RE
and MH) (Additional file 2: Table S1), but in men, a simi-
lar trend was observed for VT only (Additional file 2:
Table S2).
As a second step, we performed PLS multivariate

modelling with caries prevalence as the dependent vari-
able and factors reflecting lifestyle, physical aspects, and
mental aspects as the independent block to identify
s (7,669 men and 7,946 women)

rcentile value

% 10 % 25 % Median 75 % 90 % 95 %

.9 38.2 47.9 53.0 56.1 57.6 58.3

75 90 95 100 100 100

50 100 100 100 100 100

41 52 84 100 100 100

50 67 77 90 97 100

.8 42.2 49.9 54.2 56.6 58.6 59.3

40 55 75 85 95 100

75 88 100 100 100 100

67 100 100 100 100 100

64 80 88 92 100 100

.9 33.4 43.6 51.4 55.8 57.8 58.7

65 80 95 100 100 100

25 75 100 100 100 100

32 44 72 100 100 100

40 60 77 88 97 100

.8 36.1 47.2 53.2 56.1 58.4 59.6

30 50 65 80 90 92

63 75 100 100 100 100

33 100 100 100 100 100

60 72 84 92 96 100



Table 2 Study group characteristics of n = 15,615 study participants of whom 9,838 had a follow-up dental examination

Age group (n = baseline/follow-up) p-value

30-34 year
(n = 161/108)

35-44 year
(n = 5,664/3,579)

45-54 year
(n = 5,261/3,290)

55-62 year
(n = 4,529/2,861)

by age by sex

Percent men/women 45 / 55 49 / 51 50 / 50 48 / 52

Number of teetha 29.4 (28.9-29.9) 28.9 (28.8-29.0) 27.7 (27.7-27.8) 24.7 (24.6-24.8) <0.001 <0.001

Caries follow-upb, years 3.94 (3.68-4.23) 3.71 (3.66-3.76) 3.70 (3.65-3.75) 3.67 (3.62-3.72) 0.177 0.035

Caries status

DMFTa 9.6 (8.8-10.4) 14.4 (14.3-14.6) 20.5 (20.4-20.6) 24.4 (24.2-24.5) <0.001 0.321

DMFSa 24.9 (22.7-29.3) 37.2 (36.7-37.8) 58.6 (58.0-59.1) 82.8 (82.2-83.4) <0.001 0.154

DMFS incidencec 1.1 (0.7-1.8) 1.1 (1.0-1.3) 1.5 (1.4-1.6) 1.9 (1.7-2.0) <0.001 0.058

BMIa 26.0 (25.3-26.6) 26.1 (26.0-26.3) 26.6 (26.4-26.7) 26.9 (26.8-27.0) <0.001 <0.001

Dieta

energy, kCal/day 1.907 (1.827-1.988) 1.756 (1.743-1.769) 1.724 (1.711-1.738) 1.661 (1.646-1.677) <0.001 <0.001

carbohydrates, E% 46.0 (44.9-47.0) 45.9 (45.8-46.1) 46.8 (46.6-47.0) 49.7 (49.5-49.9) <0.001 <0.001

fat, E% 38.0 (36.9-39.0) 36.1 (35.9-36.3) 35.6 (35.4-35.7) 33.1 (32.9-33.3) <0.001 <0.001

protein, E% 14.6 (14.2-15.0) 15.0 (14.9-15.1) 14.9 (14.8-14.9) 15.1 (15.0-15.2) 0.337 <0.001

sugar, E% 6.3 (5.8-6.7) 5.6 (5.5-5.7) 5.3 (5.3-5.4) 5.9 (5.8-6.0) 0.001 0.083

Alcohola, g/day 3.6 (2.8-4.3) 3.8 (3.6-3.9) 4.1 (4.0-4.3) 4.2 (4.0-4.3) 0.717 <0.001

Smoking <0.001 <0.001

present, % 15.6 11.5 17.3 15.9

past, % 20.6 20.8 33.9 41.1

never, % 63.7 67.7 48.9 43.0

Snuff use <0.001 <0.001

present, % 28.7 23.3 20.0 12.6

past, % 9.4 12.5 13.0 11.6

never, % 61.9 64.2 67.0 75.8

University education, % 25.0 30.5 27.1 21.2 <0.001 <0.001

Physically inactive, % 12.5 14.5 15,4 18.0 <0.001 <0.001

Two or more medicines, % 0.6 1.3 5.0 15.5 <0.001 0.641

Sick leave ≥6 months, % 7.0 17.3 22.5 32.4 <0.001 <0.001

N-values are for numbers at baseline / numbers at follow-up
aMean (95 % CI) adjusted for sex, age and screening year; bMean (95 % CI); cmean (95 % CI) adjusted for sex, age, screening and follow-up years
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variables associated with caries status that may have
confounded the HRQoL. The PLS model revealed that
higher caries scores were associated with age, systolic
and diastolic blood pressure, number of medications,
having taken ≥6 months of sick leave, cholesterol, trigly-
ceride and blood sugar levels, BMI, smoking, sugar
intake, and MCS score, being divorced and being physic-
ally inactive, and sex (Fig. 1). Lower caries scores were
associated with higher PCS scores, higher education,
screening year, snuff use, reported alcohol intake and
being married (Fig. 1). The pattern was similar when
analysed separately for men and women (data not
shown). The model had an explanatory capacity of
46.0 % and a cross-validated predictive capacity of
45.8 % (R2 and Q2 values, respectively) for the two
strongest components. Of these identified factors, only
being divorced was found to have an interaction with
the PCS and MCS scores.
PLS identifies hidden structures in the data swarm and

clusters influential variables, but without any standardi-
sations. Therefore, we followed-up on each of the factors
identified in the screening PLS loading plot in quintile
groups of caries prevalence, PCS scores and MCS scores
with adjustments for sex, age, screening year and num-
ber of follow-up years (Additional file 2: Table S3 Table
S4 and Table S5). The most influential factors for caries
development were education level and smoking status,
each with effect sizes of 15 and 12 %, respectively; in
comparison, being single or married, using snuff, being
physically inactive, number of medications, and having
taken ≥6 months of sick leave had effect sizes between
3 % and 7 %, whereas sugar intake had an effect size of



Fig. 1 Column loading plot from PLS modelling of DMF surfaces at baseline. DMFS (continuous measure) was employed as the dependent variable and
factors potentially associated with the risk of developing caries were the independent variables. The strength and directions of the associations are shown
as PLS correlation coefficients on the y-axis. Factors with 95 % CIs that do not include zero are statistically significant. Those with PLS coefficients >0 are
associated with more caries (to the left; i.e., the higher the age, the higher the caries score) and those with negative coefficients are associated with fewer
caries (to the right; i.e., the higher the PCS score, the lower the caries score)

Table 3 Odds ratio (β-coefficient with 95 % confidence intervals
(95 % CI)) if in the lowest (poorest) versus the highest (best) quintile
of physical health quality of life (PCS scores)

Factor in model β-coefficient 95 % CI p-value

Crude model

Caries

Q1(lowest DMFS) 1.00

Q2 1.07 0.879 - 1.31 0.490

Q3 1.18 0.97 - 1.44 0.107

Q4 1.52 1.25 - 1.85 <0.001

Q5 (highest DMFS) 1.88 1.54 - 2.31 <0.001

Adjusted modela

Caries

Q1(lowest DMFS) 1.00

Q2 1.05 0.83 - 1.33 0.701

Q3 1.08 0.85 - 1.38 0.520

Q4 1.26 1.00 - 1.60 0.054

Q5 (highest DMFS) 1.57 1.23- 2.00 0.001

Education (no university) 1.82 1.53 - 2.17 <0.001

Smoking (present) 1.08 0.87- 1.34 0.478

Sick leave ≥6 months 10.80 9.00 - 12.95 <0.001

≥2 medications 3.61 3.40 - 5.43 <0.001

Ranking into caries quintile groups was for caries prevalence at follow-up by
sex and 10-year age groups. Hence, age and sex was not included in the
adjusted logistic regression analysis model
aadjustment for marital status, additional lifestyle measures, and medical
measures had no further effect (cf. Additional file 2: Table S3)
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0.6 % (Additional file 2: Table S3). These trends were
similar in the sex and age strata (data not shown). Not-
ably, standardisation for sex, age and screening year,
eliminated the association between blood cholesterol,
2 h blood sugar, being divorced, snuff use and DMFS
scores as indicated in the PLS loading plot.
The proportion of subjects with university education

similarly increased with increasing quintile groups of
PCS scores (effect size: 13 %; Additional file 2: Table S4);
the opposite trend was observed for MCS scores
(Additional file 2: Table S5). Furthermore, the lowest
quintile of both PCS and MCS scores contained more
single participants and fewer married participants
(Additional file 2: Table S4 and Table S5). Several life-
style markers, including smoking, snuff use, physical
inactivity and sugar intake, were associated with decreas-
ing quintile groups for both PCS and MCS scores
(Additional file 2: Table S4 and Table S5). The cardio-
metabolic risk factors, BMI, triglyceride and blood sugar
levels and blood pressures increased with decreasing
quintiles of PCS score (Additional file 2: Table S4). For
MCS scores, similar trends were observed only for the
triglyceride land fasting blood sugar levels, and blood
pressure (Additional file 2: Table S5). The trends were
similar for sex and age strata (data not shown). The
number of medications increased with decreasing quin-
tile groups of PCS and MCS scores, and the same trend
was observed for sick leave (Additional file 2: Table S4
and Table S5).
Finally, we calculated the odds ratio for being in

caries quintile 1-5 when having the poorest HRQOL
(lowest PCS quintile) compared with the best HRQoL
(highest PCS quintile) (Table 3). The crude odds ratio
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(β-coefficient with 95 % CI) for being in the highest
versus in the lowest caries quintile at follow-up when
being the lowest PCS quintile compared with the
highest PCS quintile was 1.88 (1.54–2.31). The pat-
tern was similar for men and women (data not
shown). The odds ratio decreased to 1.57 (1.23–2.00)
when the model was adjusted for education, smoking,
having taken ≥6 months of sick leave and using two
or more medications. Additional adjustment had no
further effect. Restricting the analysis to the 9,838
subjects who had a follow-up yielded the same trend
for the odds ratios as those presented in Table 3.

Discussion
In the present study, increasing caries incidence was
associated with decreasing scores for RP, GH, VT, SF,
RE, MH and MCS scores in women but not in men.
However, the prevalence of caries (lifetime experience of
caries) increased with decreasing PCS scores and each of
the underlying dimensions in both men and women and
with decreasing scores for the dimensions underlying
the MCS score (VT, SF, RE and MH) in women. These
associations likely represent confounding by, for ex-
ample, education level, the number of medications pre-
scribed, smoking status, and ever having taken at least
6 months sick leave. Subjects with a high prevalence of
caries and low physical HRQoL were also characterised
by marital status, snuff use, higher sugar intake, physical
inactivity and having unfavourable levels of several
lifestyle-related cardiovascular risk factors.
The strengths of the present study were that the study

group represented the population in the entire County of
Västerbotten in Northern Sweden (15,093 km2 in area,
with approximately 262,000 inhabitants) and was large
enough to allow for gender-separated analyses. A thor-
oughly validated instrument with population-based refer-
ence values was used to estimate HRQoL [13–16, 18] and
the response rate was very high for all 36 SF-questions.
Moreover, information on lifestyle habits and medical
and socioeconomic status was collected by standardised
routines at the same screening as the SF-36 [26]. Fi-
nally, clinically determined, as opposed to self-reported,
caries status could be retrieved at baseline and at
follow-up. Nonetheless, the study has limitations that
should be considered. The participants were those who
received dental care at the Public Dental Service in the
County of Västerbotten, Sweden. The Public Dental
Service provides regular dental care to approximately
45 % of the adult residents in this region [27]; most pa-
tients attend the same dental clinic on a long-term
basis, with recall visits every 1–3 years. The remaining
adult residents in the region either receive their dental
care in private practices or do not seek regular dental
care. The proportion that receives their dental care at
the Public Dental Service is significantly higher in the
northern-most counties compared with those in south-
ern Sweden [27]. This pattern has arisen partly because
of tradition and partly because the distance to a private
clinic is often prohibitively large, whereas Public Dental
Service is available at a clinic in the nearest community.
The results from previous screenings do not indicate
any major differences in dental or socioeconomic status
among adults treated by the Public Dental Service or in
private clinics in the Västerbotten region [20, 28]. Fur-
thermore, the SF-36 scores were in accordance with the
normative values from Sweden and other Western
countries [13, 15, 18], supporting both the usefulness of
the instrument in the Northern Sweden population and
the representativeness of the study group. Taken to-
gether, we consider it unlikely that there was a severe
systematic selection bias in the recruitment of partici-
pants in our study. Caries data were retrieved from elec-
tronic records at the Public Dental Service from dental
examinations conducted by the participants’ regular dental
care provider. The large number of dentists involved is
likely to have balanced the risk of systematic under- or
over-recordings. However, it is plausible that the propor-
tion of residents with the poorest HRQoL is underrepre-
sented in our study because only those who could visit a
dental clinic are represented.
DMFS was calculated according to WHO definitions

[28] and was used as the measure of dental caries. This
index, which represents the sum of untreated caries
lesions (restricted to cavitated lesions), fillings and other
restorations, and missing teeth, aims at capturing caries
experience over a lifetime. By this definition, the DMFS
scores may be systematically underestimated if incipient
caries are prevalent and overestimated if treatment
guidelines favour operative over preventive treatments.
In Sweden, the overall caries incidence is low [29], and
minimally invasive approaches for caries treatment [30]
have been applied for decades. This likely means that
the F component is not generally over-estimated in this
population. Furthermore, under-estimations from the
exclusion of white spot lesions is likely more pro-
nounced in younger age groups compared to middle age
groups with more stable caries, such as the group used
in this study. The M component, which should include
tooth losses due to caries, is biased by losses due to
orthodontic treatment and periodontal disease. However,
information on why a tooth was lost is, in general, un-
available. The WHO rule is to include all tooth losses.
The present study evaluated whether subjects report-

ing a poor HRQoL were more likely to develop or have
more caries than those with better scores, and what the
linking or confounding aspects might be. Such aspects
are likely to involve both underlying medical aspects and
psycho-social aspects that impact coping with caries-
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inducing factors, such as diet and oral hygiene. Hence,
the aspects linking poor HRQoL to caries development
may involve eating habits, illness, handicap, insomnia,
and polypharmacy with impaired saliva secretion and
cognitive capacity, which may be reflected in the individ-
uals’ education levels, smoking statuses, BMI, and
cardio-metabolic risk factors. In line with this, education
level, markers for medical issues (e.g., sick leave, and
medication), and lifestyle were found to be associated
with both HRQoL and lifetime experience of caries in
both men and women; for women, these factors were
also associated with prospective caries development.
These findings are in line with those reported by
Costa and co-workers in Brazilian adults [31]. Both
our findings and the results of Costa and co-workers
are, however, in contrast with findings in American
adolescents [11]. In general, it is difficult, if not im-
possible, to distinguish between causal and confound-
ing associations in descriptive epidemiological studies
involving complex diseases, such as caries, type-2 dia-
betes and obesity [5, 32]. The determinants for such
conditions are multifactorial, with different mosaics
for subgroups of subjects as shown for early child-
hood caries [33]. Among the identified factors shared
by HRQoL and caries, most did not represent a po-
tential causal association, but were instead confound-
ing factors. One example of a newer epidemiological
technique that has the capacity to circumventing con-
founding factors and identifying causal associations is the
Mendelian randomisation method, in which genes associ-
ated with the outcome or exposure are employed. We
recently applied this method to show that the commonly
reported association between obesity and periodontal dis-
ease is unlikely to be causal [34].
In the present study, decreasing SF-36 scores were

associated with increasing caries incidence in women,
whereas such associations were found with the lifelong,
cumulative experience of caries in both men and
women. This may reflect that the association between
HRQoL and caries incidence in middle-aged people is
limited to women. Alternatively, it may reflect that the
power to detect an association was significantly lower
for caries increments due to less variation in caries inci-
dences compared to the lifelong, cumulative experience
of caries. In populations with organised dental care, such
as in Sweden, caries is a condition that progresses
slowly, with symptoms taking on average 4–5 years to
become clinically detectable even with the use of excel-
lent light and x-rays [35, 36]. In the present study, the
follow-up time was mostly 2-4 years. Hence, the follow-
up period may have been too short to properly evaluate
caries incidence.
Evaluating the effect size provided an estimate of the

magnitude of the association between caries and SF-36
scores and with each of the identified confounding/
causal factors. For several of the SF-36 dimensions,
decreasing SF-36 scores were associated with a linear
increase in caries, but the effect sizes were moderate.
Moreover, the average difference between the highest
and lowest SF-36 quintile was five DMF surfaces,
which is equivalent to the loss of one tooth. Never-
theless, the odds ratio for having the poorest caries
status increased by 88 % (57 % if adjustments were
performed) if a subject had the poorest rather than
the best physical HRQoL.

Conclusion
Based on the present findings, we conclude that some
dimensions of mental HRQoL were associated with
higher caries incidence in women, but both physical
aspects of HRQoL and some mental dimensions were
associated with the lifelong experience of caries in both
men and women. The mechanisms underlying the iden-
tified associations, which likely involve confounding bio-
logical and lifestyle factors as well as living conditions,
remain to be elucidated. The study implies that, when
possible, subjects with poor HRQoL would benefit
from caries prevention measures meeting the under-
lying situation. Such measures would rely on a func-
tioning collaboration with medical disciplines and
cost-effective monitoring.

Additional files

Additional file 1: Figure S1. Schematic description of the aspects
monitored by the SF-36 instrument as measures of health-related quality
of life. (PPTX 98 kb)

Additional file 2: Table S1. DMFS and DMFS increase from baseline to
follow-up in women in SF-36 quintile strata. The data are shown as the
means (95 % CIs) adjusted for age, screening year, and years to follow-up.
Numbers in the strata vary by distribution of scores for each SF-36
dimension; strata with <200 observations were not considered. Table S2.
DMFS and DMFS increase from baseline to follow-up in men in SF-36
quintile strata. The data are shown as the means (with 95 % CIs)
adjusted for age, screening year, and years to follow-up as indicated
in the footnote. Numbers in the strata vary by distribution of scores
for each SF-36 dimension; strata with <200 observations were not
considered. Table S3. Social situation, lifestyle and medical characteristics
in all participants by quintile classification of caries prevalence at follow-up.
Table S4. Social situation, lifestyle and medical characteristics in all
participants by quintile classification of Physical Component Summary
scores (PCS). Table S5. Social situation, lifestyle and medical characteristics
in all participants by quintile classification of Mental Component Summary
scores (MCS). (DOCX 67 kb)

Abbreviations
BMI: body mass index; BP: bodily pain; CI: confidence interval;
DMFS: decayed, missing and filled tooth surfaces; DMFT: Decayed, missing
and filled teeth; E%: energy percentage; FFQ: food frequency questionnaire;
FIL: food intake level(total energy intake/basal metabolic rate); GH: general
health perceptions; HRQoL: health-related quality of life; kCal: kilocalorie;
MCS: mental component summary score; MH: mental health; OIDP: the oral
impacts on daily performance; PCS: physical component summary score;
PF: physical functioning; PLS: partial least squares regression analysis; RE: role

dx.doi.org/10.1186/s12903-016-0166-3
dx.doi.org/10.1186/s12903-016-0166-3


Åkesson et al. BMC Oral Health  (2016) 16:15 Page 9 of 9
emotional; RP: role physical; R2: symbol for the coefficient of determination
of a linear regression; SF: social functioning; SF-36: the 36-question short
form instrument; SPSS: IBM statistical package for social sciences;
QOL: quality of life; Q2: estimates goodness of prediction in PLS;
VIP: Västerbotten intervention programme; VT: vitality; WHO: the World
Health Organization.

Competing interests
The authors declare that they have no competing interest.

Authors’ contributions
IJ and EWG compiled the dataset. MLÅ performed data analyses under
guidance of IJ. BL is responsible for the SF-36 instrument in the VIP questionnaire,
US was responsible for dental data retrieval. MLÅ and IJ drafted the manuscript
and all authors finalized and approved the final version.

Acknowledgements
This work was supported by the Västerbotten County Council and the
Swedish Research Council. We also want to thank the personal and
participants in VIP, and Per Lundgren, Public Dental Service for dental data
retrieval.

Author details
1Department of Odontology, Section of Cariology, Umeå University, Umeå,
Sweden. 2Dental Research Department, Public Dental Service, Region Örebro
County, Örebro Sweden and Faculty of Medicine and Health, School of
Health and Medical Sciences, Örebro University, Örebro, Sweden.
3Department of Public Dental Service, County council of Västerbotten, Umeå,
Sweden. 4Department of Public Health and Clinical Medicine, Occupational
and Environmental Medicine, Umeå University, Umeå, Sweden.

Received: 21 December 2015 Accepted: 20 January 2016

References
1. Saxena S, Orley J, WHOQOL Group W. Quality of life assessment: The world

health organization perspective. Eur Psychiatry. 1997;12 Suppl 3:263S–6S.
2. Preamble to the constitution of the World Health Organization as adopted

by the International Health Conference, New York, 19–22 June 1946, and
entered into force on 7 April 1948. Available at: [http://www.who.int/about/
definition/en/print.html].

3. Bowling A. Measuring disease: a review of disease specific quality of life
measurement scales. 2nd ed. Buckingham: Open University Press; 2001.

4. Bowling A. Measuring health: a review of quality of life measurement scales.
3rd ed. Buckingham: Open University Press; 2005.

5. Fejerskov O, Nyvad B, Kidd E. Dental Caries: The Disease and its Clinical
Management. 3rd ed. Chichester: West Sussex: Wiley-Blackwell; 2015.

6. Dimberg L, Lennartsson B, Bondemark L, Arnrup K. Oral health-related quality-
of-life among children in Swedish dental care: The impact from malocclusions
or orthodontic treatment need. Acta Odontol Scand. 2015;24:1–7.

7. Gururatana O, Baker SR, Robinson PG. Determinants of children's oral-
health-related quality of life over time. Community Dent Oral Epidemiol.
2014;42:206–15.

8. Batista MJ, Perianes LB, Hilgert JB, Hugo FN, Sousa ML. The impacts of oral
health on quality of life in working adults. Braz Oral Res. 2014;28:S1806.

9. Tan H, Peres KG, Peres MA. Do people with shortened dental arches have
worse oral health-related quality of life than those with more natural teeth?
A population-based study. Community Dent Oral Epidemiol. 2015;43:33–46.

10. Mello dos Santos C, Hugo FN, Leal AF, Hilgert JB. Comparison of two
assessment instruments of quality of life in older adults. Braz J Epidemiol.
2013;16:328–37.

11. Broder HL, Slade G, Caine R, Reisine S. Perceived impact of oral health
conditions among minority adolescents. J Public Health Dent. 2000;60:189–92.

12. Kaplan RM, Ries AL. Quality of life: concept and definition. COPD. 2007;4:263–71.
13. Sullivan M, Karlsson J, Taft C, Ware J. The SF-36 health survey questionnaire:

Swedish Manual and Interpretation Guide. 2nd ed. Gothenburg: Sahlgrenska
University Hospital; 2002.

14. Generic instrument Available at: [http//:www.promcenter.se/sv/generella-
instrument] Accessed 1 April 2011.
15. Sullivan M, Karlsson J, Ware Jr JE. The Swedish SF-36 Health Survey–I.
Evaluation of data quality, scaling assumptions, reliability and construct validity
across general populations in Sweden. Soc Sci Med. 1995;41:1349–58.

16. Ware Jr JE, Sherbourne CD. The MOS 36-item short-form health survey (SF-
36). I. Conceptual framework and item selection. Med Care. 1992;30:473–83.

17. Sullivan M, Karlsson J. The Swedish SF-36 Health Survey III. Evaluation of
criterion-based validity: results from normative population. J Clin Epidemiol.
1998;51:1105–13.

18. Jenkinson C. Comparison of UK and US methods for weighting and scoring
the SF-36 summary measures. J Public Health Med. 1999;21:372–6.

19. Norberg M, Wall S, Boman K, Weinehall L. The Vasterbotten Intervention
Programme: background, design and implications. Glob Health Action.
2010; doi:10.3402/gha.v3i0.4643.

20. Weinehall L, Hallgren CG, Westman G, Janlert U, Wall S. Reduction of selection
bias in primary prevention of cardiovascular disease through involvement of
primary health care. Scand J Prim Health Care. 1998;16:171–6.

21. SF-36® Health Survey Update [http//:www.sf-36.org/tools/sf36.shtml]
22. Johansson I, Hallmans G, Wikman A, Biessy C, Riboli E, Kaaks R. Validation and

calibration of food-frequency questionnaire measurements in the Northern
Sweden Health and Disease cohort. Public Health Nutr. 2002;5:487–96.

23. Johansson I, Nilsson LM, Stegmayr B, Boman K, Hallmans G, Winkvist A.
Associations among 25-year trends in diet, cholesterol and BMI from 140,000
observations in men and women in Northern Sweden. Nutr J. 2012;11:40.

24. Goldberg GR. From individual variation in energy intakes … to
variations in energy requirements and adaptations to them. Br J Nutr.
1997;78 Suppl 2:S81–94.

25. Wareham NJ, Jakes RW, Rennie KL, Schuit J, Mitchell J, Hennings S, et al.
Validity and repeatability of a simple index derived from the short physical
activity questionnaire used in the European Prospective Investigation into
Cancer and Nutrition (EPIC) study. Public Health Nutr. 2003;6:407–13.

26. Norberg M, Blomstedt Y, Lonnberg G, Nystrom L, Stenlund H, Wall S, et al.
Community participation and sustainability–evidence over 25 years in the
Vasterbotten Intervention Programme. Glob Health Action. 2012;5:1–9.

27. The National Board of Health and Welfare (Sweden) [http://www.
socialstyrelsen.se/english].

28. World Health Organization. Oral Health Surveys, basic methods. 5th ed.
Geneva: World Health Organization; 2013. E-book accessed in dec 2013.
Available at: [http://www.icd.org/content/publications/WHO-Oral-Health-
Surveys-Basic-Methods-5th-Edition-2013.pdf]

29. Norderyd O, Koch G, Papias A, Kohler AA, Helkimo AN, Brahm CO, et al. Oral
health of individuals aged 3-80 years in Jonkoping, Sweden during 40 years
(1973-2013). II. Review of clinical and radiographic findings. Swed Dent J.
2015;39:69–86.

30. Ericson D. The concept of minimally invasive dentistry. Dent Update.
2007;34:9–18.

31. Costa SM, Vasconcelos M, Abreu MH. Impact of dental caries on quality of
life among adults resident in greater Belo Horizonte, State of Minas Gerais,
Brazil. Cien Saude Colet. 2013;18:1971–80.

32. Craig J. Complex diseases: Research and applications. Nat Educ. 2008;1:184.
33. Tanner AC, Kent Jr RL, Holgerson PL, Hughes CV, Loo CY, Kanasi E, et al.

Microbiota of severe early childhood caries before and after therapy. J Dent
Res. 2011;90:1298–305.

34. Shungin D, Cornelis MC, Divaris K, Holtfreter B, Shaffer JR, Yu YH, et al. Using
genetics to test the causal relationship of total adiposity and periodontitis:
Mendelian randomization analyses in the Gene-Lifestyle Interactions and
Dental Endpoints (GLIDE) Consortium. Int J Epidemiol. 2015;44:638–50.

35. Shwartz M, Grondahl HG, Pliskin JS, Boffa J. A longitudinal analysis from
bite-wing radiographs of the rate of progression of approximal carious
lesions through human dental enamel. Arch Oral Biol. 1984;29:529–36.

36. Pitts NB. Monitoring of caries progression in permanent and primary
posterior approximal enamel by bitewing radiography. Community Dent
Oral Epidemiol. 1983;11:228–35.

https://en.wikipedia.org/wiki/Coefficient_of_determination#Coefficient%20of%20determination
http://www.who.int/about/definition/en/print.html
http://www.who.int/about/definition/en/print.html
http://www.promcenter.se/sv/generella-instrument
http://www.promcenter.se/sv/generella-instrument
http://dx.doi.org/10.3402/gha.v3i0.4643
http://www.sf-36.org/tools/sf36.shtml
http://www.socialstyrelsen.se/english
http://www.socialstyrelsen.se/english
http://www.icd.org/content/publications/WHO-Oral-Health-Surveys-Basic-Methods-5th-Edition-2013.pdf
http://www.icd.org/content/publications/WHO-Oral-Health-Surveys-Basic-Methods-5th-Edition-2013.pdf

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study population
	SF-36
	Dental data
	Recording of potential medical and lifestyle confounders
	Data management and statistical analyses

	Results
	Discussion
	Conclusion
	Additional files
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References



