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Abstract
Advancing age increases the risk for diseases and health concerns like cognitive decline, constituting a major public health challenge. Lifestyle,
especially healthy diet, affects many risk factors related to chronic diseases, and thus lifestyle interventions among older adults may be
beneficial in promoting successful ageing. We completed a randomised 2-year multi-domain lifestyle intervention trial aiming at prevention of
cognitive decline among 631 participants in the intervention and 629 in the control group, aged 60–77 years at baseline. Dietary counselling
was one of the intervention domains together with strength exercise, cognitive training and management of CVD risk factors. The aim of this
paper was to describe success of the intervention – that is, how an intervention based on national dietary recommendations affected dietary
habits as a part of multi-intervention. Composite dietary intervention adherence score comprising nine distinct goals (range 0–9 points from
none to achieving all goals) was 5·0 at baseline, and increased in the intervention group after the 1st (P< 0·001) and 2nd (P= 0·005) year.
The difference in change compared with the control group was significant at both years (P< 0·001 and P= 0·018). Intake of several vitamins
and minerals decreased in the control group but remained unchanged or increased in the intervention group during the 2 years. Well-targeted
dietary counselling may prevent age-related decline in diet quality and help in preventing cognitive decline.
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Optimal nutrition is essential for healthy ageing as advancing age
increases the risk for chronic diseases and other health concerns.
Healthy diet offers one of the most effective ways to decrease the
burden of many chronic diseases and associated risk factors.
Ageing adults are recognised as one of the key groups to focus
with nutritional approaches that support survival(1). Ageing is a
multi-factorial process and the definition of successful ageing
remains a matter of debate, but several markers of successful
ageing have been identified, including not only physical
functioning but also cognitive functioning, mental health and other
psychosocial markers(2). Ageing trajectories are likely to be plastic
and may respond to dietary and other lifestyle interventions(3).
Dietary patterns have been associated with several aspects of
successful ageing; cognition among them and dietary interventions
may be a tool to support healthy ageing, although more
longitudinal studies are needed(4). Ageing populations are
heterogeneous and require tailored interventions to ensure that
different nutritional challenges are met(5).
In the Finnish Geriatric Intervention Study to Prevent Cognitive

Impairment and Disability (FINGER), we have completed a
successful 2-year multi-domain lifestyle intervention aiming at
prevention of cognitive decline(6), with dietary counselling as
one of the intervention domains. Intervention goals were based
on Finnish dietary recommendations(7). At the time of the study
initiation, despite several promising hypotheses, there was
insufficient evidence to support specific cognition-enhancing
dietary recommendations(8). National guidelines were considered
to cover all the dietary factors related to cognitive function, and to
be suitable for people with chronic conditions. Furthermore, they
have beneficial effects beyond cognition – for example, on
cardiovascular risk factors. This approach is in accordance with
the literature up to date, whereas more data are now available on
cognition and specific foods and nutrients(9) and dietary patterns,
such as the Mediterranean Diet (MeDi)(10). Special emphasis in

counselling was on the quality of fat, quality of carbohydrate,
whole-grain intake, fish intake and fruit and vegetable intake,
which were considered the factors with strongest evidence
regarding brain health.

The aim of this paper was to demonstrate the overall dietary
changes among older adults during an intervention following
general recommendations and targeting several dietary factors
simultaneously. Primary outcome is a composite score assessing
adherence to main dietary goals of the intervention, and we
further study how the dietary guidance affected intakes of both
micro and macronutrients and food consumption.

Methods

Study design and participants

The FINGER study participants derive from a pool of population-
based samples from earlier national health surveys in six centres in
Finland (Helsinki, Vantaa, Kuopio, Oulu, Seinäjoki and Turku).
Participants were invited based on their age (60–77 years old in
the beginning of the study) and elevated risk for dementia iden-
tified with a dementia risk score(11) and their cognitive function
at the mean level or slightly lower than expected for age. The
sample was described in detail previously(12). Participants were
randomised to multi-domain lifestyle intervention or control (1:1).

Components of multi-intervention

Before randomisation all participants received an oral mini-
intervention given by the study nurse covering general recom-
mendations of all intervention components. After randomisation,
the intervention group was offered dietary counselling, physical
exercise programme, cognitive training and management of
metabolic and vascular risk factors. Timing and construction of

Individual
sessions 1–3

Dietary
intervention
sessions

Group
sessions 1–6

Group
session 7

Group
session 8
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Physical activity
1–3 ×/week muscle strength
1–6 ×/week aerobic training (increasing intensity)

Cognitive training

11 group sessions
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Management of metabolic and cardiovascular risk factors
6 nurse visits, 4 physician visits

Other
components
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multi-
intervention

Fig. 1. Timing of dietary intervention and other components of multi-intervention. Group sessions 7 and 8 not available in all study centres.
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the multi-domain intervention is presented in Fig. 1. The other
interventions are described more in detail previously(12).
The control group received regular health advice, which

included meeting the study nurse regularly for health assessment
and being informed about their risk factors measured during
study visits (anthropometric measures, laboratory measures).
Group allocation was not actively communicated to participants,
and opportunities for between-group interactions were restricted
as much as possible.
This study was conducted according to the guidelines laid

down in the Declaration of Helsinki, and all procedures involving
human subjects were approved by the Coordinating Ethics
Committee of the Hospital District of Helsinki and Uusimaa.
Written informed consent was obtained from all subjects. This
trial is registered with ClinicalTrials.gov (no. NCT01041989).

Outcomes

Diet quality described as nutrient intakes and food consumption
was a pre-specified secondary outcome of the FINGER trial.

Diet

Dietary data were obtained from a 3-d food record completed
close to annual visits. The record consisted of 3 pre-defined
consecutive days (i.e. participants were not allowed to choose
the recorded days themselves), 2 weekdays and 1 weekend day
(Thursday to Saturday or Sunday to Tuesday). Participants were
given written instructions to record all foods and beverages they
had consumed, including the type, brand and preparation
method, with household measures. They were asked to report
all vitamin and mineral supplements. Trained study nurses
checked the food records and missing data were added after
discussion, when needed. Dietary data were recorded by
trained nutritionists and analysed using a software program
developed at the National Institute for Health and Welfare and
the Finnish food composition database Fineli(13) (http:// www.
fineli.fi). The program allows modification of standard recipes,
and personal recipes were used whenever available (e.g. the
type of fat used in cooking). Foods and beverages were cate-
gorised and summarised into main categories. Food consump-
tion was computed as ingredient consumption – for example,
vegetables and fats used in cooking are included in the

‘vegetables’ and ‘oil’ or ‘butter’ groups. Ingredient classes
usually cooked with water, such as cereals, are calculated as the
actual amount of cereal – for example, flour in bread or grains
in porridge. For nutrient intake, only nutrient intakes from food
were included except for vitamin D. In Finland, vitamin D
supplements are recommended for all people and supple-
mental intake represents a remarkable proportion of total
intake, and thus intake from both foods and supplements is
provided. Other supplements are generally not recommended
and their use was not subject to the intervention. Therefore,
supplemental nutrient intakes are not taken into account in
these analyses. Foods and nutrients were analysed as daily
average intake calculated as mean of the 3 d. We included also
records with only 1 or 2 recorded days in the analyses.

Dietary adherence score

We formulated a composite score to reflect overall adherence
to the intervention goals and hence to the national dietary
recommendations. The goals chosen to the composite score
reflected quality of macronutrients and food choices considered
most important for cognition. These were proportion of energy
from SFA plus trans-fatty acids (referred to as SFA goal,
although covering also trans-fatty acids), PUFA, sucrose, protein
and alcohol, intake of dietary fibre, and consumption of vege-
tables, fruit and fish (Table 1). Energy-adjusted recommenda-
tion for dietary fibre (3 g/MJ of energy) was utilised in the score
to diminish the influence of total energy intake. Because of
methodological issues, some original goals were modified – for
example, salt intake goal was excluded from the score, and
surrogate measures were used for whole grain (fibre) and
added sugar (total sucrose) (see ‘Discussion’ section for details).
Participant was assigned 1 point for each goal when achieving
the pre-defined level of intake, and 0 otherwise (range 0–9).

Covariates

Details of study visits have been described previously(12). In brief,
annual study visit comprised measurements of height (without
shoes), weight (in light indoor clothing), waist (midway between
the lowest rib and iliac crest) and hip (at the point yielding the
maximum circumference over the buttocks) circumference in a
standing position, and systolic and diastolic blood pressure (two

Table 1. Construction of intervention adherence score with food-level goals

Components Criteria for 1 point Food-level goal to assess

SFA and trans-fatty acids <10E% Choosing low-fat options in milk and meat products,
using vegetable margarine and rapeseed oil instead of butter

PUFA 5–10E% Using vegetable margarine and rapeseed oil instead of butter,
eating fish at least two times per week

Fibre >3 g/MJ Consumption of whole-grain cereal products instead of refined ones
Sucrose <10E% Limiting of sucrose intake
Protein 10–20E% Ensuring adequate protein intake
Alcohol <5E% Limiting alcohol intake
Fish and shellfish Any consumption during 3 d Fish consumption at least two portions per week
Vegetables >200g/d* Sufficient consumption of vegetables
Fruit and berries >200g/d* Sufficient consumption of fruit and berries

E%, proportion of total energy intake.
* 400 g/d mentioned in the recommendations divided into separate vegetable and fruit groups.
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measurements using a validated automatic device (Microlife
WatchBP Office) in a sitting position, using the right arm, after
10min of rest). The mean value of two blood pressure measure-
ments was calculated. A fasting venous blood sample was taken
from all participants to determine several risk factors, including
cholesterol and glucose. Anthropometric measurements and blood
samples were collected by trained study nurses. Participants also
reported their background information and general health
information with several questionnaires, including questions about
education and marital status.

Dietary intervention

Goals of the dietary intervention

Goals of the intervention were based on the Finnish nutrition
recommendations(7), which were translated into food consump-
tion goals comprising sufficient consumption of fruit and
vegetables (above 400g/d), consumption of whole-grain cereal
products instead of refined ones, choosing low-fat options in milk
and meat products, limiting of sucrose intake to <50g/d, using
vegetable margarine and rapeseed oil instead of butter or butter-oil
mixtures, and fish consumption of at least two portions per week.
Food-level goals were the ones communicated to the participants,
not the nutrient intake goals, which are regarded as population
level goals.
Need for weight loss was always considered individually after

taking into account BMI, health status, age and diet of the partici-
pant. If clear targets for reducing energy intake, such as high intake
of energy content from sucrose, SFA or refined cereal, could be
identified, these were discussed. Especially with older participants
(>70 years), weight loss was not always recommended for those
overweight, but, when considered safe, energy intake facilitating
5–10% reduction in body weight was recommended. Special
attention was paid for preventing unintentional weight loss.
Vitamin D supplement was recommended for all. Shortly after

initiation of our intervention in 2010, a new recommendation
for supplemental use of vitamin D among the elderly was
introduced(14) advising 20µg daily dose throughout the year instead
of the older recommendation of 10µg during the winter months
(October to February). As a panel decision, a minimum of 10µg
supplementary dose was recommended daily throughout the year.
As dietary sources of vitamin D and the supplementation
were emphasised during the intervention and also in the mini-
intervention, this approach was estimated safe for our participants.
Advice on vitamin D supplementation was included in our mini-
intervention for the control group as well.

Setting for dietary intervention

The dietary intervention was planned exploiting experiences from
former Finnish lifestyle intervention trials(15) and was delivered by
trained nutritionists. It was based on the theoretical guides to
intervention planning approaches such as Intervention Mapping(16)

with special emphasis on translating the main goals (dietary
recommendations) into concrete behaviours, first through the food-
based goals for all participants (e.g. ‘fish twice a week’, ‘400g fruit
and vegetables every day’) and ultimately through individual goals

for each participant (e.g. ‘I will replace my afternoon snack with a
fruit’; ‘I will have salad at every meal’; ‘I will replace my breakfast
cereal with oats porridge’; ‘I will use vegetable fats instead of butter
on bread’). Intervention was constructed utilising health action
process model, which combines stages of change with social
cognitive theory, and has been applied in previous Finnish
studies(17). Practical strategies in the intervention included goal
setting, problem solving, coping skills, self-evaluation and
feedback, in order to enhance both self-efficacy and outcome
expectancies, and knowledge. Motivational interviewing was partly
applied during the individual meetings, and all goals were tailored
to individual needs and capabilities.

Intervention was carried out as a combination of individual
counselling and group sessions as described in Fig. 1. At the
individual meetings personal adjustments were considered (e.g.
health status and medications related to diet) and individual
goals were set together with the participant after a motivational
discussion. All individual goals were set on a practical level
utilising the so-called SMART principle (S-Specific; M-Measur-
able; A-Achievable; R-Realistic; and T-Time-framed). During the
group sessions, important food-related themes were discussed
at general level – for example, how to read and interpret
package labels, how to modify recipes into a healthier direction,
or how to deal with craving (online Supplementary Table S1).
Both instructor-led and participant-focused approaches such as
group work and discussion were applied during group sessions.

Statistical analysis

Characteristics between the groups at baseline were compared
using t test for continuous variables and χ2-test for categorical
variables. Linear mixed modelling was applied for dietary
analyses with time as random factor and nutrient intake or food
consumption as an outcome. Time was entered as a categorical
to allow non-linear change over time, and the interaction term
between the group and time represented the difference in
change between the groups. Within-group changes were also
estimated from mixed models. Sample size was based on
expected changes in primary outcome of the trial, cognitive
function, and is described elsewhere(6).

Nutrient intakes were analysed both per se and as nutrient
densities, where intake per 1MJ of energy was computed.
Zero-skewness log transformation was applied for dietary
variables, but in order to facilitate interpretation of the results
we present estimates from models using non-transformed
variables and P values from models with transformed
variables. Food intakes were also analysed per se and as
nutrient densities. For food groups with excessive amount of
zeros (defined as <90% consumers at baseline – that is, >10%
participants having no consumption), the change in proportion
of users was analysed using mixed effects logistic regression,
and changes in consumption was analysed among those with
some consumption using linear mixed models.

For intervention activity data, participation in six group
sessions was applied as maximum because not all participants
were offered additional sessions, and three meetings was
maximum for individual counselling. Overall activity was
categorised based on the total amount of sessions regardless of
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type (range 0–9), with 8–9 categorised as very active, 5–7 as
active and <5 as the low activity group. Analyses investigating
activity were adjusted for age, education, sex and study centre,
and further adjusted for baseline BMI, systolic blood pressure,
fasting glucose, LDL-cholesterol and cognition.
Modified intention to treat analysis (mITT) with participants

having baseline and at least one follow-up dietary data was
conducted. Main analysis (intervention adherence score) was
repeated for the whole sample (ITT) and for those with all
three food records. Analyses were conducted using Stata for
Windows, release 11.3 (StataCorp LP). P< 0·05 was considered
statistically significant.

Results

Characteristics

Participants were on average 69 years old at baseline and slight
majority were men, with no differences in characteristics between
the intervention and control groups at baseline (Table 2).
Altogether 1055 (83%) participants had all three food records
available, and 1163 (92%) had baseline and at least one follow-up
record and were included in mITT analysis (online Supplementary
Fig. Sl). Participants with only one food record (n 97) were more
frequently living alone (P=0·021), and had lower intervention
adherence score at baseline (P=0·033) compared with mITT
population.

Participation in the study and in the intervention

During 2 years, 135 participants (seventy-three in the intervention
group) withdrew from this study, of whom twenty returned for
retrieval visit at 2 years. In addition, twenty-two discontinued
dietary group sessions but remained in other activities. The most
common reasons for refusing the group sessions were lack of time
or motivation (n 13; 43%), followed by difficulties in arranging
participation (n 5). Most common reasons for withdrawal in the
whole study were health-related (n 51; 38%). There were 114 (4%)
self-reported adverse events or negative experiences during
the study, of which ninety-seven were in the intervention group

(85% of the events), with musculoskeletal pain as the most
common. None of the adverse effects were specifically related to
the dietary counselling.

Participation in individual counselling was good: 84% (n 528) of
the intervention group participated in all three sessions (89%
among those included in mITT). Group sessions were well adopted
as well: 51% (n 321) in at least five (out of the six) group sessions
(54% among mITT). Altogether 100 (15%) did not attend group
sessions, and forty-five of these eventually dropped out of the
study. One participant refused to attend any intervention sessions.
For overall participation among the mITT population, 54% (n 308)
were categorised as very active with eight sessions or more, 26%
(n 149) as active with six to seven sessions and 21% (n 118) as the
low activity group with zero to five sessions. Activity status was not
associated with baseline characteristics (data not shown).

Intervention adherence score

The intervention adherence score, the main outcome, was
composed of nine distinct goals to reflect the overall success of
the intervention. The mean adherence score increased in the
intervention group over time, with a difference in change
compared with the control group (Fig. 2(a)), and results remained
unchanged when the whole sample (ITT) was included and when
only those with all three food records were included (data not
shown). The most commonly achieved goals at baseline were the
protein and alcohol intake goals (85 and 86% at baseline,
respectively), whereas the most difficult to achieve was the SFA
goal (19%) (online Supplementary Table S2).

Active participation in the intervention sessions did not predict
higher adherence score within the intervention group (compared
with low activity at the 1st year P= 0·43 for active and P= 0·41 for
very active; and at the 2nd year, P= 0·15 and 0·16, respectively).
Compared with the control group both the very active and the
active group had higher scores throughout the study, and even
the low activity group after the 1st year (Fig. 2(b)). Presented
estimates are adjusted for age, education, sex, marital status
and study centre, and results remained unchanged after
further adjustment for baseline BMI, systolic blood pressure,
LDL-cholesterol, fasting glucose and cognitive function.

Table 2. Characteristics of the participants
(Mean values and standard deviations; numbers and percentages)

Intervention group Control group

Mean SD n % Mean SD n % P*

Total (n) 631 629
Age (years) 69·5 4·7 69·2 4·7 0·265
Education (years)† 10·0 3·5 10·0 3·4 0·915
BMI† 28·3 4·5 28·1 4·9 0·460
Systolic blood pressure (mmHg)† 140·2 16·6 140·0 15·7 0·773
LDL-cholesterol (mmol/l)† 3·1 0·9 3·1 0·9 0·748
Fasting glucose (mmol/l)† 6·1 0·8 6·1 1·0 0·991
Men 345 55 327 52 0·339
Living with a spouse† 459 73 474 75 0·344
Included in mITT analysis 575 91 588 93 0·117
Dropouts 73 12 62 10 0·420

mITT, modified intention to treat analysis.
* P values for difference between the groups from t test (continuous variables) or χ2-test (categorised variables).
† Missing values for education: 16; BMI: 11; systolic blood pressure: 9, LDL: 5; glucose: 3; and marital status: 7.
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Nutrient intake

The average nutrient intake at baseline met the recommendations
except for dietary fibre, vitamin D (excluding supplements), folate
and SFA intake. The proportion of participants meeting the
recommendation threshold for individual nutrients varied from
17% (folate) to 99% (P). Nutrient intakes or food consumption did
not differ between the groups at baseline (Tables 3 and 4).
There was a slight decrease in energy intake over time and

the proportion of total fat increased equally in both groups.
Quality of fat and carbohydrate improved in the intervention
group with significant differences in change in SFA, PUFA
and fibre throughout the study. Although 85% (n 1067) met
the protein intake recommendation as proportion of energy
(10–20 E%), only 21% (n 262) met the recommendation specific
for older adults respective to body weight (1–1·2 g/kg)(14).
There was a difference between the groups in the change in

intake of several vitamins and minerals at the 1st year (Table 4),
and these differences persisted in vitamin E, dietary vitamin D,
folate and Mg at the 2nd year. When analyses were repeated
with energy-density variables (g/MJ), intervention effect
remains similar. However, trajectories of change over time
appeared different when taking energy intake into account:
crude intakes of vitamins and minerals decreased during the
2 years among all participants, and the intervention effect was
mainly due to less decrease in the intervention group. Energy-
adjusted intakes remained unchanged in the intervention group
and decreased in the control group (data not shown).

Food consumption

Consumption of selected food groups was analysed focusing on
those mentioned in Finnish recommendations and FINGER goals.
Table 5 shows difference in favour of the intervention group at
both years in changes in consumption of whole-grain cereal (oats,
bar and rye) and vegetable fats, and temporary difference at the
1st year in vegetables, red and processed meat, fish and
fish products, fruit and berries. Analyses with energy-adjusted
consumption (g/MJ) yielded similar results (data not shown).

For food groups that <90% of all participants consumed at
baseline, we further analysed changes in proportion of consumers
between groups. The odds for being a fish consumer was lower in
the control group after the 1st year compared with the intervention
group (OR 0·66; 95% CI 0·44, 0·99), but no longer after the
2nd year. Consumer profiles of berries, legumes, nuts and seed or
sugar-sweetened beverages were unchanged over time and similar
between the groups (data not shown).

Discussion

Dietary counselling as a part of a 2-year multi-domain inter-
vention among older adults improves diet measured by a
composite score. Furthermore, changes in intakes of several
nutrients can be adopted simultaneously in this group of free-
living cognitively intact older adults.

To our knowledge, there are no previous large-scale dietary
counselling interventions among older adults. Studies including
middle-aged participants report findings in accordance with
ours regarding multiple, simultaneous changes. A 6-month
Dietary Approaches to Stop Hypertension (DASH) – interven-
tion improved intake of several macro and micronutrients; this
was observed also after 18 months of follow-up(18) and was
also associated with better compliance to dietary reference
intakes(19). An intervention using MeDi with olive oil or nuts
also resulted in improved dietary intakes after 5 years of inter-
vention(20), although only a part of the changes was prone to
counselling while nuts and olive oil were provided by the study.
A recent review comprising smaller-scale lifestyle interventions
concluded that interventions among elderly participants are
usually effective(21), but these trials have focused on one food
or nutrient instead of whole diet.

Average baseline nutrient intakes in our study were similar to
those reported in Finnish population surveys(22), and, in gen-
eral, dietary recommendations were met, except for folate,
vitamin D, fibre and SFA intakes. After the 1st year, most of the
nutrient intakes and amounts food consumed improved in the
intervention group, but some changes were attenuated during
the 2nd year. Changes that persisted were the use of vegetable
margarine and whole-grain cereal, and consequently the
intakes of riboflavin, pyridoxine, folate, Mg, vitamin E and
dietary fibre, for which cereal products and vegetable fats are
important sources in Finnish diet(22). One previous study has
reported that changes in fat intake were easier to maintain than
those in fruit and vegetable intake(23). Fat and fibre intake
changes were also well sustained in the Finnish diabetes pre-
vention trial(24). Populations in these trials were younger than in
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Fig. 2. Intervention adherence score in relation to (a) intervention allocation
(estimated mean from a mixed model) and (b) intervention participation activity
(estimated mean from a mixed model adjusting for baseline age, education in
years, marital status, sex and study centre). P values indicate difference in
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8 sessions or more (n 308); , intervention group, 5–7 sessions (n 149);
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296 J. Lehtisalo et al.

https://doi.org/10.1017/S0007114517001982  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114517001982


the FINGER, indicating that trajectories of change appear similar
in different age groups.
Energy intake decreased in both groups, which could be

expected with increasing age, but non-linear change after the
1st year suggests other explanations such as weight loss
attempts and less precision in food recording. Weight loss was
discussed in the intervention, and BMI decreased in both
groups(6). Analyses with and without energy-adjustment pro-
vided similar results, suggesting that the intervention group
adopted changes both in quality and quantity.
For foods not eaten on a daily basis, it appears more difficult

to change the pattern of consuming v. not consuming, than
to improve the amounts consumed. We reported changes
in amounts of several foods, but the proportion of consumers
remained mainly unchanged. In future interventions,
persuading people to consume new food groups should be
more emphasised in order to enhance dietary diversity, which
has also been associated with clinical outcomes such as
reduced mortality(25).

Analysis of process data revealed that in the intervention
group even the group with lowest activity improved their
adherence score more than the control group at the 1st year,
indicating that a few visits may lead to short-term changes. More
active participation was still needed in order to maintain a
higher score at the 2nd year, although we found no difference
between the medium- and high-activity groups and the optimal
amount of sessions remain unclear. Almost all participants
attended individual sessions, meaning our overall attendance
reflects mainly participation in group sessions.

We presented a composite adherence score, which combines
the main dietary goals of our intervention, and consequently
reflects adherence to Finnish recommendations. At baseline, on
average, half of the goals were achieved indicating relatively
low adherence to dietary goals. The score increased in the
intervention group, but the actual average difference between
the groups was <1 point. Dietary changes through counselling
are typically rather small – for example, 1·4–1·8 point increases
on a 14-item MeDi-scale were reported in an intervention study

Table 3. Intake and changes in intake of energy and energy-yielding nutrients
(Mean values with their standard errors)

Intervention group Control group Difference between groups†

Mean‡ SE‡ P Mean‡ SE‡ P Mean‡ SE‡ P

Energy (kJ) Baseline 7781·1 93·0 7865·3 91·9 −84·3 130·8 0·333
Δ1st year −196·2 75·4 * −202·1 73·8 ** 5·8 105·5 0·874
Δ2nd year −166·6 77·3 * −209·7 76·6 ** 43·2 108·9 0·759

Total fat (E%) Baseline 32·5 0·3 32·4 0·3 0·1 0·4 0·739
Δ1st year 0·9 0·3 ** 1·0 0·3 *** −0·1 0·4 0·789
Δ2nd year 1·6 0·3 *** 1·9 0·3 *** −0·3 0·4 0·418

SFA and trans-fatty acids (E%) Baseline 13·2 0·2 13·0 0·1 0·1 0·2 0·431
Δ1st year −0·5 0·1 ** 0·7 0·1 *** −1·2 0·2 0·000
Δ2nd year 0·2 0·2 1·0 0·2 *** −0·8 0·2 0·000

MUFA (E%) Baseline 11·5 0·1 11·6 0·1 0·0 0·2 0·781
Δ1st year 0·6 0·1 *** 0·3 0·1 ** 0·3 0·2 0·096
Δ2nd year 0·7 0·1 *** 0·6 0·1 *** 0·1 0·2 0·592

PUFA (E%) Baseline 5·9 0·1 6·0 0·1 0·0 0·1 0·944
Δ1st year 0·8 0·1 *** 0·0 0·1 0·8 0·1 0·000
Δ2nd year 0·6 0·1 *** 0·3 0·1 ** 0·4 0·1 0·003

n-3 Fatty acids (E%) Baseline 1·6 0·0 1·6 0·0 0·0 0·0 0·836
Δ1st year 0·3 0·0 *** 0·0 0·0 0·3 0·1 0·000
Δ2nd year 0·2 0·0 *** 0·1 0·0 0·1 0·1 0·026

n-6 Fatty acids (E%) Baseline 4·2 0·1 4·3 0·1 0·0 0·1 0·716
Δ1st year 0·6 0·1 *** 0·1 0·1 0·5 0·1 0·000
Δ2nd year 0·5 0·1 *** 0·2 0·1 * 0·3 0·1 0·005

Carbohydrate (E%) Baseline 46·3 0·3 46·5 0·3 −0·2 0·4 0·715
Δ1st year −0·5 0·3 * −0·6 0·3 * 0·1 0·4 0·937
Δ2nd year −1·3 0·3 *** −1·1 0·3 *** −0·2 0·4 0·681

Sucrose (E%) Baseline 9·0 0·2 8·8 0·2 0·2 0·2 0·292
Δ1st year −0·4 0·2 ** −0·2 0·2 −0·2 0·2 0·194
Δ2nd year −0·6 0·2 ** −0·1 0·2 −0·5 0·3 0·051

Fibre (g/d) Baseline 21·4 0·3 22·0 0·3 −0·6 0·5 0·229
Δ1st year 0·7 0·3 ** −1·2 0·3 *** 1·9 0·4 0·000
Δ2nd year 0·1 0·3 −1·2 0·3 *** 1·3 0·4 0·001

Protein (E%) Baseline 17·0 0·1 16·9 0·1 0·2 0·2 0·240
Δ1st year 0·0 0·1 −0·1 0·1 0·1 0·2 0·660
Δ2nd year 0·1 0·1 −0·1 0·1 0·2 0·2 0·371

Alcohol (E%)§ Baseline 4·8 0·4 5·0 0·3 −0·2 0·5 0·537
Δ1st year −0·7 0·4 * −0·1 0·4 −0·6 0·5 0·156
Δ2nd year −0·6 0·4 * −0·7 0·4 * 0·1 0·5 0·911

E%, proportion of total energy intake.
Statistical significance within groups: * P<0·05, ** P< 0·01, *** P<0·001 and exact P values are provided for difference between groups.
† Difference at baseline, difference in change at 1st and 2nd year.
‡ Predicted from a mixed model with untransformed intakes and P values from models with zero-skewness log transformation (modified intention to treat analysis, 575 for

intervention and 588 for control).
§ Among those using alcohol, 38% of the participants at baseline. Median alcohol intake among all participants at baseline was 0.
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Table 4. Intake and changes in intake of vitamins and minerals during the intervention
(Mean values with their standard errors)

Intervention group Control group Difference between groups†

Mean‡ SE‡ P Mean‡ SE‡ P Mean‡ SE‡ P

Vitamin A (RE) Baseline 896·26 44·23 948·64 43·74 −52·38 62·20 0·477
Δ1st year 1·24 61·36 −36·64 60·22 37·88 85·97 0·062
Δ2nd year 19·10 62·05 −57·85 61·46 76·95 87·33 0·126

Vitamin D (µg, from food) Baseline 9·50 0·33 9·94 0·32 −0·43 0·46 0·775
Δ1st year 0·79 0·35 ** −1·30 0·34 ** 2·08 0·49 0·000
Δ2nd year 0·14 0·38 −0·92 0·38 1·06 0·54 0·048

Vitamin D (µg, including supplements) Baseline 14·03 0·49 14·18 0·49 −0·15 0·69 0·948
Δ1st year 2·10 0·55 *** −1·22 0·54 ** 3·33 0·77 0·000
Δ2nd year 1·15 0·61 0·65 0·61 0·49 0·86 0·253

Vitamin E (α-TE) Baseline 9·46 0·16 9·71 0·16 −0·25 0·23 0·288
Δ1st year 1·12 0·16 *** −0·27 0·16 1·40 0·23 0·000
Δ2nd year 0·96 0·17 *** 0·04 0·17 0·92 0·24 0·001

Thiamin (mg) Baseline 1·29 0·02 1·30 0·02 −0·01 0·03 0·517
Δ1st year −0·02 0·02 −0·02 0·02 0·01 0·03 0·714
Δ2nd year −0·02 0·02 −0·06 0·02 ** 0·04 0·03 0·245

Riboflavin (mg) Baseline 1·73 0·03 1·75 0·03 −0·02 0·04 0·535
Δ1st year −0·03 0·02 −0·06 0·02 ** 0·04 0·03 0·268
Δ2nd year 0·01 0·02 −0·07 0·02 ** 0·08 0·03 0·024

Niacin (mg) Baseline 31·17 0·40 31·19 0·39 −0·02 0·56 0·753
Δ1st year −0·68 0·36 −1·21 0·36 ** 0·53 0·51 0·314
Δ2nd year −0·54 0·37 −1·25 0·36 ** 0·71 0·52 0·272

Pyridoxine Baseline 1·84 0·03 1·83 0·03 0·01 0·04 0·795
Δ1st year −0·01 0·03 −0·07 0·02 ** 0·06 0·04 0·048
Δ2nd year −0·03 0·03 −0·10 0·03 *** 0·07 0·04 0·043

Folic acid (µg) Baseline 230·76 3·94 237·72 3·90 −6·96 5·55 0·095
Δ1st year 5·01 4·46 −10·38 4·37 *** 15·39 6·25 0·000
Δ2nd year 0·91 4·52 −11·53 4·48 ** 12·43 6·37 0·041

Vitamin B12 (µg) Baseline 5·97 0·23 6·35 0·22 −0·38 0·32 0·307
Δ1st year −0·08 0·30 −0·46 0·29 * 0·38 0·42 0·023
Δ2nd year 0·10 0·30 −0·44 0·30 0·55 0·43 0·105

Vitamin C (mg) Baseline 94·21 2·62 99·31 2·59 −5·10 3·68 0·170
Δ1st year 9·85 2·60 *** −2·32 2·55 * 12·17 3·64 0·000
Δ2nd year 0·87 2·64 −4·42 2·61 * 5·29 3·71 0·104

K (mg) Baseline 3704·95 42·29 3721·84 41·82 −16·89 59·48 0·689
Δ1st year −45·32 34·16 −138·66 33·44 *** 93·34 47·80 0·034
Δ2nd year −87·48 34·78 ** −181·74 34·46 *** 94·25 48·97 0·068

P (mg) Baseline 1493·69 19·09 1497·21 18·88 −3·52 26·85 0·866
Δ1st year −32·55 15·18 * −63·35 14·87 *** 30·80 21·25 0·160
Δ2nd year −22·33 15·75 −65·38 15·60 *** 43·05 22·17 0·059

Ca (mg) Baseline 980·26 16·47 989·93 16·29 −9·67 23·16 0·764
Δ1st year −20·20 14·26 −27·34 13·97 7·14 19·96 0·760
Δ2nd year 4·21 15·24 −19·68 15·10 23·89 21·45 0·270

Mg (mg) Baseline 355·02 4·13 360·73 4·08 −5·71 5·81 0·272
Δ1st year −3·82 3·20 −16·97 3·13 *** 13·15 4·48 0·003
Δ2nd year −5·84 3·40 * −17·97 3·37 *** 12·13 4·79 0·011

Fe (mg) Baseline 11·23 0·16 11·32 0·16 −0·09 0·22 0·291
Δ1st year −0·17 0·16 −0·56 0·15 *** 0·39 0·22 0·008
Δ2nd year −0·28 0·16 * −0·57 0·16 *** 0·30 0·23 0·069

Zn (mg) Baseline 10·92 0·15 11·06 0·14 −0·13 0·21 0·396
Δ1st year −0·27 0·13 * −0·38 0·13 ** 0·11 0·18 0·426
Δ2nd year −0·16 0·13 −0·47 0·13 *** 0·31 0·18 0·093

Cu (mg) Baseline 1·33 0·02 1·36 0·02 −0·03 0·03 0·164
Δ1st year −0·01 0·02 −0·06 0·02 *** 0·04 0·03 0·015
Δ2nd year −0·02 0·03 −0·06 0·02 *** 0·05 0·04 0·104

I (µg) Baseline 214·14 3·58 217·33 3·54 −3·19 5·04 0·553
Δ1st year 4·77 3·97 −6·08 3·89 10·86 5·56 0·076
Δ2nd year 1·07 4·02 −4·55 3·99 5·62 5·66 0·191

Se (µg) Baseline 67·09 0·97 67·43 0·96 −0·34 1·37 0·659
Δ1st year −0·56 0·92 −3·25 0·90 ** 2·69 1·28 0·057
Δ2nd year −1·15 0·96 −2·86 0·95 ** 1·72 1·35 0·223

RE, retinol equivalent; α-TE, α-tocopherol equivalent.
Statistical significance within groups: * P<0·05, ** P< 0·01, *** P<0·001. Exact P values are provided for between groups.
† Difference at baseline, difference in change at 1st and 2nd year.
‡ Predicted from a mixed model with untransformed intakes and P values from models with zero-skewness log transformation (modified intention to treat analysis, 575 for

intervention and 588 for control).
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with a remarkable effect on CVD incidence(20). Moreover,
modest changes may be influential in long term if they are
permanent, especially when changes in several dietary factors
are adopted simultaneously.
Concept of dietary index or score has been exploited widely

and there are several versions of such indices. MeDi indices with
multiple versions(26) are the most popular, followed by the
DASH(27) and several others. Adherence to these scores has been
inversely associated with several chronic diseases including
dementia and cognitive decline in prospective studies(28), as well
as in a controlled setting(29,30). Nordic versions such as Baltic Sea
Diet Score(31) and New Nordic Diet(32) have been introduced. All
of these have been developed for younger age groups. Further,
an elderly-specific index has been proposed previously(33), and,
more recently, concept of MIND diet and score(34) was
developed primary for prevention cognitive decline. Most of
these indices are developed using FFQ, and scoring is based
on the distribution of the population studied (i.e. tertiles or

quartiles). As we had pre-defined goals for our intervention, we
formulated a score that measures these goals rather than utilising
any of the previous scores. Similar indices to assess adherence
to dietary recommendations have been introduced both in
Finland(35) and in Sweden(36) in observational studies. Compared
with the most common MeDi scores, these have more emphasis
on nutrients and not only on food intake, although the reasoning
behind the subscores is similar (e.g. dietary fibre v. whole-grain
cereal). The relative superiority of these indices remains unclear,
but they are also correlated with each another and may yield
similar results in same population(37,38).

Our dietary adherence score was constructed based on the
intervention goals, but with small modifications due to metho-
dological issues. First, salt intake, although an important risk
factor, had to be excluded because the data were not considered
reliable. Moreover, previously dietary salt intake has been
excluded from indices due to methodological issues(36). Second,
our food composition database does not allow the distinction

Table 5. Food consumption and changes in consumption during the intervention
(Mean values with their standard errors)

Intervention group Control group Difference between groups†

Mean‡ SE‡ P Mean‡ SE‡ P Mean‡ SE‡ P

Vegetables Baseline 162·8 4·4 161·3 4·3 1·5 6·1 0·435
Δ1st year 12·6 3·9 ** − 9·9 3·8 * 22·5 5·5 0·001
Δ2nd year 4·9 4·0 − 6·6 3·9 11·5 5·6 0·090

Berries§ Baseline 55·3 2·6 57·7 2·6 −2·4 3·7 0·971
Δ1st year 9·2 2·9 * 0·1 2·9 9·2 4·2 0·060
Δ2nd year 4·6 3·0 1·7 3·0 2·9 4·2 0·658

Fruit Baseline 160·5 5·6 158·4 5·5 2·1 7·9 0·891
Δ1st year 8·7 5·4 * − 6·3 5·3 * 15·1 7·6 0·005
Δ2nd year −5·5 5·7 − 12·0 5·6 * 6·6 8·0 0·150

Legumes§ Baseline 16·2 1·4 13·0 1·5 3·2 2·1 0·208
Δ1st year 4·4 2·1 4·2 2·1 0·1 2·9 0·939
Δ2nd year 2·6 2·4 2·4 2·4 0·2 3·3 0·448

Nuts and seeds§ Baseline 5·2 0·7 6·2 0·7 −1·0 0·9 0·403
Δ1st year 2·5 0·8 *** − 0·1 0·8 2·5 1·1 0·016
Δ2nd year 1·5 0·9 0·4 0·9 1·1 1·3 0·635

Fish and shellfish§ Baseline 64·3 2·5 68·9 2·5 −4·6 3·6 0·376
Δ1st year 3·4 3·0 − 7·4 3·1 10·8 4·3 0·034
Δ2nd year 1·9 3·3 − 2·6 3·3 4·6 4·7 0·353

Red and processed meat Baseline 95·3 2·8 92·9 2·8 2·4 4·0 0·814
Δ1st year −12·3 2·9 *** − 0·5 2·8 −11·8 4·1 0·007
Δ2nd year −10·7 3·0 *** − 5·5 2·9 * −5·2 4·2 0·162

Oats, bar and rye Baseline 60·1 1·6 63·8 1·6 −3·7 2·3 0·102
Δ1st year 1·6 1·4 − 5·3 1·4 *** 6·9 2·0 0·000
Δ2nd year 0·1 1·5 − 5·5 1·5 ** 5·6 2·1 0·009

Vegetable oils Baseline 6·0 0·2 6·3 0·2 −0·2 0·3 0·649
Δ1st year 0·8 0·3 − 0·3 0·3 1·1 0·4 0·055
Δ2nd year 0·1 0·3 0·2 0·3 0·0 0·4 0·695

Vegetable margarine Baseline 7·5 0·7 8·3 0·7 −0·8 0·9 0·921
Δ1st year 7·3 0·7 *** 0·3 0·7 ** 6·9 1·0 0·000
Δ2nd year 6·4 0·8 *** 0·7 0·8 *** 5·7 1·1 0·000

Liquid milk products Baseline 379·7 10·5 394·6 10·4 −14·9 14·8 0·330
Δ1st year −0·5 8·1 − 21·4 7·9 * 21·0 11·3 0·097
Δ2nd year 6·4 8·5 − 19·2 8·4 25·6 12·0 0·050

Sugar-sweetened beverages§ Baseline 168·5 10·1 180·8 10·1 −12·2 14·3 0·823
Δ1st year 10·7 12·3 − 24·6 12·1 35·4 17·3 0·216
Δ2nd year −9·2 12·4 − 14·7 12·2 5·5 17·4 0·642

Statistical significance within groups: * P<0·05, ** P< 0·01, *** P<0·001. Exact P values are provided for difference between groups.
† Difference at baseline, difference in change at 1st and 2nd year.
‡ Predicted from a mixed model with untransformed intakes and P values from models with zero-skewness log transformation (modified intention to treat analysis , 575 for

intervention and 588 for control).
§ For food groups with <90% consumers at baseline, analyses were carried out among those with some consumption (>0 g). Proportions of consumers (median intake among all

participants) at baseline were as follows: berries 83% (23 g); legumes 65% (1 g); nuts and seed 46% (0 g); fish 76% (33 g); and sugar-sweetened beverages 41% (0 g).
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between natural and added or refined sugar. Intake of sucrose
(both from natural sources and added sucrose) was chosen
as a surrogate measure, as has been done previously(22,39). Third,
with a 3-d food record it is not possible to assess fish intake in
portions per week, and we categorised participants based on the
fish consumption during the 3d as fish users and non-users.
Having one portion of fish during 3d would roughly be com-
parable to the recommended two portions per week. Finally,
distinction between whole and refined grain was not possible,
and dietary fibre was chosen as a surrogate for quality of cereal
consumed. These modifications to the adherence score were not
pre-specified but executed due to practical reasons.
Disadvantage of a score composed of binary variables is that

it categorises people roughly: especially in longitudinal setting,
participants may have a substantial increase or decrease in
individual components and still not cross the threshold set for
goal achievement (e.g. SFA in this study), or some goals are
met already in the beginning but changes in the actual levels
may still have further health benefits (e.g. PUFA). Continuous
scoring system(40) or quintile-based scoring(41) have been sug-
gested to replace binary scoring for previous indices in order to
improve predictability.
This study has several strengths, including population-driven

sample, relatively large population, detailed data collection, good
adherence to intervention visits and low dropout rate, but some
limitations need to be addressed. 3-d food record is not ideal for
foods not eaten on a daily basis (e.g. fish), but compared with
FFQ it is more sensitive in detecting changes in diet(42). It is well
recognised that food records are likely to cause underestimation
of food intake in general, whereas FFQ tends to overestimate
consumption(43). Participation in an intervention study may also
have an effect on food recording. Despite the detailed data, we
were not able to analyse all goals exactly as they were set, but
were using surrogate measures for added sugars and whole-grain
cereal, and excluded salt intake from our analysis. Furthermore, a
new recommendation that doubled the amount of vitamin D
fortification in milk products and fat spreads was launched
in Finland in 2010 and was widely adopted by the food
companies(44). Values in our food database represent the level in
2009, and hence vitamin D intake from food is most likely
underestimated at the end of the study. Intake of vitamin D from
food increased almost 40% between 2007 and 2012 in respective
age group(22). There was no difference in total fat spread
consumption or liquid milk product consumption between
the groups, and the fortification has most likely raised intake in
both groups.
Some of our participants were still involved in working life, but

most of them were retired. Retirement is a special period in life
when people in general undergo major changes in their daily
routines and activities. Dietary interventions around retirement
age are effective in promoting beneficial lifestyle changes(21), and
it could be a favourable period for a lifestyle intervention
in general. Despite the ‘mini-intervention’ provided to all
participants, there were indications of worsening quality of diet in
the control group. Quality of diet becomes even more important
when energy intakes decline and nutrient intakes tend to decline
consequently(5). Reductions in muscle mass, bone density,
immune function and absorption of some nutrients may make it

harder to meet nutrition requirements among older people(45),
and supporting healthy ageing by dietary means should be
addressed more among free-living older adults. If well-targeted,
relatively simple interventions such as the FINGER dietary inter-
vention can have a large impact on ageing process. Furthermore,
intervention was well-liked, and participating in group activities
may also provide important social activity among retired partici-
pants with even further benefits for health, and can contribute to
improved quality of life(46).

Inadequate diet and nutrition might represent a relevant,
modifiable risk factor for functional decline and the transition to
disability and frailty(47). As many previous studies have focused on
single foods or nutrients, whole-diet approaches and, furthermore,
multi-domain approaches should be emphasised among older
adults. It is increasingly recognised that interventions targeting
more than one risk factor may be an effective and efficient
way of improving people’s lifestyles(48). Dietary intervention with
whole-diet approach can be seen as a multiple intervention per se,
and in our study it was combined with other lifestyles in order to
promote healthy ageing from many perspectives. Home-dwelling
older adults compose a heterogenous group that requires
individualised interventions, but based on our experience
they are generally able to improve their lifestyle and health
independently if only facilitated by counselling. This could
postpone their need for health care services.

Conclusions

FINGER dietary intervention shows that several aspects of diet
can be changed simultaneously among older adults, also as a part
of a multi-domain intervention, which itself is challenging for
participants. Even though the changes are greater after the
counselling period, they persist to some extent at least 2 years. It
appears that the changes in dietary fat quality and cereal products
consumption are easier to maintain than those in fish, berry or
vegetable consumption. This should be better emphasised in
future trials among older adults.

We also detected signs of worsening diet quality in our control
group, despite active participation and mini-intervention. This
possibly age-related phenomenon could be targeted by interven-
tions in order to support healthy ageing and maintain functional
abilities. With well-targeted, individualised counselling relatively
few intervention sessions may be enough to have beneficial effect.
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