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ABSTRACT

Objective: The aims were to explore the trend in basic oral treatment needs and total operating cost of
public dental services (PDS) in relation to total excise tax revenue generated from sugary products during
2011-2020 and to evaluate the impact of tax policy in excise tax revenue of sugary products and average
sugar consumption.

Methods: The study comprised longitudinal data retrieved from Finnish registries during the years 2011-
2020. Basic oral treatment needs, and total operating cost of PDS, total excise tax revenue generated from
sugary products and average sugar consumed (kg per capita) during the years 2011-2020 were obtained.
Simplified panel analyses and sensitivity analyses were used to evaluate the effects of explanatory vari-
ables on outcomes.

Results: An approximate one EUR 1,000,000 increase in total excise tax revenue generated from sugary
products corresponds to a 0.4% increase in total operating cost of PDS. There was a significant positive
trend in total operating cost of PDS in Finland over the study period. Similarly, an approximate one EUR
1,000,000 rise in total excise tax revenue corresponds to a 0.2% increase in basic oral treatment needs.
Additionally, there was a statistically significant difference in the average excise tax revenue for sugary
products between the periods before and after 2017.

Conclusion: No change in average sugar consumption was observed despite implementing the new sugar
policy. Therefore, it may be worthwhile to reconsider the excise tax on sweets and ice cream as it will sig-
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nificantly increase the total national revenues.

Introduction

Added sugars include sugars added to food or beverages while
food processing [1]. Added sugars are commonly found in table
sugar, sugar-sweetened beverage (SSB), candies, and confec-
tionaries. Frequent and excessive intake of added sugar is one of
the common risk factors for non-communicable diseases (NCD)
such as obesity, diabetes, cardiovascular diseases as well as den-
tal caries [1]. Studies have reported a strong correlation between
the amount of sugar consumption [2] and SSB and dental caries
increment [3]. Likewise, increased sugar intake is also associated
with periodontal diseases [4]. In Finland, mean enamel caries is
high among adults [5], and mean dental caries seem to be pla-
teaued during 2000 and 2011 [6]. Moreover, the polarization of
dental caries still exists among Finns [5, 7], and periodontitis is
still high, especially among young Finnish men [6]. Noteworthily,
the coexistence of dental caries and periodontal diseases in
Finnish adults was reported earlier [8].

In Finland, oral health care services are provided by the public
dental service (PDS) and private sector. Children and adolescents
(under 18 years old) have been entitled to receive free of charge

care (regular examinations, preventive care and treatment
including necessary orthodontic treatments) in the PDS since
1950s. However, since 2002, all the residents have been granted
access to the PDS or to the Social Insurance Institution of Finland
(KELA) led partial reimbursed private oral health care services.
There is a fixed fee-for-services only in the PDS but not in the
private sector. Additionally, if required, primary oral health care
services are sometimes purchased by public healthcare
providers from private sectors [9, 10]. The Finnish Student Health
Services organises primary health care, including oral health
care, for students attending higher education institutes [11].
The Finnish law on excise duty on sugar came into the force
for the first time in 1940. During that period, raw or refined sugar
products made from sugar beet were taxed. Later, in 2011, the
Finnish law on sweets, ice cream, and SSBs (sugary products)
came into force. The levied tax on SSB is constantly changing
(e.g. 11 cnt/L in 2011 to 27 cnt/L in 2019); however, after 2017,
sweets and ice cream (95 cnt/kg in 2011) no longer had excise
tax [12]. The amount of tax depends upon the sugar content on
products. Recently, the tax on sugar-free drinks decreased from
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13 to 9 cnt/L. However, the tax on drinks containing added sugar
or only natural sugar ranged from 16 to 48 cnt/L [13].

The average sugar consumption among Finns in 2020 was
32.2 kilograms per capita [14], and the domestic sales of soft
drinks were 278.4 million litres in the year 2020 [15]. A study
reported that the taxation of sugar and SSB had played a major
role in reducing the consumption of SSBs in Finland [16].
Previously, Bir6 [17] concluded that with increased sugar
taxation, the consumption of processed food (with added sugar)
decreased by 3.4%. Similarly, in scenario analyses done in
Germany [18], Australia [19], and the Netherlands [20] significant
reduction of dental caries was predicted by implementing a
20% sales tax on SSB. However, no studies were conducted
earlier to evaluate the relation between the taxation of sugary
products and oral treatment needs as well as operating cost of
PDS in Finland.

Therefore, the aim of this study is to explore the trend in basic
oral treatment needs and total operating cost of PDSs in relation
to total excise tax revenue generated from sugary products
during 2011-2020. Another aim was to evaluate the impact of
tax policy (2017) in excise tax revenue of sugary products and
average sugar consumption. The study hypotheses were that
there is a negative trend between taxation and oral treatment
needs (i.e. increase in excise tax revenue of sugary products will
decrease basic oral treatment needs and total operating cost of
PDSs) and sugar policy (2017) has an impact on excise tax
revenue and average sugar consumption.

Materials and methods

This was a nationwide register-based study in Finland that com-
prised longitudinal data retrieved from registries during the
period of 2011-2020.

Study variables

This study included the basic oral treatment needs and total
operating cost of PDSs during the years 2011-2020 that were
obtained from the Finnish Institute for Health and Welfare. The
need for basic oral treatment is defined as the proportion of
patients in need for dental or periodontal care (i.e. presence of
one or more decayed teeth and/or community periodontal
index [CPI] score 3 or more). Likewise, the total operating cost of
PDSs is defined as direct cost required to organise oral health
care services in Finland (EUR 1,000,000 per year) [21]. Similarly,
the excise tax revenue generated from sweets, ice cream, and
SSBs (EUR 1,000,000 per year) during the years 2011-2020 was
obtained from Statistics Finland [22], and average sugar con-
sumed (kilogram per capita) during the years 2011-2020 was
obtained from the Natural Resources Institute Finland [14].

Ethical consideration

Ethical clearance was not considered necessary because the
study was done using secondary data from open registries.

Statistical analyses

Data on the basic oral treatment needs, total operating costs of
PDSs, total excise tax revenue generated from sugary products,
and average sugar consumption during the years 2011-2020
were combined into Microsoft Excel®. All statistical analyses
were done using the R program (R Core Team, 2021) and Stata
Statistical Software 18 (StataCorp LLC, 2023).

To explore the effects of total excise tax revenue generated
from sugary products (EUR 1,000,000 per year) and the average
sugar consumption (kg per capita) on total operating cost of
PDSs (in EUR 1,000,000 per year) and the basic oral treatment
needs (percentage), simplified panel analyses were used, by
taking into consideration of the temporal trend (2011-2020)
within the following specification:

Y, =a+BX +vyZ + 0T +e, (1)

where Y, is two dependent variables in each case (eg.
logarithmic values of total operating cost of PDSs and the
percentage of basic oral treatment needs) in Finland in year i. X
is total excise tax revenue generated from sugary products (EUR
1,000,000 per year), Z is the average sugar consumption and T is
a vector including the temporal trend in years (2011-2020).
Lastly, e is the disturbance term.

When analyzing the total operating cost of PDSs, the values
were transformed into a logarithmic scale to facilitate more
meaningful interpretations when using the Ordinary Least
Squares (OLS) regression model. In the context of estimating
basic oral treatment needs, a fractional probit model was
employed, given that the outcome is represented as a
percentage. Fractional probit models are designed to predict
the conditional mean of the dependent variable "Y' based on the
covariates ‘X! Since 'Y’ falls within the range of 0 to 1, it is
advisable to report the marginal effects for a more informative
analysis.

Additionally, to understand the impact of a new sugar tax
policy (2017) on the independent variables, sensitivity analyses
were performed. To gain a deeper insight into these changes, a
methodology to track the percentage change of these variables
over time was devised. This involved subtracting the earlier
index value from the later one, then dividing this difference by
the earlier index value. The final step is to multiply the result by
100. To confirm the trends, difference in mean independent
t-tests with a 5% confidence level were performed.

Results

Figure 1 depicts the linear graphs plotted during the years
2011-2020 for basic oral treatment needs, total operating cost
of PDSs, total excise tax revenue generated from sugary prod-
ucts and average sugar consumed.

Table 1 displays the estimates for two key factors: the total
operating cost of PDSs (expressed in logarithmic values in
column 1) and the basic oral treatment needs (as a percentage
in column 2). Notably, there was a statistically significant positive
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Table 1. Association between basic oral treatment needs (proportion) and total operating cost of public dental services (in million euros) in relation to total
excise tax revenue of sugary products (in million euros) during 2011 - 2020 in Finland.

Explanatory variables

Total operating cost of public dental services

Basic oral treatment needs (in proportion)

(in million euros)

[1] [2]
Total excise tax revenue 0.004** 0.002*
(0.001) (0.001)
Average sugar consumption —0.090 0.030
(0.060) (0.005)
Years 0.019%** -0.010
(0.002) (0.008)
R-squared 0.929
F-Stat 26.22
Pseudo R-squared 0.401
Wald chi? 14.12

Source: Data drawn from [14, 21, 22].
Notes: N = 10. Column 2 reports marginal effects. Robust Standard errors are

association between the total excise tax revenue generated
from sugary products and the total operating cost of PDSs.
Specifically, an approximate one EUR 1,000,000 increase in total
excise tax revenue corresponds to a 0.4% increase in the total
operating cost of PDSs. When examining temporal trends, an
annual increase of 1.9% in the total operating cost of PDSs was
observed. However, there was no effect of average sugar
consumption on the total operating cost of PDSs.

Concerning the impact on basic oral treatment needs, a
statistically significant positive association between total excise
tax revenue generated from sugary products was observed,
albeit at a 10% significance level. In particular, an approximate
one EUR 1,000,000 rise in total excise tax revenue generated
from sugary products corresponds to a 0.2% increase in yearly
basic oral treatment needs. No additional effects related to
average sugar consumption or temporal trends are observed in
relation to basic oral treatment needs (Table 1).

Figure 2 illustrates the change in total excise tax revenue
generated from sugary productsand average sugar consumption
during the study period. It is worth noting that sugar
consumption remained relatively stable, although were no
longer subject to excise tax as of 2017, while the total excise tax
revenue generated from sugary products experienced a
significant percentage decrease.

Table 2 confirms these trends, by comparing the mean of
these variables before and after 2017. By using paired t-tests, we
have shown that, there was a statistically significant difference
in the average excise tax revenue generated from sugary
products, measured in EUR 1,000,000, between the periods
before and after 2017. This difference indicates a decrease over
time.

Discussion

This study aimed to explore the trend in basic oral treatment
needs and total operating cost of PDSs in relation to total excise
tax revenue generated from sugary products during 2011-2020.
Another aim was to evaluate the impact of tax policy (2017) in
excise tax revenue of sugary products and average sugar

in parentheses. * p < 0.1; ** p < 0.05 ***p < 0.01.

consumption. This study revealed a positive association
between the total excise tax revenue generated from sugary
products and the total operating cost of PDSs as well as basic
oral treatment needs. However, there were no effects of average
sugar consumption on both total operating cost of PDSs and
basic oral treatment needs. During 2011-2020, sugar consump-
tion remained relatively stable in Finland, although sweets and
ice cream were no longer subject to excise tax as of 2017, while
the total excise tax revenue generated from sugary products
experienced a significant percentage decrease. However, an
annual increase of 1.9% in the total operating cost of PDSs was
observed during the study period.

One of the limitations of this study is the reliability of the
registries-based clinical data. According to Finnish legislation,
public and private dental services are obliged to update their
patient records in the national registries [23], and good reliability
among dentists in public health care registering oral health data
was previously reported [24]. Another limitation would be
estimating average sugar consumption without considering the
population variance (such as age group). Therefore, a cautious
interpretation of the results from the current study is required.
However, the result of this study can be generalised in Finland as
all the variables were obtained from the national registries of
Finland.

In the present study, an association between total excise tax
revenue generated from sugary products and total operating
costof PDSwasfound.In Finland, local authorities (municipalities
until 2022 and well-being Service Counties from 2023) are
obliged to organise social and healthcare services to their
inhabitants [25] and public health care financing is provided by
state and municipal taxes, national health insurance
contribution, and out-of-pocket payments. It can be presumed
that the national revenues in Finland have increased during the
study period and in turn increased the spending in public health
careincluding dental care per se. A previous study also concluded
that the increase in tax revenue supports the government on
their health expenditure [26]. For example, the total government
revenue from production and imports in Finland has increased
from 5.3 billion euros in 2011 to 10.0 billion euros in 2020 [22]
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Figure 2. Percentage change of total excise tax revenue of sugary products (in million euros) and average sugar consumption (kg per capita) during the

study period.

and health expenditure per person has also doubled in the past
two decades (US$ 1,900 in 2000 and US$ 4,897 in 2020) [27].
Additionally, a significant positive trend in the total operating
costs of PDS was observed in the present study. As expected, to
mitigate the oral health care demand as per population growth
and need due to dental care reform in 2001-2002 may have
increased the operating cost in Finland. For instance, the number
of adults visiting the PDS in the year 2013 increased by 81.5%
compared to the year 2001 [28]. This was also supported by a
recent study [29].

The positive association between the total excise tax revenue
generated from sugary products and basic oral treatment needs
was revealed in the present study. In contrast, previous studies
have predicted reduction of dental caries by implementing a
20% sales tax on SSB [18-20]. One of the reasons for small
increment in proportion of basic oral treatment needs over the
time may be due to an increase in average sugar consumption,

despite being statistically significant. Another could be due to
increase in the number of adults age group visiting PDSs in
Finland [28, 29]. For example, health surveys showed an increase
in proportion of those requiring periodontal treatment,
especially among 30-44-year-olds [6]. However, another study
concluded that there was a decreasing trend in basic treatment
needs among adults [28]. To rule out the relationship between
excise tax revenue and oral treatment needs, further studies
that incorporate other health hazard products (such as tobacco)
must be conducted. Additionally, other adverse health effects
must also be studied.

Nevertheless, the long-term and excessive consumption of
SSB is associated with morbidity and mortality [30]. A recent
report also showed that dietary factors, including high SSB
consumption, were responsible for almost two-fifths of all deaths
in 2017 in Finland [31]. According to the Finnish law (2013), an
excise tax (13 cents/L) is also levied on natural mineral bottled

Table 2. Mean change of total excise tax revenue generated from sweets, ice cream, and sugar-sweetened beverages (in million euros) and average sugar

consumption (kg per capita) before and after 2017.

Variables Paired variables
Before After Difference t-test
2017 2017 [21-[1] It]
[1] [2] [3] (4]
Total excise tax revenue 216.16 173.50 —42.66 1.60%*
Average sugar consumption 29.45 29.95 -0.50 0.67

Source: Data drawn from [14, 22]
Note: ** p < 0.05



165 J. JOKIRINTA ET AL.

waters without free sugar and abolished from sweets [13].
Therefore, the adverse health effects of these products should be
investigated, and policy should be reviewed, if necessary. Another
measure would be introducing warning labels on sugar and SSB
to reduce the intake [32].

In conclusion, despite limitations, an increasing trend in total
operating cost of PDS was found in the present study that is in
line with government policies. Additionally, no change in
average sugarconsumption was observed despiteimplementing
the new sugar policy (2017). Therefore, it may be worthwhile to
reconsider the excise tax on sweets and ice cream as it will
significantly increase the total national revenues.These revenues
could be further invested in promoting oral and general health
in Finland.
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