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Abstract

Context The influence of dietary pattern trajectories from youth to adulthood on adult glucose

metabolism is unknown.

Objectives To identify dietary pattern trajectories from youth to adulthood and examine their

associations with adult impaired fasting glucose (IFG).

Design, Setting, and Participants 31-year population-based cohort study among 1,007 youths aged

3-18 years at baseline in Finland.

Exposures Diet intake was assessed in 1980, 1986, 2001, 2007 and 2011. Group-based trajectory

modelling was used to identify dietary pattern (identified by factor analysis) trajectories.

Main outcome measures Adult IFG was measured by the latest available data from 2001, 2007 and

2011.

Results Among 1,007 participants, 202 (20.1%) developed IFG and 27 (2.7%) developed T2D in
adulthood (mean follow-up of 30.7 years; mean (SD) age=40.5 (5.0) years). Three dietary patterns
were identified at baseline and were retained in 1986 and 2001: ‘Traditional Finnish’, ‘High-
carbohydrate’ and ‘Vegetables and dairy products’. Three different patterns were identified in 2007,
which remained similar in 2011: ‘Traditional Finnish and high-carbohydrate’, ‘Red meat’, and
‘Healthy’. Trajectories of increased or stably medium ‘red meat’ pattern scores from youth to
adulthood were detrimentally associated with IFG (relative risk=1.46, 95% confidence interval: 1.12-
1.90 for M-stable/M-large increase vs. Low-stable trajectory) after adjusting for confounders. This

association was slightly reduced after further adjusting for long-term dietary fibre intake.

Conclusions Trajectories of an increased or stably moderate adherence to a ‘red meat’ dietary pattern
from youth to adulthood are associated with higher risk of adult IFG. This association is partly

explained by low dietary fibre intake.



Introduction

Type 2 diabetes (T2D) is a major health issue with a global prevalence of diabetes (T2D accounting
for >85%) estimated to be 9.3% (463 million) in 2019 and projected to increase to 10.9% (700
million) by 2045(1). Although the global prevalence of T2D in young adults remains low (<5%
among those aged <40 years)(1), the number of individuals with prediabetes as assessed by impaired
glucose tolerance is alarmingly high in this age group (106 million under age 40 years)(1), leading to
significantly increased risk of developing T2D later in life(2). Thus, early prevention is critically
important(3-5) with growing evidence showing that early life factors may have profound and lasting

impacts on adult glucose metabolism(6-8).

Diet plays a paramount role in the prevention of T2D(9) and dietary pattern analysis are important for
assessing the effect of overall diet on health outcomes(10). However, previous studies have been
limited to dietary patterns from a single time point during adulthood in relation to glucose metabolism
and T2D(11). Only one study using data from the Nurses' Health Study Il examined the association
between dietary patterns during high school and adult risk of T2D but the diet was retrospectively
measured at least 16-35 years later, introducing significant recall bias(12). Nonetheless, the
developmental trajectories of dietary patterns from youth to adulthood and their influences on adult
glucose metabolism have not been assessed. Addressing this evidence gap could improve current
strategies for preventing T2D at an early stage of life through a life-course approach. Therefore, we
aimed to identify dietary patterns and their trajectories from youth to adulthood and examine whether

these trajectories are associated with adult impaired fasting glucose (IFG).

Subjects and Methods

Study design and participants

The prospective Cardiovascular Risk in Young Finns Study (YFS) began in 1980 (baseline) and was
followed up in 1986, 2001, 2007 and 2011. At baseline, 3596 participants (83.2% of those invited)
aged 3-18 years were randomly selected from the national register of the study areas. In 1980, a 50%

random sample of the participants was selected to participate in the 48-hour dietary recall interview



(N=1798). Of whom, 1767 participated and were reinterviewed in 1986 (n=1212) and 2001 (n=1037).
All participants were invited to complete the food frequency questionnaire assessment in 2007
(n=1996) and 2011 (n=1736). Participants with at least three observations of diet data were included
to identify dietary pattern trajectories (see methods), (n=1256). To assess the association between
dietary pattern trajectories and IFG/T2D, participants were included if they had dietary and complete
risk factor data from baseline (1980) and adult fasting glucose or T2D available from either the 2001,
2007 or 2011 surveys but did not have type 1 diabetes and were not pregnant at either the 2001, 2007
or 2011 surveys (n=1007). A flowchart of participation is given in Figure 1. All participants gave

written informed consent, and local ethics committees approved the study.
Impaired fasting glucose (IFG) and type 2 diabetes (T2D)

Fasting serum glucose concentration was determined by the enzymatic hexokinase method (Glucose
Olympus System Reagent, Olympus, Dublin, Ireland). IFG was defined as having a fasting serum
glucose >5.6 but <6.9 mmol/L using the latest available measurement without meeting the criteria for
T2D(13). Participants were classified as having T2D if they met one of the following: fasting plasma
glucose >7 mmol/L (126 mg/dl); T2D diagnosed by a physician(14); HbAlc >6.5% (48 mmol/mol) at
the 2011 follow-up; use of glucose-lowering medication at 2007 or 2011 follow-ups; or being

confirmed by National Social Insurance Institution Drug Reimbursement Registry.
Diet intake

Details of diet assessment in 1980, 1986 and 2001 have been described in detail elsewhere (15).
Briefly, diet was assessed by trained dietitians using a 48-hour dietary recall method by recording the
type and amount of food eaten by the participant during the two days prior to the interview. In 2007
and 2011, diet was assessed by a validated 128-item food frequency questionnaire as described in
detail elsewhere(16,17). Participants were asked to fill in the form about their usual eating habits
during the past 12 months, which were presented under 12 subgroups (e.g., dairy products, vegetables,
and fruits and berries). Food consumption was calculated in grams per day by the National Food

Composition Database(18).



Other factors

All measures were from baseline unless otherwise stated. Height and weight were measured in 1980,
2001, 2007 and 2011 and body mass index (BMI) calculated as weight/(height?) (kg/m?). The latest
available measures from 2001, 2007 and 2011 were used as adulthood BMI. Serum 25-
hydroxyvitamin D (250HD) concentrations were analysed by radioimmunoassay (DiaSorin,
Stillwater, Minnesota)(19). Long-term dietary fibre intake was calculated as the mean of fibre intake
in 1986, 2001, 2007 and 2011 measured using the National Food Composition Database in Finland
(18). Smoking habits were asked during a health examination in a solitary room. Participants aged 12
years at baseline were considered non-smokers. For those aged 12-18 years at baseline, youth
smoking was defined as regular cigarette smoking on a weekly basis (or more often). Additionally,
youth smoking was defined as regular cigarette smoking on a daily basis based on follow-up data
(follow-ups after 3, 6, 9 and 12 years) when they were aged 12-18 years. Questionnaires were used to
collect physical activity information and an age-standardised physical activity index was
calculated(20), which has been shown to be reliable and valid(21). We used a parent-completed
guestionnaire for participants aged 3 and 6 years and self-reported questionnaire for those aged 9 to
18 years. Questionnaires were also used to obtain information on parental history of T2D and years of

education (as a measure of socio-economic status).
Statistical analysis
Dietary pattern analysis

All food items were classified into 23 food groups based on similarity and habitual culinary use as
done previously(22). Exploratory factor analysis was used to identify dietary patterns for each survey
years based on eigenvalues (>1.25) and interpretability of the factors. Three dietary patterns were
identified in 1980 with the largest eigenvalues (>1.4)(23). For consistency, three dietary patterns with
the largest eigenvalues were retained for all follow-up surveys. Dietary patterns were similar from
1980 to 2001 but had changed by 2007 and then remained similar in 2011. Thus, six different dietary

patterns were retained (three each in 1980/1986/2001 and 2007/2011) to broadly represent the



different patterns identified across the five survey years. Dietary pattern scores for the six dietary
patterns were calculated for all five survey years by summing the intake of food groups with absolute
factor loadings >0.2, weighted by the factor loadings of the food groups(12). To avoid the influence of
using different factor loadings on dietary pattern scores for the same dietary pattern, the factor
loadings for the three dietary patterns observed in 1980 and the three dietary patterns observed in
2011 were consistently applied to all survey years. At each time point, dietary pattern scores were
adjusted for total energy intake using the residual method to account for under- or over-reporting and
eliminate the confounding effect of the amount of food consumed(22). Moreover, energy adjusted
dietary pattern scores were further standardised by survey years to improve comparability across

study years.

Group-based trajectory modelling was used to examine trajectories of dietary pattern scores across
surveys(24), using the ‘traj’ plug-in in Stata version 15.1. This approach assesses the variation of the
developmental courses of the variable of interest between groups of individuals in the population.
Details for model selection of trajectory analysis are given in the supplemental documents (page

7)(25).

Descriptive and main analyses

Mean (standard deviation) and number (%) were used, as appropriate, to describe variables. Radar
charts were used to plot the evolution of dietary patterns from 1980 to 2011 (‘Traditional Finnish’ to
‘Traditional Finnish and high-carbohydrate’; ‘High-carbohydrate’ to ‘Red meat’; ‘Vegetables and
dairy products’ to ‘Healthy’). Univariable and multivariable modified Poisson regression models were
used to assess the association between trajectories of dietary patterns from youth to adulthood and
adult IFG. Given the small number of T2D cases (n=27), we performed sensitivity analyses by
repeating these analyses using the combination of IFG and T2D as the outcome. We selected potential
confounders based on the biological plausibility of an association of a factor with both the outcome
and the exposure of interest. Model 1 was unadjusted and model 2 adjusted for age, sex, BMI, serum
250HD levels, total energy intake, parental history of diabetes physical activity, smoking, socio-

economic status at baseline and adult BMI. Due to nonsignificant interactions between sex and the



dietary pattern trajectories, analyses were not stratified by sex. Trajectory categories with a relatively
small number of participants were combined with the adjacent category for analyses (e.g., M-large
increase for the ‘Healthy’ pattern). To explore the potential mechanism for the association of the ‘red
meat’ pattern trajectory with IFG, a post-hoc analysis was conducted to further adjust for long-term

dietary fibre intake in above-mentioned Model 2.

Missing data for adult BMI (n=3) was imputed using sex, baseline age and BMI as predictors
(multiple imputation using chained equations; 20 datasets imputed). Inverse probability of weighting
was used to account for missing data(26). Briefly, BMI and energy intake were used to predict the
participants’ probabilities of being a complete case using logistic regression. We assumed all values

were missing at random.

All analyses were performed in Stata version 15.1 (Stata Corporation, Texas, USA). A two-tailed p

value <0.05 was considered statistically significant.

Results

Identification of dietary patterns and their trajectories

Three dietary patterns were identified at baseline and named, for descriptive purpose, as ‘Traditional
Finnish’ (characterised by high consumption of rye, potatoes, butter, milk, coffee and sausages but
low consumption of fruit and berries), ‘High-carbohydrate’ (by high consumption of wheat, margarine
and oils, sugar, milk, beef and eggs) and ‘Vegetables and dairy products’ (by high consumption of
vegetables, fruits, cheese, other dairy products, tea, beef and alcoholic beverages but low consumption
of milk) (Supplemental Table 1(25)). These patterns were similar between 1980 and 2001 (Figure 2,
Supplemental Figure 1 and 2, and Supplemental Tables 1-3(25)). By 2007 the patterns had
significantly changed and these patterns remained stable in 2011 (age in 1980 and 2011 (years): mean
(SD)=10.5 (5.0) and 41.5 (5.0), respectively; range 3-18 and 34-49, respectively): ‘Traditional
Finnish and high-carbohydrate’ (characterised by high wheat, other grain products, rye, potatoes,
butter, sausages and sugar; ‘Red meat’ (characterised by high consumption of pork, other meats,

sausages, eggs, fish, potatoes and alcoholic beverages but low consumption of tea); ‘Healthy’ (by high



consumption of vegetables, legumes and nuts, fruits, fish, cheese, other dairy products, tea, other

meats, eggs) (Figure 2, Supplemental Figure 1 and 2, and Supplemental Tables 4 and 5(25)).

Details for model selection of trajectories are given in the supplemental documents (page 7-8)(25).
Three trajectories were identified for each dietary pattern and named based on the starting level and
change over time (Figure 3). For example, the H-stable trajectory of ‘Traditional Finnish’ was named
as it started at a high level and remained stable over time (Figure 3, A).

Participants’ characteristics and associations of dietary pattern trajectories with IFG

Of the 1,007 participants (53% female), 202 (20.1%) developed IFG and 27 (2.7%) developed T2D in
adulthood (mean follow-up=30.7 years). Table 1 shows participants’ characteristics in youth and
adulthood by trajectory groups of ‘red meat’ pattern. After adjusting for confounders, trajectories of
increased or stably medium adherence to the ‘red meat’ pattern from youth to adulthood were
associated with increased risk of IFG (Table 2 Model 2; relative risk=1.46, 95% confidence interval:
1.12-1.90 for M-stable/M-large increase vs. L-stable). Post-hoc analysis further adjusting for long-
term dietary fibre intake showed a slightly reduced association (relative risk=1.38, 95% confidence
interval: 1.06-1.79). There were no significant associations between the other dietary pattern
trajectories and IFG (Table 2). Sensitivity analyses combining IFG with T2D and analyses that

considered inverse probability weighting showed similar results (data not shown).

Discussion

Our study for the first time examined the long-term evolution of dietary patterns from youth to middle
adulthood, identified trajectories of these patterns from youth to middle adulthood and examined the
association of these trajectories with adult risk of IFG. Dietary patterns remained stable from youth to
early adulthood but significantly changed during the transition to middle adulthood. The trajectories
of an increased or stably medium adherence to a ‘red meat’ dietary pattern from youth to middle
adulthood (among more than one third of the participants) were associated with higher risk of adult

IFG compared to those who had a stably low trajectory. This finding suggests that interventions to



prevent the increased or high adherence to a dietary pattern characterised by high intake of red meat

from youth to middle adulthood may reduce the risk of IFG in adulthood and T2D later in life.

Previous data from our group showed that dietary patterns remained consistent from youth to early
adulthood(22) but the current study suggested significant changes in major components of these
patterns during the transition from early to middle adulthood. For example, the traditional Finnish
pattern appeared to evolve to integrate with a high-carbohydrate pattern. Interestingly, a dietary
pattern characterised by high consumption of red meat was seen in adulthood, which does not seem to
stem from any patterns observed in youth. These findings confirm that a healthy diet habit should be
established as early as in childhood but further suggest that the transition from early to middle

adulthood may provide another opportunity for interventions to improve diet behaviours.

Although cohort studies have investigated the association of dietary patterns with glucose metabolism
and T2D in adults(11,27), none have assessed dietary pattern trajectories from early life to adulthood
or their associations with glucose metabolism in adulthood. The finding from the current study that
trajectories of increased or stably medium ‘red meat’ pattern scores from youth to adulthood were
associated with higher risk adult IFG is novel and biologically plausible. Previous systematic review
and meta-analyses of observational and intervention studies have consistently shown a detrimental
association of red meat intake and risk of T2D in adults(28,29). A recent study in adults showed that
the association between the intake of red meat and the risk of T2D was partially explained by the
increased content of dietary heme-iron(30). Moreover, a higher red meat intake means a potentially
lower intake of fibre, which has been consistently associated with increased risk of T2D(31).
Consistent with this finding, when we adjusted for dietary fibre intake we observed a reduction in the
association of red meat pattern trajectory with IFG. Our finding has also major public health
implication as a large proportion of participants were classified into these ‘unfavourable’ trajectories
(34.9%). Of note, these differences between trajectories were apparent in youth or became distinct in
early adulthood. This suggests that interventions to prevent the higher adherence to a dietary pattern
characterised by high intake of red meat should start as early as possible, which might most

effectively reduce the risk of IFG in adulthood and T2D later in life.
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Although not statistically significant, an increased adherence to traditional Finnish and high-
carbohydrate pattern may have a clinically important association with IFG (29% risk reduction for
slight increase vs. stable/large decrease). This may be partly explained by the high intake of whole
grains, which have been consistently associated with reduced risk of T2D in recent systematic reviews
and meta-analyses of observational and intervention studies(31-33). Not surprisingly, whole grains are
rich in dietary fibre, antioxidants, and other important micronutrients and vitamins, which can all play
a role in glucose metabolism(32). For example, a recent systematic review and meta-analysis of
observational and intervention studies showed that there was moderate evidence for a beneficial
association of dietary fibre and T2D in adults(31). Altogether, our finding suggests that improving
high quality carbohydrate diet from childhood to adulthood may be important for the prevention of

IFG later in life.

Only one cohort study examined the association of early life dietary patterns with adult risk of
T2D(12), showing that a Western dietary pattern during adolescence (characterized by a high
consumption of desserts, processed meats, and refined grains) was associated with an increased risk of
T2D in young to middle age but a prudent pattern (characterised by high consumption of vegetables,
fruit, legumes, fish, and better-quality grains and low consumption of shacks and soda) was not.
However, a major limitation of that study was the potential recall bias of the adolescence dietary data,
which was retrospectively assessed 16-35 years later. Moreover, it is unclear if the adolescent patterns
changed during adulthood and whether any changes impacted the risk of T2D. Another study assessed
the association of dietary pattern trajectories with glucose metabolism(34), but it was limited to
adulthood and assessed only one ‘healthy’ dietary pattern (characterised by a high consumption of
wheat products and soy milk and low consumption of rice, legumes, poultry, eggs and fish) that might
be only seen in specific populations. They found that dietary pattern trajectories with higher scores
(vs. lower) were beneficially associated with HbAlc but not insulin resistance or diabetes. However, a
direct comparison with our findings might not be feasible due to differences in the study design and

population characteristics.
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Few randomised controlled trials (RCT) have determined the effect of dietary pattern interventions for
preventing T2D and they have generally focused on improving the intake of fruits and vegetables and
maintaining a low carbohydrate diet (35). A large US RCT showed no benefit of an intervention
promoting a low-fat (20% total energy) dietary pattern with increased vegetables, fruits and grains for
preventing diabetes in 48,835 generally healthy postmenopausal women(35). However, there was a
trend toward reduced risk with greater decreases in total fat intake and weight loss. These findings are
generally consistent with ours for the healthy’ pattern. In contrast, another large US RCT among
adults with elevated fasting and post-load plasma glucose (n=3,234) showed that those who received a
lifestyle intervention of a healthy low-calorie, low-fat diet, and improved physical activity of
moderate intensity, reduced the incidence of T2D by 58% compared with the placebo group(36). This
suggests that an intensive lifestyle intervention, including diet, may be optimal in the prevention of

T2D, particularly in those at high risk.

The strength of this study is the use of data from a long-term cohort, consisting of five measurements
of diet intake, in a population-based sample that allowed trajectories of dietary patterns with adult
health outcomes to be examined. The advantage of the trajectory analysis is that multiple observations
of an exposure could be used to model the long-term development. This provides detailed information
about the change of the exposure during the study period and its influence on health outcomes that
could not be achieved by the traditional method of using change in the exposure between two time
points. Our study has limitations. Causality could not be inferred given the observational design.
However, we adjusted for many important confounders or mediators, including smoking, physical
activity and BMI in both youth and adulthood. Method for diet measurement was changed from 48-
hour dietary recall to FFQ in 2007 and 2011, which may have partly affected the changed dietary
patterns and trajectories. However, the food items included in the two different methods were largely
comparable and were all grouped in the same way(22). Moreover, dietary pattern scores were
standardised by survey years to make the values comparable between different methods and survey
years. We were not able to examine the association of dietary pattern trajectories with T2D alone

because of a small number of T2D patients (n=27). Therefore, studies with longer follow-up or larger

12



sample size are needed to examine this topic. Participants were lost to follow-up, but we have
previously shown that these samples are representative of the original cohort(37,38). Moreover,
inverse probability weighting was used to account for missingness and results remained largely

similar, suggesting minimum impact of loss-to-follow-up.

In conclusion, trajectories of an increased or stably medium adherence to a ‘red meat’ dietary pattern
from youth to adulthood were associated with higher risk of adult IFG, suggesting that interventions
to prevent these unfavourable dietary pattern trajectories may substantially reduce the risk of IFG in
adulthood and T2D later in life. As differences between these trajectories already existed in youth or
started to become distinct in early adulthood, interventions should be implemented before this period

to maximise the benefits.
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Figure legend
Figure 1. Flowchart of study participants. IFG, impaired fasting glucose; T2D, type 2 diabetes. * from

a random sample of 50% of the participants in 1980. " all participants from the orginal cohort were
invited. ® participants who had less than three diet assessments available from baseline, 1986, 2001,

2007 and 2011 follow-ups.

Figure 2. The radar chart for the evoluation of the ‘Traditional Finnish’ dietary pattern (1980, 1986
and 2001) to the ‘Traditional Finnish and high-carbohydrate’ dietary pattern (2007 and 2011) from
youth (aged 3 to 18 years) to adulthood (aged 34 to 49 years). The factor loading ranges from -1.0

(centre) to 1.0 (the largest circle), with a difference of 0.2 between the two adjacent circles.

Figure 3. The trajectories from youth to adulthood of six dietary patterns derived by diet in 1980 (A-
C) and 2011 (D-F). A: Traditional Finnish; B: High-carbohydrate; C: Vegetables and dairy products;
D: Traditional Finnish and high-carbohydrate; E: Red meat; F: Healthy. Values of the y-axis are
survey year-standardised z-scores of each pattern. % in brackets indicate the percentage of
participants allocated to each trajectory group. L=low, M=medium, H=high, indicating starting level

of each trajectory.
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Table 1 Participants’ characteristics in youth (1980) and adulthood in the YFS (n=1,007)

Trajectories of Red meat pattern

L-stable M-stable/M-large increase
(n=649) (n=358)
Youth
Age (year) 9.9 (4.9) 11.4 (5.1)
Females, (%) 65 32
BMI (kg/m?) 17.3 (2.9) 18.3(3.1)
250HD (nmol/L) 53 (15) 51 (16)
Physical activity index (z score) -0.05 (0.94) 0.14 (1.02)
Parental history of diabetes, n (%) 17 (2.6) 5(1.4)
Smokers, n (%) 108 (16.6) 85 (23.7)
Parental years of education 10.5 (3.4) 9.1(2.7)
Adulthood ?

Age (year) 40.9 (4.9) 424 (5.1)
BMI (kg/m?) 25.6 (4.9) 26.9 (4.6)
Smokers, n (%) 94 (15) 100 (28)
Education status, n (%)

Grammar school 82 (13) 68 (20)

College or vocational school 274 (45) 176 (52)

University degree 258 (42) 95 (28)
Long-term dietary fibre intake ® 20.08 (7.0) 21.2 (6.6)
Fasting glucose (mmol/L) 5.26 (0.88) 5.47 (0.69)
Glucose metabolism categories, n (%)

NFG 538 (82.9) 240 (67.0)

IFG 98 (15.1) 104 (29.1)

T2D 13 (2.0) 14 (3.9)

L=low, M=medium, indicating starting point of each trajectory.

Data are mean (standard deviation) unless otherwise stated.

Abbreviations: NFG, normal fasting glucose; IFG, impaired fasting glucose (cut-off 5.6 mmol/L);
T2D, type 2 diabetes; BMI, body mass index; 250HD, 25-hydroxyvitamin D.

2 all variables used data from the latest available values in adulthood (from 2001, 2007 or 2011).
There were statistical differences between groups for all variables except for parental history of
diabetes, p<0.05.

bcalculated as the mean of dietary fibre intake in 1986, 2001, 2007 and 2011.



Table 2 Associations of dietary pattern trajectories from youth to adulthood with adult risk of

IFG (n=980)
IFG (vs NFG)
Model 1°¢ Model 2¢
Dietary patterns Trajectory categories n/N (%) © RR (95% CI) RR (95% CI)
Traditional Finnish®  L-slight decrease 79/429 (18.4) Reference Reference
M-slight increase 100/477 (20.1) 1.14(0.87 to 1.48) 1.00 (0.76 to 1.31)
H-stable 23/74 (31.1) 1.69(1.14t02.50) 1.03 (0.67 to 1.58)
High-carbohydrate 2 M-slight decrease 139/633 (22.0) Reference Reference
M-stable/M-large 63/347 (18.2) 0.83(0.63t01.08)  0.80 (0.62 to 1.04)
increase
Vegetables and dairy ~ L-moderate decrease 44/199 (22.1) Reference Reference

products @

Traditional Finnish
and
high-carbohydrate °

Red meat °

Healthy °

M-stable
M-moderate increase

M-stable/M-large
decrease

M-slight increase

L-stable
M-stable/M-large
increase

L-stable
M-stable/M-large
increase

146/726 (20.1)
12/55 (21.8)

175/807 (21.7)

27/173 (15.6)
98/636 (15.4)
104/344 (30.2)

151/677 (22.3)
51/303 (16.8)

0.82 (0.61 to 1.11)
0.96 (0.51 to 1.81)

Reference

0.72 (0.50 to 1.04)
Reference

1.96 (1.54 to 2.50)

Reference
0.75 (0.57 to 1.01)

1.01 (0.57 to 1.36)
1.00 (0.57 to 1.74)

Reference

0.71 (0.50t0 1.01)
Reference

1.46 (1.12 to 1.90)

Reference
0.91 (0.69to 1.21)

L=low, M=medium, H=high, indicating starting level of each trajectory.
Abbreviations: RR, relative risk; Cl, confidence interval; NFG, normal fasting glucose; IFG,
impaired fasting glucose (cut-off 5.6 mmol/L).
Bold denotes statistical significance, p<0.05.

adietary pattern scores used for trajectory analysis were calculated using factor loadings from
dietary patterns in 1980.
b dietary patterns scores used for trajectory analysis were calculated using factor loadings
from dietary patterns in 2011.

¢ unadjusted,;

d adjusted for age, sex, body mass index and total energy intake, serum 250HD levels,
parental history of diabetes, physical activity, smoking, and socioeconomic status (parental
education years) at baseline and body mass index in adulthood.

¢ cases of IFG/total number of participants in that category.
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Page 2- 6, Supplemental tables for factor loadings of dietary patterns identified from each
survey years.

Page 7-8, Model selection and Supplemental tables for group-based trajectory modelling
(GBTM).

Page 10, Figure legend for Supplemental Figures 1-2.



Supplemental Table 1 Rotated factor loadings for the three dietary patterns identified from

exploratory factor analysis based on diet intake in 1980.

Food groups Foods included in the group Traditional | High- Vegetables
Finnish carbohydrate | and dairy
products

Rye Rye bread, rye porridge 0.68 -0.01 0.14
Wheat Wheat bread, pasta 0.14 0.62 -0.02
Other grain Cereals other than rye and wheat,
products breakfast cereals, biscuits, starch,

rice -0.21 0.28 -0.06
Legumes and nuts | Peas, beans, other legumes, nuts,

seeds, soya products -0.03 0.10 0.04
Potatoes Potatoes, potato products 0.54 0.27 0.01
Root vegetables Root vegetables 0.12 -0.13 0.33
Other vegetables Leaf vegetables, onions,

cabbages, tomatoes, cucumbers,

canned vegetables, mushrooms -0.01 0.18 0.54
Fruit and berries Fresh fruits, canned fruits,

berries, fruit and berry juices -0.32 0.21 0.20
Margarine and oils | Soft margarine, low-fat spreads,

oil -0.02 0.68 0.15
Butter Butter, butter-oil spreads, lard 0.71 -0.02 -0.09
Milk Milk 0.36 0.40 -0.40
Cheese Cheese 0.19 0.17 0.53
Other dairy Cream, sour milk products,
products yoghurt ice cream -0.13 -0.10 0.53
Pork Pork 0.05 0.11 0.06
Other meat Beef, lamb, game, poultry, meat

products 0.14 0.36 0.23
Sausages Sausages, frankfurters 0.35 0.16 -0.03
Offal Liver, kidney, other offal 0.03 0.09 -0.01
Fish Fish, shellfish, fish products 0.02 0.13 0.03
Eggs Eggs -0.01 0.45 0.08
Coffee Coffee 0.46 0.09 0.02
Tea Tea 0.10 0.12 0.26
Alcoholic Alcoholic beverages
beverages 0.16 0.01 0.33
Sugar Sugar, syrup, sweets, chocolate -0.02 0.51 -0.16
Variance (%) 8.7 8.7 6.5




Supplemental Table 2 Rotated factor loadings for the three dietary patterns identified from

exploratory factor analysis based on diet intake in 1986.

Food groups Traditional High-carbohydrate Vegetables and red
Finnish meat
Rye 0.49 0.05 0.16
Wheat 0.14 0.66 -0.04
Other grain products | -0.03 -0.04 -0.04
Legumes and nuts -0.12 0.16 -0.06
Potatoes 0.30 -0.08 0.69
Root vegetables -0.15 -0.09 0.63
Other vegetables -0.16 0.27 0.37
Fruit and berries -0.25 0.18 0.08
Margarine and oils -0.29 0.47 0.20
Butter 0.77 0.15 0.02
Milk 0.60 -0.19 0.08
Cheese 0.04 0.44 0.14
Other dairy products | 0.00 -0.08 0.00
Pork -0.02 0.22 0.60
Other meat 0.10 -0.13 0.26
Sausages 0.26 0.24 -0.03
Offal 0.07 0.20 -0.01
Fish -0.01 -0.02 0.03
Eggs 0.19 0.47 -0.18
Coffee 0.34 0.10 0.03
Tea -0.10 0.36 0.04
Alcoholic beverages | -0.07 0.01 0.10
Sugar 0.13 0.19 0.00
Variance (%) 7.8 7.1 6.9




Supplemental Table 3 Rotated factor loadings for the three dietary patterns identified from
exploratory factor analysis based on diet intake in 2001.

Food groups Traditional High- Vegetables and
Finnish carbohydrate dairy products
Rye 0.53 0.29 0.25
Wheat -0.17 0.68 -0.13
Other grain products 0.23 0.78 0.12
Legumes and nuts -0.41 0.18 0.02
Potatoes 0.30 0.16 -0.24
Root vegetables 0.13 0.03 0.47
Other vegetables -0.46 0.32 0.17
Fruit and berries -0.10 0.13 0.32
Margarine and oils 0.33 0.35 -0.04
Butter -0.05 0.51 -0.11
Milk 0.48 0.25 -0.22
Cheese -0.21 0.33 0.07
Other dairy products -0.07 0.04 0.31
Pork 0.20 0.27 -0.11
Other meat -0.09 0.16 -0.18
Sausages 0.32 0.27 -0.31
Offal -0.07 0.03 -0.06
Fish -0.22 0.12 0.05
Eggs -0.10 0.34 -0.08
Coffee 0.16 0.09 -0.56
Tea 0.00 0.07 0.66
Alcoholic beverages -0.33 0.02 -0.36
Sugar -0.08 0.32 0.16
Variance (%) 6.9 10.1 7.5




Supplemental Table 4 Rotated factor loadings for the three dietary patterns identified from
exploratory factor analysis based on diet intake in 2007.

Food groups Traditional Finnish + | Red Healthy
High-carbohydrate meat
Rye 0.37 -0.16 0.13
Wheat 0.84 0.04 -0.02
Other grain products 0.84 0.06 0.22
Legumes and nuts 0.00 0.09 0.63
Potatoes 0.54 0.34 0.09
Root vegetables 0.11 -0.01 0.74
Other vegetables 0.10 0.02 0.75
Fruit and berries 0.29 -0.20 0.50
Margarine and oils 0.52 0.17 0.13
Butter 0.68 0.11 0.08
Milk 0.34 0.14 -0.17
Cheese 0.28 -0.03 0.15
Other dairy products 0.29 -0.21 0.22
Pork 0.46 0.57 0.22
Other meat 0.39 0.39 0.26
Sausages 0.41 0.47 -0.14
Offal 0.13 0.23 0.13
Fish 0.17 0.33 0.46
Eggs 0.37 0.37 0.21
Coffee 0.09 0.40 -0.21
Tea 0.09 -0.44 0.25
Alcoholic beverages -0.07 0.56 -0.03
Sugar 0.56 -0.11 -0.03
Variance (%) 17.4 8.6 10.7




Supplemental Table 5 Rotated factor loadings for the three dietary patterns identified from
exploratory factor analysis based on diet intake in 2011.

Food groups Traditional Finnish + Red meat Healthy
High-carbohydrate
Rye 0.51 -0.13 0.07
Wheat 0.78 0.10 -0.06
Other grain products 0.86 0.09 0.13
Legumes and nuts -0.01 0.09 0.72
Potatoes 0.54 0.38 0.00
Root vegetables 0.11 0.03 0.73
Other vegetables -0.00 0.04 0.75
Fruit and berries 0.33 -0.13 0.39
Margarine and oils 0.42 0.15 0.18
Butter 0.53 0.19 0.04
Milk 0.35 0.21 -0.12
Cheese 0.18 0.03 0.35
Other dairy products 0.28 -0.19 0.26
Pork 0.31 0.66 0.09
Other meat 0.25 0.52 0.26
Sausages 041 0.49 -0.19
Offal 0.07 0.46 0.08
Fish 0.03 0.31 0.42
Eggs -0.05 0.54 0.22
Coffee 0.18 0.29 -0.19
Tea 0.02 -0.28 0.32
Alcoholic beverages -0.08 0.46 -0.12
Sugar 0.42 -0.14 0.01
Variance (%) 14.1 9.9 10.9




Model selection for GBTM.

Dietary pattern scores for each participant from all surveys were used as dependent variables and the
survey years as independent variables. To be included in the trajectories, individuals were required to
have dietary scores from at least three survey years (99% of participants had dietary scores at both
baseline and at least one of the adulthood follow-ups). For trajectory modelling, dietary pattern scores
were modelled with the normal distribution. The model selection was based on the Bayesian
information criterion (a higher value indicating better fit), but was complemented by the following
diagnostic criteria: a) an average posterior probability (AvePP) value >0.7 for each group; (b) the
odds of correct classification >5 for all groups; (c) reasonably close correspondence between
estimated group probabilities and the proportion of sample assigned to the group; (d) reasonably
narrow confidence intervals; and (e) adequate sample numbers in each group (n>10)(1). Models with
different number of groups (2-4) and trajectory shapes (zero-order, linear and quadratic) were tested
until the best fitting model was established. No extra groups were tested as one or more of the groups
had a very small proportion of observations or no meaningful category was additionally identified in

the 4-group model.

An example of model selection for ‘Red meat’ pattern is shown in Supplemental Table 6 (A-C).
Among the models with the largest BIC, those with better OCC were selected for the ‘Traditional
Finnish’ (2 1 0), ‘High-carbohydrate’ (1 2 1), and ‘Red meat’ (1 1 2) patterns. The models with the
biggest BIC were selected for the ‘vegetables and dairy products’ (1 1 1), ‘Traditional Finnish and
high-carbohydrate’ (1 1 1), and ‘Healthy’ pattern (0 2 2) patterns. All trajectory groups had an AvePP
value above 0.7 and reasonably narrow confidence intervals, with moderate to very close
correspondence between each group’s estimated probability and the proportion of study participants
assigned to it (Figure 3). The OCCs were above 5 for all trajectories, except for the group with the
largest proportion of participants for each pattern (2.2 to 4.0); however, their confidence intervals are

the narrowest without overlapping with other trajectories, suggesting an overall good classification.



Supplemental Table 6A. BIC for GBTM of the ‘Red meat’ pattern according to number of groups
and trajectory shapes (based on factor loadings in Supplemental Table 5).

Number of groups Trajectory shapes? BIC? (N = 1256) BIC® (N = 5014)
2 00 -6996.82 -6999.59
2 01 -6974.32 -6977.78
2 02 -6976.53 -6980.68
2 11 -6977.83 -6981.98
2 12 -6979.95 -6984.80
2 22 -6981.99 -6987.53
3 000 -6945.74 -6949.89
3 011 -6895.30 -6900.84
3 012 -6895.97 -6902.20
3 022 -6898.05 -6904.98
3 111 -6907.87 -6914.10
3 112 -6896.69 -6903.61
3 121 -6898.51 -6905.43
3 122 -6898.00 -6905.62
3 210 -6929.41 -6935.64
3 211 -6909.33 -6916.25
3 212 -6898.00 -6905.62
3 221 -6899.09 -6906.70
3 222 -6899.55 -6907.85
4 0000* -6932.28 -6937.82

1Trajectory shapes; 0 = zero-order; 1 = linear; 2 = quadratic.
2BIC = Bayesian information criterion (for the total number of participants)

3BIC = Bayesian information criterion (for the total number of observations)

*QOne or more groups had a very small proportion of participants or no meaningful category was
additionally identified compared with the 3-group model.

Supplemental Table 6B. Average posterior probability (AvePP) value and odds of correct
classification for ‘Red meat’ pattern GBTM groups

Trajectory groups of the ‘Red meat’ pattern L-stable M-stable | M-large increase
Average posterior probability value 0.84 0.78 0.89
Odds of correct classification 3.3 6.3 576.4

L=low, M=medium, indicating starting point of the trajectory.

Supplemental Table 6C. ‘Red meat’ pattern trajectory groups’ estimated probability and the
proportion of Study members classified to each group according to the maximum posterior probability

assignment rule

. Proportion assigned to group according to
Estimated group . . o
Group o the maximum posterior probability
probability .
assignment rule
L-stable 61.9 65.0
M-stable 36.8 33.5
M-large increase 1.4 1.4

L=low, M=medium, indicating starting point of the trajectory.
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Supplemental Figure 1. The radar chart for the evolution of the ‘High-carbohydrate’ dietary pattern

(1980, 1986 and 2001) to the ‘Red meat’ dietary pattern (2007 and 2011) from youth (aged 3 to 18

years) to adulthood (aged 34 to 49 years). The jagged lines (distance from the centre) indicate factor

loadings for each food groups of each dietary patterns in 1980, 1986, 2001, 2007 and 2011. The factor

loading ranges from -1.0 (centre) to 1.0 (the largest circle), with a difference of 0.2 between the two

adjacent circles.

Supplemental Figure 2. The radar chart for the evolution of the ‘Vegetables and dairy products’
dietary pattern (1980, 1986 and 2001) to the ‘Healthy’ dietary pattern (2007 and 2011) from youth
(aged 3 to 18 years) to adulthood (aged 34 to 49 years). The jagged lines (distance from the centre)
indicate factor loadings for each food groups of each dietary patterns in 1980, 1986, 2001, 2007 and
2011. The factor loading ranges from -1.0 (centre) to 1.0 (the largest circle), with a difference of 0.2

between the two adjacent circles.
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Supplemental Figure 2
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