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Abstract
Added sugar intake has been associated with several health issues, but few studies have examined its association with overall diet quality. We
aimed at examining the association between added sugar intake and overall diet quality in Finnish adults. Associations between added sugar
intake and sociodemographic factors, lifestyle factors, and BMI were also explored. Our data comprised 5094 adults residing in Finland who
participated in the National FinHealth 2017 Study. Dietary intake was assessed by a validated FFQ. Food consumption and nutrient intakes were
calculated using the Finnish national food composition database. Added sugar intakewas estimated based on food categorisation and identifying
naturally occurring sugar sources. Overall diet quality was assessed by the modified Baltic Sea Diet Score. The average added sugar intake
was 7·6 E % in women and 8·3 E % in men in this study population. Added sugar intake was inversely associated with education (P= 0·03
women; P= 0·001 men), physical activity (P< 0·0001), and BMI in men (P= 0·003), and directly with smoking (P= 0·002 women;
P< 0·0001 men). Added sugar intake was inversely associated with overall diet quality in both sexes (P< 0·0001). No interactions were found
except for men’s physical activity subgroups, the inverse association being stronger among active men than moderately active or inactive men
(Pfor interaction = 0·005). Our findings suggest that high added sugar intake is associated with several unhealthy dietary and lifestyle habits, includ-
ing poor-quality diets, smoking and leisure-time inactivity in Finnish adults. Efforts to improve diet quality should consider added sugar intake
equally in the whole population.
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The intake of added sugars has raised concerns around theworld
due to their suggested adverse health implications. High added
sugar intake has been associated with several emerging health
issues, including obesity(1,2), CVD(3), type 2 diabetes(1), certain
cancer types(4) and dental caries(5). Due to the increased con-
cerns, several national and international health authorities have
set recommendations for added sugar intake(6–10). In the Nordic
countries(6) and the USA(7), the current recommendation is
to limit added sugar intake to 10 % of the daily energy intake
(10 E %). The WHO applies the same recommendation for free
sugars(8). Added sugars are defined as all monosaccharides and
disaccharides used as such or added to foods by manufacturers,
cooks or consumers, including sugars in syrups and honey(11). In
addition to these, free sugars also include monosaccharides and
disaccharides in unsweetened fruit juices and fruit juice concen-
trates. In general, the main dietary sources for added sugars in
Western countries include table sugar, confectionery and
sugar-sweetened beverages(12).

The recommendations to limit added sugar intake are also
supported by studies associating high added sugar intake with
unhealthier dietary habits(13–16). High added sugar intake has
been associated with, for example, lower vegetable and fruit
consumption and higher consumption of discretionary foods.
Inverse associations have been found between the intakes of
added sugars and various micronutrients, as well as protein
and fat(13,15,17,18). However, the association between added
sugar intake and overall diet quality has hardly been examined.
In two American population-based studies(19,20), added sugar
intake was inversely associated with overall diet quality assessed
by the Healthy Eating Index, while in the Netherlands, no asso-
ciation was found when diet quality was assessed by the
Dutch Healthy Diet-Index(14). Some evidence on the association
between sugar-sweetened beverage consumption and lower-
quality diets has also occurred in previous studies(21).
Nevertheless, it is known that sugar-sweetened beverages are
not the primary source of added sugars in all population
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groups(12,22), and for this, we focused on added sugars from the
whole diet.

Added sugar intake has been examined varyingly regarding
population subgroups. In the reviews of mostly European
studies, added sugar intake was suggested to be higher among
women than men(12) and younger than older adults(23).
Regarding education, the found associations have predomi-
nantly been inverse(12,15,24–28). The associations with physical
activity(15,25,29) and smoking(15,25,28) have been examined in
few studies with conflicting results, while no studies exploring
added sugar intake and sleep were identified. Added sugar
intake’s associations with obesitymeasures have been examined
rather widely, but the results have been mixed(2,15,18,30–35). So
far, population subgroups have not been considered in the asso-
ciation between added sugar intake and overall diet quality.
Differences in the association may occur within a population,
as food consumption, diet quality and the dietary sources of
added sugars are known to vary between population subgroups.
Further research is required to elucidate whether there are
subgroups in which added sugar intake associates especially
strongly with diet quality.

As recommendations to limit added sugar intake in the pop-
ulation are becoming increasingly common and added sugar
intake is attracting attention also among the general public, it
is essential to broaden our knowledge of added sugar intake
from the perspectives of the whole diet and population sub-
groups. Our main objective was to examine the association
between added sugar intake and overall diet quality assessed
by the modified Baltic Sea Diet Score (mBSDS). We also
explored the association between added sugar intake and
sociodemographic factors, lifestyle factors, and BMI. Finally,
possible interactions between added sugar intake and socio-
demographic, lifestyle, and BMI population subgroups were
examined.

Methods

Study population

The FinHealth 2017 Study is a national health examination
study comprising a representative sample of individuals aged
18 years or older residing in Finland. A detailed description
of the study protocol has been published elsewhere(36). The
data were collected between January and May 2017 by (self-
administered) questionnaires and a health examination
including anthropometric measures and blood samples. The
participants received an invitation letter to a health examination
and a self-administered questionnaire via mail. Of the eligible
sample (n 10 247), 58 % participated in a health examination,
where the remaining questionnaires (e.g. the FFQ)were distrib-
uted. All questionnaires could also be completed electronically.
The participants who took part in a health examination and
completed the FFQ were included in the present study.
Exclusions were made due to incompletely filled FFQ
(n 110), duplicate answers (paper and electronic FFQ, n 9)
and consent withdrawal (n 7). Furthermore, 0·5 % of partici-
pants in both ends of the sex-specific daily energy intake dis-
tributions (n 51), as well as pregnant women (n 31), were

excluded. As a result, the final data comprised 5094 participants
(2844 women and 2250 men).

This study was conducted according to the guidelines laid
down in the Declaration of Helsinki, and all procedures involv-
ing human subjects were approved by the Coordinating Ethics
Committee at the Hospital District of Helsinki and Uusimaa
(Reference 37/13/03/00/2016). Written informed consent was
obtained from all subjects.

Dietary intake

Dietary intake data were gathered by a self-administered, vali-
dated, semi-quantitative 134-item FFQ covering habitual food con-
sumption over the past 12 months(36–39). Participants received the
FFQ in the health examination along with oral and written instruc-
tions for its completion(36). Thequestionnaire items included foods,
mixed dishes and beverages commonly used in Finland (based on
data from the FinDiet 2017 Survey)(22). The consumption of each
item was recorded by ten frequency categories ranging from none
to 6 or more times a day. Portion sizes were specified for each item
(e.g. glass, slice and volume) and fixed sex-specifically. The aver-
age daily food consumption (g/d) and intake of nutrients (g/d) and
energy (kJ/d) were calculated using in-house software and the
Finnish national food composition database (Fineli®)(40). In addi-
tion to basic foods, the database includes composite foods (home-
made foods, industrial food products and foods prepared by
catering services) with standard recipes. Foods in the database
were classified into basic ingredient groups.

Information on added sugars is not generally included in food
composition databases. For this, Kaartinen et al.(15) developed a
method to calculate added sugar (added sucrose and fructose)
intake based on the consumption of foods and beverages in
the Finnish national food composition database. In this study,
the method was developed further to include all monosaccha-
rides and disaccharides in the estimation, to better reflect the
added sugar definition given in the Nordic nutrition recommen-
dations(6). The general idea was to first determine the intake of
naturally occurring sugars, which was then subtracted from
total sugar intake, equalling added sugar intake. For this, food
consumption was assessed at the level of basic ingredient
groups. Furthermore, the food sources (and their content)
of naturally occurring sugars were identified. For example,
all sugars in fresh fruits and vegetables and 10 % of sugars
in jams were deemed naturally occurring. The estimation
process is depicted in detail in Fig. 1.

The modified Baltic Sea Diet Score

Overall diet quality was assessed by themBSDS, an a priori diet
score based on healthier food choices of ingredients typically
grown and culturally adapted in the Nordic countries(41,42).
Diverging from the original Baltic Sea Diet Score(42), total fat
intake was excluded from the mBSDS score components as
the fat ratio was considered a more important measure for a
healthy diet, based on new food recommendations(9,41). The
mBSDS includes eight score components (fruits and berries,
vegetables, cereals, low-fat milk, fish, red and processed meat,
fat ratio, and alcohol) (online Supplementary Table S1). The
component scoring, excluding alcohol, was established using
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sex-specific population consumption quartiles as cut-offs, and
points were assigned based on components’ perceived health
effects(42). The component points ranged from 0 to 3 according
to the consumption quartiles. Ascending points were assigned
to the intake quartiles of the healthy perceived components
(fruits and berries, vegetables, cereals, low-fat milk, fish, and
fat ratio) and descending points to the intake quartiles of the
unhealthy perceived component (red and processed meat).
The scoring of alcohol consumption was based on the Nordic
recommendation of moderate consumption level (women ≤10
g/d and men ≤20 g/d)(6), one point being assigned if the con-
sumption was within the recommended level. The total score
ranged between 0 and 22 points, higher points indicating a diet
more aligned with the Baltic Sea Diet.

Anthropometric measures, sociodemographic factors and
lifestyle factors

Anthropometric measures (height (cm), weight (kg) andwaist cir-
cumference (cm)) weremeasured during the health examinations

according to standardprotocols by trained research staff(43,44). BMI
(kg/m2) was calculated as weight (kg) divided by squared height
(m). The data on age and sex originated from the sampling frame.
The data on other sociodemographic and lifestyle factors, includ-
ing education, smoking, physical activity and sleep duration, were
gathered by self-administered questionnaires. The increase in
average school years and the extension of the basic education sys-
tem were considered in classifying participants into three educa-
tional levels (low, middle and high) according to the birth cohort.
Participants’ smoking status was assessed by questions on smok-
ing history, and current smoking habits were categorised accord-
ing to a four-level scale (a current smoker, quit <6 months ago,
quit ≥6 months ago and a never smoker). In the present study,
the smoking categories ‘quit <6 months ago’ and ‘quit ≥6
months ago’were combined to create a new group of ‘a former
smoker’. The average leisure-time physical activity over the
previous 12 months was assessed by four categories: inactive
(light activities such as reading and watching television); mod-
erately active (walking, gardening or other activities ≥4 h/week);
active (running, swimming or other physically demanding

SUBTRACTION

DISAGGREGATION

Fig. 1. A flow chart of the method to calculate added sugar intake. aLactose and galactose are presumed to be always naturally occurring. bSucrose is presumed to be
the main sweetener in dairy products, and thus, glucose is presumed to originate from lactose degrading to glucose and galactose.
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activities ≥3 h/week) or very active (competition or other heavy
sports several times/week). The categories ‘active’ and ‘very
active’ were combined for the present study as only a few partic-
ipants were classified as ‘very active’. Sleep durationwas assessed
as self-estimated average sleep time at night (hours and minutes).

Statistical analyses

We conducted an exploratory analysis based on a nationally rep-
resentative, population-based health examination study with a
large sample size. For this, statistical power was not calculated.
All analyses were performed by IBM SPSS Statistics (version 27;
IBM Corp.). A two-sided value of P< 0·05 was considered
statistically significant. Nutrient intakes were log (natural)-trans-
formed when needed to meet the assumption of normal distribu-
tion. All analyses were conducted separately forwomen andmen,
as food consumption generally differs between sexes and
added sugar intake was significantly associated with sex in
our sample(22,36). Added sugar intake was adjusted for total
energy intake by residual method(45) and divided into quintiles
by sex-specific cut-offs. The mBSDS, sociodemographic fac-
tors, lifestyle factors and BMI were examined by added sugar
intake quintiles. The Pfor trend across added sugar intake quin-
tiles were established by linear regression analysis for continu-
ous variables, χ2 test for binary background variables and
logistic regression for binary variables when confounding fac-
tors were included in the model. In the trend analyses, partic-
ipants were allocated the quintile median values corresponding
to their added sugar intake category, which were then applied
as independent continuous variables. In addition to the crude
trend analyses (unadjusted), one model was applied to adjust
for confounding factors, including age, education, smoking sta-
tus, physical activity, BMI and energy intake (fully adjusted).
Confounding factors were chosen based on literature regarding
associations with added sugar intake or diet quality(12,15,42). The
applied factors are generally used in nutrition epidemiology
research. Sensitivity analysis was performed for added sugar
intake’s association with overall diet quality by repeating the
fully adjusted trend analysis after excluding energy under-
reporters. Energy misreporting was considered by calculating
the ratio between reported energy intake and predicted BMR(46).
Energy under-reporters were identified by the cut-off value of
1·14 (EI:BMR≤ 1·14)(47). Pfor interaction in added sugar intake’s
associationwith overall diet quality across population subgroups
(according to age, educational level, smoking status, leisure-time
physical activity, sleep duration and BMI) were calculated by lin-
ear regression analysis, including an interaction term (a categori-
cal subgroup variable multiplied with energy-adjusted added
sugar intake) as an additional confounding variable.

Results

Participant characteristics

A larger proportion of the participants were women (56 %)
than men (44 %). The average mBSDS points were 11·4 in both
sexes and the points ranged between 1 and 22 (Table 1).
Carbohydrates covered approximately 40 % of the daily energy
intake. Total sugar intake and the intake of naturally occurring

sugars were slightly higher in women than men. However,
added sugar intake was higher among men (46·4 g/d; 8·3 E %)
compared with women (44 g/d; 7·6 E %).

Association between added sugar intake and
sociodemographic factors, lifestyle factors and BMI

Added sugar intake was inversely associated with education
(P= 0·03 in women; P= 0·001 in men, fully adjusted) and physi-
cal activity (P< 0·0001) in both sexes and models (Table 2). The
proportion of low educated participants increased by 39−48 %
from the lowest to the highest added sugar intake quintile.
The corresponding increase in the proportion of physically inac-
tive participants was 61−70 %. An inverse association was also
found with BMI in men in the fully adjusted model
(P= 0·003). Yet, the decrease in BMI from the lowest (28 kg/
m2) to the highest (27·3 kg/m2) added sugar intake quintile
was very small. No association was found in women.
Furthermore, added sugar intake was inversely associated with

Table 1. Participant characteristics and nutrient intakes
(Mean values or percentages)

Women
(n 2844)

Men
(n 2250)

Total
(n 5094)

Mean/% Mean/% Mean/%

Characteristics
Age (years) 56 56 56
Participants with low

education* (%)
32 32 32

Current smokers (%) 13 17 14
Physically inactive

participants† (%)
26 22 25

Sleep duration‡ (h) 7·4 7·4 7·4
BMI (kg/m2) 27·3 27·6 27·4
Waist circumference (cm) 89·4 99·2 93·7
Energy under-reporters§ (%) 36 41 38

Nutrient intake
mBSDS‖ 11·4 11·4 11·4
Energy (MJ/d) 7·9 9·7 8·7
Carbohydrate (E %) 40·9 39·8 40·4
Total sugar (E %) 19·1 17·9 18·6
Added sugar¶ (g/d) 44·0 46·4 45·1
Added sugar (E %) 7·6 8·3 7·9
Naturally occurring

sugar** (E %)
6·1 4·1 5·2

Dietary fibre (g/MJ) 2·2 1·9 2·1
Protein (E %) 18·8 18·9 18·9
Fat (E %) 36·5 36·1 36·4

mBSDS, the modified Baltic Sea Diet Score; E %, percentage energy
* Self-reported total school years. The increase in average school years and the exten-
sion of the basic education system were considered in classifying participants into
education levels according to birth cohort.

† Self-reported leisure-time physical activity: inactive (e.g. reading and watching tele-
vision), moderately active (e.g. walking and gardening ≥4 h/week) and active (e.g.
running and swimming ≥3 h/week).

‡ Self-reported average sleep duration at night.
§ Energy under-reporters were determined by the Goldberg cut-off value of ≤1·14 for
the ratio between energy intake and predicted BMR(46,47).

‖ The mBSDS ranged between 0 and 22(41).
¶ Added sugars are defined as all monosaccharides and disaccharides used as such
or added to foods by manufacturers, cooks or consumers, including sugars naturally
present in honey and syrups.

** Naturally occurring sugars are defined as all monosaccharides and disaccharides in
fruits, berries, vegetables, legumes, unsweetened fruit juices and unsweetened
milk.
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sleep duration in women in the unadjusted model (P= 0·03).
The association attenuated when the fully adjusted model was
applied (P= 0·07). Added sugar intake was positively associated
with smoking in both sexes and models (P= 0·002 women;
P< 0·0001men, fully adjusted). The proportion of current smok-
ers doubled in women and almost tripled inmen from the lowest
to the highest quintile of added sugar intake.

Association between added sugar intake and overall diet
quality

A highly significant inverse association was found between
added sugar intake and overall diet quality in both sexes and
models (P< 0·0001) (Table 3). The mean mBSDS points
decreased from 13·2 to 9·2 in women and from 12·6 to 9·5 in
men from the lowest to the highest added sugar intake quintile.
Of the score components, inverse associations were found with
fat ratio (P< 0·0001) and the consumption of fruits and berries,
vegetables, cereals, low-fat milk, and fish (P< 0·05) in both
sexes and models. The participants in the lowest added sugar
intake quintile consumed, for example, almost double the
amount of vegetables compared with those in the highest added
sugar intake quintile. Fish consumption decreased by 35% from
the lowest to the highest added sugar intake quintile. In men, an
inverse association was also found between added sugar intake
and red and processed meat consumption (P= 0·03 unadjusted;
P= 0·01 fully adjusted). Participants in the lowest added sugar
intake quintile consumed on average 20 g/d more red and

processed meats compared with those in the highest added sugar
intake quintile. Added sugar intake was positively associated with
alcohol consumption in both sexes and models (P< 0·01). The
inverse association between added sugar intake and overall diet
quality remained in the sensitivity analysis when energy under-
reporters were excluded (P< 0·0001, data not shown).

Association between added sugar intake and overall diet
quality in sociodemographic, lifestyle and obesity subgroups

Regarding the association between added sugar intake and over-
all diet quality, no interactions were found in population sub-
groups except for the subgroups of men’s physical activity
(Pfor interaction= 0·005, fully adjusted, online Supplementary
Table S2). Among active men, the inverse association between
added sugar intake and overall diet quality appeared stronger
(mBSDS points in added sugar intake quintiles: Q1, 13·6; Q3,
12·2; Q5, 9·6) compared with moderately active (Q1, 12·8; Q3,
11·8; Q5, 10·4) and inactive (Q1, 10·3; Q3, 10·1; Q5, 8·2) men.

Discussion

In this population-based cross-sectional analysis of 5094 Finnish
adults, added sugar intake was inversely associated with educa-
tion, physical activity and BMI (in men), while the association
with smoking was positive. Higher added sugar intake was asso-
ciated with lower overall diet quality, which was consistently
seen in all examined population subgroups. In active men,

Table 2. Sociodemographic factors, lifestyle factors and BMI across added sugar intake quintiles
(Mean values and 95% confidence intervals or percentages)

Added sugar intake quintiles*

P‡,§ P‡,‖

Q1 (n 568/450)† Q3 (n 568/450) Q5 (n 569/450)

Mean/%¶ 95% CI Mean/% 95% CI Mean/% 95% CI

Age (years)
Women 57·4 56·1, 58·7 56·6 55·2, 58·0 55·9 54·5, 57·4 0·21 0·07
Men 55·6 54·1, 57·1 56·5 55·1, 58·0 55·3 53·9, 56·8 0·99 0·62

Low educated participants
Women 27·2 23·7, 31·0 29·4 25·8, 33·3 37·8 33·8, 41·9 0·006 0·03
Men 27·2 23·2, 31·5 25·6 21·7, 29·8 40·2 35·7, 44·8 <0·0001 0·001

Current smokers
Women 9·3 7·1, 11·9 11·4 9·0, 14·3 18·1 15·1, 21·5 <0·0001 0·002
Men 9·9 7·4, 12·9 14·4 11·4, 17·9 26·9 22·9, 31·2 <0·0001 <0·0001

Physically inactive participants
Women 22·2 18·9, 25·8 25·9 22·4, 29·6 37·7 33·7, 41·7 <0·0001 <0·0001
Men 19·3 15·9, 23·2 17·5 14·2, 21·3 31·0 26·8, 35·4 <0·0001 <0·0001

Sleep duration** (h/night)
Women 7·5 7·4, 7·6 7·4 7·4, 7·5 7·3 7·2, 7·4 0·03 0·07
Men 7·3 7·2, 7·4 7·3 7·3, 7·4 7·4 7·3, 7·5 0·19 0·14

BMI (kg/m2)
Women 27·3 26·9, 27·8 27·2 26·7, 27·6 27·2 26·8, 27·7 0·38 0·12
Men 28·0 27·5, 28·4 27·6 27·2, 28·0 27·3 26·9, 27·7 0·10 0·003

* Quintile medians andminimum andmaximum values (g/d) are in womenQ1:23·2 (6·4–28·7), Q2:32·4 (28·7–36·3), Q3:40·4 (36·3–44·9), Q4:50·0 (44·9–56·6), Q5:68·3 (56·7–371·0),
and in men Q1:24·5 (2·9–29·9), Q2:34·3 (29·9–38·6), Q3:42·8 (38·6–47·5), Q4:52·7 (47·5–60·5) and Q5:72·2 (60·5–206·5).

† Number of participants = (women/men).
‡ Pfor trend across added sugar intake quintiles were tested with linear regression for continuous variables and with χ2 (unadjusted) or logistic regression (fully adjusted) for binary
variables by using added sugar intake quintile medians as continuous independent variables.

§ Crude model without adjustments.
‖ Adjusted for age (continuous), education (low, middle and high), smoking (a current smoker, a former smoker and a never smoker), physical activity (inactive, moderately active and
active), BMI (continuous) and energy intake (continuous). The corresponding variable was excluded from adjustment when examining it as a dependent variable.

¶ Crude model was applied to calculate means/% and 95% CI.
** Self-reported average sleep duration at night.
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increasing added sugar intake was associated with a stronger
decrease in overall diet quality comparedwithmoderately active
and inactive men. This is the first study to examine added sugar
intake in relation to overall diet quality assessed by the mBSDS
and in a Nordic population.

Our findings on added sugar intake’s associations with edu-
cation and lifestyle factors were in line with previous studies.
Most earlier studies examining added sugar intake and education
have reported inverse associations(12,24,25,27,28), although differ-
ing results have also occurred(12,15,27). Regarding smoking, stud-
ies in the Portuguese (n 3852)(25) and American (n 24 967) adult
populations(28) have suggested a positive association. Likewise,
in Portugal (n 5811, aged 3–84 years)(25) and the USA (n 4766,
18–69 years)(29), inverse associations were found between
added sugar intake and physical activity. However, in a prior
study of the Finnish adult population (n 4842, 25–74 years),
added sugar intake was not associated with education or physi-
cal activity, and the association with smoking was inverse (men)
or non-significant (women)(15). These discrepancies between
our results and the earlier findings in the Finnish population
could arise from the significant decrease in population carbohy-
drate intakes between the studies (2007 v. 2017)(48), as the intake
may have altered differently within population subgroups. Aswe

applied an updated version of the same FFQ used in the earlier
study, it is unlikely that diverging added sugar intake estimation
methods would have affected participant ranking based on
added sugar intakes and thus the results. Overall, more research
is needed to ascertain our findings, especially regarding smoking
and physical activity. We also found a borderline inverse asso-
ciation between women’s added sugar intake and sleep dura-
tion. As this association has not been investigated earlier,
further research is warranted.

Added sugar intake has been inversely associatedwith BMI in
Finland (n 4842)(15) and the UK (n 1734)(32) when self-reported
dietary intake data have been applied. In our study, inverse asso-
ciation with BMI was only found in men, consistent with previous
findings in the Finnish population(15). In general, selective under-
reporting is a particular challenge in examining added sugar
intake(49), and its possible distorting effects cannot necessarily be
eliminated by considering energy under-reporting. A better under-
standing of selective under-reporting could be reached by utilising
biomarkers for added sugars, which have been under intensive
investigation for past years(50,51). However, using a biomarker
was not, unfortunately, possible in this population-based study.

Conforming our results, two American population-based
studies (n 31 147, ≥20 years; n 15 011, ≥2 years) have reported

Table 3. The modified Baltic Sea Diet Score (mBSDS) points and score components across added sugar intake quintiles
(Mean values and 95% confidence intervals)

Added sugar intake quintiles*

P‡,§ P‡,‖

Q1 (n 568/450)† Q3 (n 568/450) Q5 (n 569/450)

Mean¶ 95% CI Mean 95% CI Mean 95% CI

Women
Energy (MJ/d) 7·95 7·72, 8·17 7·77 7·57, 7·97 7·66 7·45, 7·87 0·20 0·95
mBSDS** 13·2 12·9, 13·5 11·3 11·0, 11·6 9·2 8·9, 9·5 <0·0001 <0·0001

Components
Fruits and berries (g/d) 121 113, 129 96 89, 103 73 68, 79 <0·0001 <0·0001
Vegetables (g/d) 400 380, 420 286 273, 300 214 203, 225 <0·0001 <0·0001
Cereals (g/d) 65 62, 69 55 52, 58 44 41, 47 <0·0001 <0·0001
Low-fat milk (g/d) 254 231, 277 230 211, 248 190 173, 206 0·008 0·001
Fish (g/d) 41 37, 44 34 31, 36 27 24, 29 <0·0001 <0·0001
Red and processed meat (g/d) 86 81, 91 83 79, 88 78 75, 82 0·37 0·25
Fat ratio 0·56 0·55, 0·58 0·47 0·45, 0·48 0·42 0·41, 0·43 <0·0001 <0·0001
Alcohol (g/d) 3·0 2·6, 3·4 3·8 3·4, 4·2 4·9 4·1, 5·7 0·006 0·008

Men
Energy (MJ/d) 9·62 9·31, 9·93 9·77 9·48, 10·06 9·48 9·17, 9·80 0·35 0·66
mBSDS 12·6 12·2, 13·0 11·7 11·4, 12·0 9·5 9·2, 9·9 <0·0001 <0·0001

Components
Fruits and berries (g/d) 89 81, 97 83 76, 91 55 49, 61 <0·0001 <0·0001
Vegetables (g/d) 312 293, 331 255 241, 269 184 173, 196 <0·0001 <0·0001
Cereals (g/d) 71 66, 76 66 62, 70 53 49, 56 <0·0001 <0·0001
Low-fat milk (g/d) 362 330, 393 306 280, 333 248 224, 273 <0·0001 <0·0001
Fish (g/d) 52 47, 56 40 37, 43 33 30, 37 <0·0001 <0·0001
Red and processed meat (g/d) 144 135, 154 141 133, 149 124 117, 130 0·03 0·01
Fat ratio 0·48 0·47, 0·50 0·44 0·43, 0·45 0·41 0·40, 0·42 <0·0001 <0·0001
Alcohol (g/d) 6·3 5·3, 7·4 10·3 9·2, 11·4 17·3 14·8, 19·7 <0·0001 <0·0001

* Quintilemedians andminimumandmaximumvalues (g/d) are inwomenQ1:23 2 (6 4–28 7), Q2:32 4 (28 7–36 3), Q3:40 4 (36 3–44 9), Q4:50 0 (44 9–56 6), Q5:68 3 (56 7–371 0), and
in men Q1:24 5 (2 9–29 9), Q2:34 3 (29 9–38 6), Q3:42 8 (38 6–47 5), Q4:52 7 (47 5–60 5) and Q5:72 2 (60 5–206 5).

† Number of participants = (women/men).
‡ Pfor trend across added sugar intake quintiles were tested with linear regression by using added sugar intake quintile medians as continuous independent variables.
§ Crude model without adjustments.
‖ Adjusted for age (continuous), education (low, middle and high), smoking (a current smoker, a former smoker and a never smoker), physical activity (inactive, moderately active and
active), BMI (continuous) and energy intake (continuous). When energy intake was used as a dependent variable, it was excluded from confounding variables used for adjusting.

¶ Crude model was applied to calculate means and 95% CI.
** Range of mBSDS points in added sugar intake quintiles are in women Q1:3–22, Q2:2–22, Q3:1–22, Q4:2–21, Q5:1–18, and in men Q1:2–22, Q2:2–22, Q3:3–21, Q4:1–20 and

Q5:2–21.
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inverse associations between added sugar intake and overall diet
quality assessed by the Healthy Eating Index(19,20). In a Dutch
study (n 2104, 19–69 years), overall diet quality assessed by
the Dutch Healthy Diet-Index was not found to differ between
participants adherent and non-adherent to different added and
free sugar guidelines (e.g. Nordic, Dutch and the WHO’s recom-
mendations)(14). Yet, inverse associations aligned with our
results were reported regarding, for example, vegetable con-
sumption. In these three studies, dietary intake was, however,
assessed by 24-h dietary recalls, complicating the comparison
with our results as we applied the FFQ. The FFQ was applied
because our main objective was to examine the overall phe-
nomenon of added sugar intake in relation to diet quality instead
of estimating added sugar intake in the population. Furthermore,
the FFQ is the primary method in nutrition epidemiology
research. In general, the evidence of added sugar intake’s asso-
ciation with overall diet quality is currently scarce, and more
research, especially longitudinal studies, is needed. Studies in
different populations and with other frequently used dietary
indices, such as the Mediterranean Diet Score, would add to
our knowledge of the culture-related dimensions of the
association.

In our study, added sugar intake was inversely associated
with the consumption of the healthy perceived mBSDS compo-
nents, regardless of energy intake, which might suggest that
foods high in added sugars would displace healthier, more
nutrient-rich foods in the diet. Likewise, several studies have
reported inverse associations between added sugar intake and
the consumption of fruits, vegetables, cereals and fish(13,15,16).
We also found an inverse association between added sugar
intake and red and processed meat consumption in men.
Similar findings have earlier occurred at least in one American(20)

and one Finnish(15) study. In the same Finnish data, an inverse
association was also found between red and processed meat
consumption and the consumption of sweets(52). These findings
indicate that high added sugar intake would not generally occur
alongside high meat consumption. In our study, added sugar
intake was not associated with red and processed meat con-
sumption in women, although the consumption seemed to
decrease across increasing added sugar intake. The significant
association inmen likely arises from the higher consumption lev-
els and wider consumption range (0−1023 g/d) compared with
women (0−788 g/d).

The inverse association between added sugar intake and
overall diet quality was consistently found in all examined socio-
demographic, lifestyle and BMI subgroups. Nevertheless, one
significant interaction was found in the population subgroups,
as the inverse association between added sugar intake and over-
all diet quality was stronger in active men compared with mod-
erately active and inactive men. This suggests that the relatively
small group of active men with high added sugar intake would
differ from other men regarding their dietary habits. Contrary to
other activity groups, active men tended to have lower energy
intake in the highest added sugar intake quintile compared with
the lowest quintile (data not shown). Thus, active men could
have compensated for the high added sugar intake with a lower
intake of other foods, including foods perceived healthy in the
mBSDS. Despite this, active men tended to have higher

mBSDS points, especially in comparison with inactive men, sug-
gesting higher overall diet quality. The distribution of BMI did
not differ among active men across added sugar intake quintiles
but was in general lower comparedwith the othermen. In all, the
interaction did not seem to arise from active men with high
added sugar intake having an overall unhealthier lifestyle. In line
with our finding, a previous American population-based study
(n 4766)(29) has shown an association between high added sugar
intake and high physical activity. As this was the first study to
examine the association between added sugar intake and overall
diet quality in population subgroups, further studies are needed
to determine whether differences within population subgroups
exist in Finland or in other populations.

Comparing findings in different studies regarding added
sugar intake is challenging due to the lack of uniformity in added
sugar definitions, dietary assessment methods and methods to
estimate added sugars in the diet.We utilised the FFQ to estimate
dietary intake, while most studies examining added sugar intake
have used other dietary assessment methods, such as the 24-h
dietary recall. The methods to estimate added sugar intake vary
considerably between studies, and their accuracy and compa-
rability have not been investigated. We applied a newly devel-
oped method, although similar approaches have been
previously utilised in Finland(15) and Sweden(24). Due to these
circumstances, the comparisons between intake levels from dif-
ferent studies applying different methods should be interpreted
cautiously.

Our study has several strengths. We applied a large, pop-
ulation-based sample of the Finnish adult population.
Dietary data were gathered by a validated FFQ, which has
been found to measure carbohydrate fractions acceptably in
our study population(37). Overall diet quality was assessed
by the mBSDS, indicating a healthy Nordic diet(42). We esti-
mated added sugar intake with a newly developed method
that included all monosaccharides and disaccharides, ena-
bling a more comprehensive added sugar intake assessment
than has been done in Finland before. All analyses were
adjusted for several confounders.

This study is also subject to limitations. As in health studies
commonly, the population distribution of the participants dif-
fered from that of the general population, diminishing the result
generalisability(53). However, the participation ratewas relatively
good (58 %) in international comparison, reinforcing the repre-
sentativeness. Furthermore, as our main objective was not to
examine added sugar intake in the population but an overall
phenomenon, the study sample was considered appropriate.
Applying self-reported dietary intake data exposed the method
to misreporting. Yet, excluding energy under-reporters did not
affect the inverse association between added sugar intake and
overall diet quality. Other weaknesses of the FFQ, such as recall
bias, may also have distorted the results. However, the FFQ has
been shown to be well equipped for epidemiological
research(54), and the applied FFQ has been repeatedly validated
in the Finnish adult population(37,39). Despite adjusting the analy-
ses for several confounders, residual confoundingmay remain as
dietary intake associates with numerous unmeasured factors.
The limitations of our method to estimate added sugar intake
are linked to the inaccurate or lacking disaggregation of certain
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foods during the calculation processes. Due to this, naturally
occurring sugars may be incorrectly classified as added sugars
or vice versa, distorting the intake estimation. Nonetheless, this
concerns mainly marginal food items, such as muesli bars, there-
fore unlikely affecting the results. The estimation accuracy also
leans on the food composition database’s up-to-dateness in
terms of monosaccharide and disaccharide composition of foods
and food recipes. This can be distorted, for example, by the con-
stantly expanding supply of industrial food products. Finally, our
statistical analyses included multiple comparisons, which could
have exposed our results to type 1 error. However, our main
results were highly significant, and thus, it is unlikely that they
would have resulted from incorrect statistical inference.

In conclusion, our findings suggest that high added sugar
intake is associated with several unhealthy dietary and lifestyle
habits, including poor-quality diets, smoking and leisure-time
inactivity, in Finnish adults. Efforts to improve diet quality should
consider added sugar intake equally in the whole population.
The findings of this study can provide important background
information for stakeholders in establishing new incentives to
reduce added sugar intake or maintain a satisfactory intake level
in the Finnish adult population.
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