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Abstract
Background  Plant-based diets are associated with favourable cardiovascular health markers. Although increasingly 
consumed among younger demographics, it is unclear how plant-based diet quality tracks from adolescence 
to young adulthood, and how this impacts cardiovascular health later in life. Thus, this study aimed to explore 
trajectories of plant-based dietary patterns from adolescence to young adulthood and investigate associations with 
cardiometabolic health markers in young Australian adults.

Methods  Longitudinal data from 417 participants from the Raine Study were included. Semi-quantitative food 
frequency questionnaires conducted at 14, 20, and 27 years of were used to derive three plant-based diet quality 
index scores: an overall plant-based diet (PDI), a healthy plant-based diet (hPDI), and a less healthy plant-based diet 
(uPDI). Markers of cardiometabolic health included waist circumference, blood lipids, and blood pressure obtained 
at 14 and 28 years of age. Group-based trajectory modelling was used to describe plant-based diet quality trajectory 
groups from adolescence to young adulthood. Multivariate linear regression models were used to investigate 
associations with cardiovascular health markers.

Results  Plant-based diet quality trajectory groups were different by sex, but remained relatively stable over the life 
stages, with participants remaining either above or below average diet quality at all time points. Associations with 
cardiovascular health outcomes differed between the sexes, with the hPDI having the greatest number of associations 
for females, and the uPDI for males. Being female with a higher hPDI score was associated with lower insulin (β = 
-1.11 (95% CI -2.12, -0.09)), HOMA-IR (β = -0.25 (95% CI -0.48, -0.01)), systolic blood pressure (β = -2.75 (95% CI -5.31, 
-0.19)), and hs-CRP (β = -1.53 (95% CI -2.82, -0.23)), and higher HDL-cholesterol (β = 0.13 (95% CI -0.03, 0.23)) compared 
to females with lower hPDI scores. Being male in the higher scoring uPDI group was associated with higher waist 
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Background
Poor cardiometabolic health is typically defined by a clus-
ter of suboptimal modifiable risk factors, including an 
unhealthy diet, high body weight, smoking, low physical 
activity, high blood pressure, fasting cholesterol, and fast-
ing blood glucose levels [1]. Identifying cardiometabolic 
health risk factors in young adulthood helps to prevent 
progression to cardiovascular disease (CVD) in middle 
age and older adults. Recent Australian data has shown 
a rise in the number of adolescents and young adults pre-
senting with multiple risk factors [2, 3]. Young adults are 
experiencing risk factors for CVD at an early age, which 
potentially signals a higher burden from CVD in future 
generations of Australian adults. Moreover, the percent-
age of 18 to 24-year-olds meeting vegetable intake rec-
ommendations has nearly halved—from 5.7% in 2011-12 
to 3.0% in 2022 [4, 5]. Dietary patterns low in plant foods, 
such as fruits, vegetables and legumes, as well as those 
high in red and processed meat and ultra-processed 
foods are known to increase risk of poor cardiometabolic 
health and CVD [6, 7].

Research suggests that people following plant-based 
diets, characterised by high intake of plant-based foods 
such as fruits, vegetables, and wholegrains, with little to 
no animal-sourced foods tend to be younger than omni-
vores [8–11]. Many adolescents and young adults are 
adopting plant-based dietary patterns for ethical, envi-
ronmental and financial reasons [12]. Dietary patterns 
adopted during adolescence and young adulthood are 
known to track into later life, impacting on cardiometa-
bolic health and CVD risk [13–15]. However, the many 
changing circumstances across this life stage, such as 
moving out of home or starting a family, can impact on 
the stability of dietary patterns during this time, which 
may translate to disparities in the development of poor 
cardiometabolic health in young adulthood. Therefore, 
there is a need to examine trajectories of plant-based 
dietary patterns across this formative life stage.

Despite emergence of studies using plant-based diet 
quality scores, most of these studies are cross-sectional, 
and longitudinal studies have used cohort data of older 
populations [16] and not adolescents or younger adults. 
Additionally, previous research has identified that 

sex-specific dietary patterns influence cardiovascular dis-
ease risk differently in men and women [17]. However, 
there is a lack of evidence from longitudinal studies in 
younger age groups stratified by sex, and cross-sectional 
associations do not reflect the importance of dietary 
changes over adolescence and into young adulthood. 
Additionally, few datasets are available which provide 
longitudinal dietary and health outcome data over this 
life period [18]. Hence, analysing dietary pattern trajec-
tories in males and females will provide valuable sex-spe-
cific insights into how diets affect cardiovascular health 
over time. Thus, the aim of this study was to explore 
trajectories of plant-based dietary patterns from adoles-
cence to young adulthood and investigate associations 
with cardiometabolic health markers in young Australian 
adults.

Methods
Study design and participants
This study was a secondary analysis of existing data from 
the Raine Study, details of which have been previously 
reported [19]. Briefly, the Raine Study is a multigenera-
tional cohort study which started with 2900 pregnant 
people (referred to as Generation 1 (Gen1)) who were 
recruited in Perth, Western Australia from 1989 to 1991. 
Gen 1 participants gave birth to 2868 children (Genera-
tion 2 (Gen2)), who have been followed at regular inter-
vals since. Written and informed consent was obtained 
from the Gen1 parent until their child (Gen2) turned 
18 years of age, at which point they provided their own 
consent. The follow-ups included assessment of dietary 
intake, body composition, cardiovascular and metabolic 
parameters, musculoskeletal health, and socio-economic 
factors among other measures [19]. This study was 
reported according to the Strengthening the Reporting 
of Observational Studies in Epidemiology—Nutritional 
Epidemiology (STROBE-nut) reporting guidelines [20] 
(Supplementary Table 1) and the Guidelines for Report-
ing on Latent Trajectory Studies (GRoLTS) checklist [21] 
(Supplementary Table 2). Ethics for the Raine Study was 
approved by the University of Western Australia (refer-
ence 2019/RA/4/20/5722).

circumference (β = 3.12 (95% CI 0.61, 5.63)), waist-to-height ratio (β = 0.02 (95% CI 0.01, 0.03)), insulin (β = 1.54 (95% 
CI 0.33, 2.76)), HOMA-IR (β = 0.35 (95% CI 0.07, 0.63)), and hypertension status (β = 6.60 (95% CI 1.04, 42.00)) when 
compared to the lower scoring uPDI group.

Conclusions  This study provides new insights into how plant-based diets track across adolescence into adulthood, 
impacting on cardiometabolic risk factors differently for males and females. Findings highlight the importance of early 
sex-specific interventions in adolescence to reduce future risk of cardiovascular-disease.

Keywords  Plant-based diet, Dietary patterns, Cardiometabolic health, Adults, Adolescence, Group-based trajectory 
modelling
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Dietary intake
Dietary data was reported by the participants at the 
Gen2-14, 17, 20, 22, and 27 year follow-ups. A semi-
quantitative food frequency questionnaire (FFQ) devel-
oped by the Commonwealth Scientific and Industrial 
Research Organisation (CSIRO) was used at the Gen2-
14 and Gen2-17 year follow-ups [22]. This question-
naire assessed food and nutrient intakes by collecting 
information about consumption frequency and serving 
size of 227 foods and beverages. From the Gen2-20 year 
follow-up onwards, a 74-item semi-quantitative Dietary 
Questionnaire for Epidemiological Studies (DQESV2) 
FFQ developed by the Cancer Council of Victoria was 
completed [23] as the CSIRO questionnaire was no lon-
ger available. The DQESV2 FFQ collected data on fre-
quency, consumption and serving sizes of foods and 
beverages and has been determined to be appropriate for 
use in young adults [23]. As the DQESV2 FFQ did not 
cover the same range of beverages as the CSIRO FFQ, a 
semiquantitative beverage questionnaire was also used at 
the Gen2-20 and Gen2-22 year follow-ups to assess addi-
tional beverages. This questionnaire included water, soft 
drinks, energy drinks, tea, and coffee, while the DQESV2 
FFQ included juice, milk, and alcohol. Estimates of serv-
ing sizes and consumption frequency were collected. Pre-
vious research has shown significant agreement between 
the FFQs [24, 25]. For the purposes of this study, the 
FFQs conducted at the Gen2-14, Gen2-20, and Gen2-27 
year follow-ups were included for analysis. This provided 
a six-to-seven-year gap between assessments, which 
enabled estimates of change over time, and highlighted 
differences across two distinct life stages of adolescence 
and adulthood. Diet misreporting was estimated using 
the Goldberg method and used as a categorical variable 
[26, 27].

Plant-based diet quality indices (exposure)
The three plant-based diet indices developed and vali-
dated by Satija et al. [28] were used to capture the over-
all quality of plant-based dietary patterns. These a priori 
indices calculated compliance to a plant-based diet index 
(PDI), a healthy plant-based diet index (hPDI), and a 
less healthy/unhealthy plant-based diet index (uPDI), 
with the calculation method outlined in Supplementary 
Table 3. These indices were selected as they positively 
score plant foods and negatively score animal foods, and 
also utilise epidemiological evidence to categorise plant 
foods and beverages as healthy or less healthy [29]. This 
provides a comprehensive assessment of the diet and 
accounts for nuances of a plant-based diet. To calculate 
these indices, the foods and beverages from the FFQ data 
were classified into 17 food groups that comprised of 
three categories: healthy plant-based foods, less healthy 
plant-based foods and animal foods. Vegetable oils were 

excluded from the calculation as this was not specifi-
cally analysed in the DQESV2 FFQ, and they have been 
excluded in previous studies using these indices [30–35]. 
Foods and beverages were categorised to the 17 food 
groups in alignment with the original publication and 
accounted for classification uniformity across the three 
FFQ timepoints. To ensure this, foods and beverage were 
cross-checked across the timepoints to ensure consistent 
classification. Additionally, classification rules were fol-
lowed throughout. For example, to assign the FFQ items 
to the food groups, all grains were assumed to be refined 
unless otherwise specified, and all solid fats such as but-
ter and margarine were assumed to be animal based. FFQ 
items such as water, alcohol, chocolate powders, condi-
ments, and added sugars were not included in the plant-
based diet quality score calculations as they were not 
included in the food groups classified by Satija et al. [28]. 
The intake of each food group (in serves based on the 
Australian standard serve size [36]) was ranked into sex-
specific population-based quintiles and given positive or 
reverse scores. The PDI was created by giving positive 
scores to all plant food groups and reverse scores to ani-
mal food groups. For positive scoring, participants who 
belong to the highest quintile of a food group received 
5, through to participants below the lowest quintile for a 
food group who received a score of 1. For reverse scores, 
those above the highest quintile received a score of 1 and 
those below the lowest quintile scored 5. The scores from 
the 17 foods groups were summed to generate a possible 
overall total between 17 and 85, where higher score indi-
cated closer alignment to a plant-based diet. Scores were 
presented as continuous values. To reconcile potential 
differences in the dietary intake methods, the plant-based 
diet quality index scores were standardised.

Cardiovascular health (outcomes)
Markers of cardiometabolic health recorded at the Gen2-
14 and Gen2-28 year follow-ups were included in the 
analysis. The outcome measures of interest were: waist 
circumference (cm), waist-to-height ratio (cm), total 
cholesterol (mmol/L), high-density lipoprotein (HDL) 
cholesterol (mmol/L), triglycerides (mmol/L), non-HDL-
cholesterol (mmol/L), total cholesterol to HDL cho-
lesterol (TC:HDL) ratio (mmol/L), glucose (mmol/L), 
insulin (mU/L), Homeostatic Model Assessment for Insu-
lin Resistance (HOMA-IR), systolic and diastolic blood 
pressure (mmHg), high-sensitivity C-reactive protein 
(hs-CRP) (mg/L) (all continuous), and a combined pre- 
hypertension/hypertension status (categorical). Trained 
research assistants collected height measurements using 
a stadiometer, and waist measurements were taken using 
a measuring tape across the belly button [37–40]. Resting 
blood pressure was taken in a seated position and mea-
sured using an inflatable cuff fitted around the right arm 
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[37–40]. Fasting blood samples were taken from the arm, 
and analysed for total cholesterol, HDL cholesterol, tri-
glycerides, glucose, insulin, and hs-CRP [37–40]. Insulin 
resistance was measured using HOMA-IR and calculated 
using the formula (insulin [mU/L] x glucose [mmol/L] 
/ 22.5) [37–40] and established cut-offs used for pre-
hypertension/hypertension status (normal range systolic 
(mmHg) < 140 and/or diastolic (mmHg) < 90, Grade 1 
range systolic (mmHg) 140–159 and/or diastolic (mmHg) 
90–99) [41].

Socio-demographic characteristics (covariates)
Directed acyclic graphs were constructed, and existing 
literature was considered to identify which covariates 
were appropriate for inclusion in the model (Supplemen-
tary Fig.  1). Sociodemographic confounders included 
parent ethnicity (both parents Caucasian, or other) and 
maternal education level (tertiary education or not) 
reported by Gen1 at Gen2-8 year follow-up [42]. Behav-
ioural confounders were collected via a questionnaire at 
the Gen2-14 year follow-up and comprised of smoking 
status (smoker or non-smoker), alcohol intake over the 
past 12 months (yes or no), hormonal contraceptive use 
(yes or no), and physical activity (low active or active) 
[43]. Physical activity was categorized using a previously 
published method which uses information relating to the 
physical activity completed inside and outside of school 
hours, with those in the lowest tertile scoring as “low 
active”, and the remaining tertiles assigned as “active” 
[26]. Covariates were tested for multicollinearity, and no 
potential evidence was found.

Statistical analysis
All Gen2 participants were eligible for inclusion in the 
analysis. Participants were excluded from the study if 
they (i) were pregnant at the Gen2-20, or Gen2-27 year 
follow-ups, or, (ii) did not complete at least two FFQs 
at the Gen2-14, Gen2-20, or Gen2-27 year follow-up, 
or, (iii) had hs-CRP values > 10  mg/L and a body mass 
index < 30  kg/m2 at the Gen2-28 year follow-up, or, iv) 
had missing data for outcomes, exposures, or covariates. 
The third exclusion criterion has been previously applied 
as an elevated hs-CRP in combination with a lower body 
mass index is indicative of acute inflammation [39, 44]. 
To test for differences between included and excluded 
participants, t-tests were used for continuous variables 
and Chi-Square tests used for categorical variables. To 
address variations in biology, risk factors, and existing 
evidence, the analysis was disaggregated by sex [45, 46]. 
Characteristics of the participants included for analysis 
were reported for all continuous and categorical variables 
at the Gen2-14 year follow-up, apart from maternal edu-
cation and ethnicity which were collected at the Gen2-8 
year follow-up. Mean and standard error were used to 

report normally distributed data, and median and inter-
quartile range (IQR) for skewed data. All plant-based diet 
quality index scores were calculated separately for each 
sex [47], and were normally distributed. Two samples 
t-tests were used to determine if there was a difference 
from the plant-based diet quality scores at the Gen2-14 
year follow-up, to the Gen2-27 year follow-up [48].

Group-based trajectory modelling allows these lon-
gitudinal dietary patterns to be characterized and clas-
sifies individuals into distinct groups based on their 
dietary changes across a specific timeframe [14]. Group-
based trajectory modelling of the plant-based diet index 
scores (PDI, hPDI, uPDI) were used to classify variation 
in consumption of the plant-based dietary pattern from 
the Gen2-14, Gen2-20, and Gen2-27 year follow-ups. 
To allow for comparisons across the indices, standardi-
sation (z-scores) of total plant-based diet quality index 
scores was applied before identifying the plant-based 
diet quality trajectory groups. Censored normal models 
were used, with a quadratic function of time was used 
due to the three time points available (age in years) as 
the independent variable and repeated measurements 
of plant-based diet quality index scores as the outcome 
variable. To determine the optimal number of groups for 
the analysis, models with 2 to 5 groups were tested and 
compared using: Bayesian information criterion (BIC) 
and the log Bayes Index, a minimum group membership 
of 5% for each trajectory group [49, 50]. The final models 
were chosen based on those with a higher entropy, and 
least negative BIC, indicating a greater fitting model [51] 
(Supplementary Table 4).

Crude (unadjusted) and multivariate (adjusted) linear 
regression models were used to evaluate the associations 
between trajectories of plant-based diet quality trajec-
tory groups and markers of cardiometabolic health at the 
Gen2-28 year follow-up, adjusted for age, energy intake, 
diet misreporting status, socio-demographic character-
istics (parent ethnicity, maternal education, smoking sta-
tus, alcohol intake, hormonal contraceptive use (females 
only), and physical activity), and cardiometabolic health 
markers all from the Gen2-14 year follow-up. P-val-
ues were used to gauge strength of the evidence, with 
p < 0.001 indicating very strong evidence, p < 0.01 strong 
evidence, p < 0.05 moderate evidence, and p ≥ 0.1 indi-
cating insufficient evidence [52]. Data analysis was per-
formed using STATA survey module (v18, STATA Corp., 
College Station, TX, USA) [49]. No adjustment was made 
for multiplicity as this was an exploratory analysis rather 
than hypothesis driven [53].

Sensitivity analysis
A sensitivity analysis excluding those who misreported 
energy across any of the FFQs was conducted to fur-
ther explore the effect of dietary misreporting on the 
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association [26]. To examine the sensitivity of results to 
the approach used to handle missing data, a second sensi-
tivity analysis was also explored with multiple imputation 
using chained equations to impute the missing covariate 
data (number of imputations = 20).

Results
Of the 2,868 Gen 2 participants, 2,451 were excluded 
due to missing data on dietary intake or did not meet the 
inclusion criteria, resulting in 417 participants (n = 201 
females, n = 216 males) included in the present analysis 
(Supplementary Fig. 2).

Participant characteristics at baseline
At the Gen2-14 year follow-up, participants had a mean 
age of 14 years (SD ± 0.19 females, SD ± 0.18 males), most 
were non-smokers (80% females, 85% males), with over 
half having consumed alcohol over the past 12 months 
(63% females, 56% males) (Tables  1 and 2). Most par-
ticipants had both Caucasian parents (88% females, 86% 
males), and mothers without tertiary education (60% 
females, 62% males). Over half of participants had an 
active physical activity level (65% females, 54% males), 
and only 3% of females reported hormonal contracep-
tive use. Participant characteristics included in the analy-
sis were comparable to those excluded (Supplementary 
Table 5).

From the Gen2-14 to the Gen2-27 year follow-
ups, mean plant-based diet quality scores for females 
increased, with a PDI of 49.23 (SD ± 5.28) at the Gen2-14 
year follow-up increasing to 51.26 (SD ± 5.87) and 50.67 
(SD ± 6.67) at the Gen2-20 and Gen2-27 year follow-
ups, respectively (possible range: 17 to 85) (Supplemen-
tary Table 6). Scores for the hPDI (14y: 49.51 (SD ± 7.68), 
20y: 52.24 (SD ± 8.42), 27y: 52.47 (SD ± 8.27)) increased 
over time, while uPDI scores decreased (14y: 52.77 
(SD ± 7.45), 20y: 51.83 (SD ± 7.15), 27y: 50.90 (± 7.78)). 
For males, mean PDI (14y: 49.15 (SD ± 6.14), 20y: 50.99 
(SD ± 6.75), 27y: 51.24 (SD ± 6.15)) and hPDI (14y: 49.44 
(SD ± 7.99), 20y: 51.84 (SD ± 7.90), 27y: 52.26 (SD ± 7.52)) 
scores increased over time, while uPDI scores decreased 
(14y: 52.88 (SD ± 7.18), 20y: 51.76 (SD ± 6.91), 27y: 51.41 
(SD ± 7.91)) (Supplementary Table 6). There was a statis-
tically significant difference between the plant-based diet 
quality scores from the Gen2-14 to the Gen2-27 year fol-
low-up for both males and females.

Trajectories of plant-based dietary patterns
After assigning people to their most probable plant-based 
diet quality trajectory groups, the percentages of people 
in each Group (Tables 1 and 2) were similar to the latent 
probabilities in Fig. 1.
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Females
Two trajectory groups were identified for each plant-
based diet quality index, differentiating low (Group 1) 
and high (Group 2) diet quality scores. Group 1 of the 
PDI (83.08%) had a slight but statistically significant 
increase in diet quality score over time (Fig. 1) (14y: 48.19 
(SD ± 4.90), 27y: 49.14 (± 5.98)), but remained below-
average throughout. PDI Group 2 participants (16.90%) 
had an above-average score at the Gen2-14 year follow-
up (54.35 (SD ± 3.99)), and a moderate increase over time 
(27y: 57.56 (SD ± 5.16)). For the hPDI, Group 1 partici-
pants (54.23%) had a slight increase in score over time 
(14y: 47.03 (SD ± 7.78)), 27y: 47.10 (± 6.24)), remaining 
below average at all time points. Group 2 (45.77%) had an 
increase in score over time (14y: 52.44 (SD ± 6.45), 27y: 
58.08 (± 6.14)) with the highest scores across all groups 
at the Gen2-20 and Gen2-27 year follow-ups, remain-
ing above average throughout. Contrastingly, both uPDI 
groups has statistically significant decreases over time. 
Group 1 (47.26%) scored below average throughout 
(14y: 48.41 (SD ± 6.47), 27y: 45.48 (SD ± 5.55)). Group 2 
(52.74%) had the highest initial score across all trajectory 
groups (14y: 56.67 (SD ± 5.97) 27y: 55.96 (SD ± 5.94)) and 
consistently scored above average.

Males
For males, two trajectory groups were also identified 
for each plant-based diet quality index. PDI Group 1 
(35.19%) participants had a slight increase in their score 
over time (14y: 45.17 (SD ± 5.00), 27y: 47.66 (SD ± 5.35)) 
but remaining below-average throughout. Group 2 of the 
PDI (64.81%) and had a small score increase over time 
(14y: 51.31 (SD ± 5.61), 27y: 53.28 (SD ± 5.63)) remain-
ing above average. Both PDI and hPDI groups had sta-
tistically significant changes in their score over time. 
Group 1 participants in the hPDI (50.00%) had below 
average scores which increased slightly over time (14y: 
44.74 (SD ± 6.42), 27y: 47.65 (SD ± 5.65)), while Group 2 
(50.00%) had above average scores that increased over 
time (14y: 54.14 (SD ± 6.52), 27y: 57.11 (SD ± 6.05)). Both 
uPDI had decreases in their score over time, with Group 
1 (56.94%) participants having a statistically significant 
decrease (14y: 49.55 (SD ± 5.93), 27y: 46.90 (SD ± 6.17)), 
remaining consistently below average. Group 2 (43.06%) 
remaining above average throughout (14y: 57.27 
(SD ± 6.30), 27y: 57.19 (SD ± 5.86)), and consistently had 
the highest scores across all the Gen2-14, Gen2-20, and 
Gen2-27 year follow-ups.

Trajectories of plant-based dietary patterns and 
cardiometabolic health
Supplementary tables 7 and 8 present the crude (unad-
justed) models, and Tables 3 and 4 present the multivari-
ate (adjusted) linear regression models.

O
ve

ra
ll

PD
I

hP
D

I
uP

D
I

G
ro

up
 1

Lo
w

G
ro

up
 2

H
ig

h
G

ro
up

 1
Lo

w
G

ro
up

 2
H

ig
h

G
ro

up
 1

Lo
w

G
ro

up
 2

H
ig

h
hs

-C
RP

 (m
g/

L)
, m

ed
ia

n 
(IQ

R)
0.

23
 (0

.1
7–

0.
66

)
0.

23
 (0

.1
7–

0.
57

)
0.

23
 (0

.1
7–

0.
76

)
0.

23
 (0

.1
7–

0.
59

)
0.

22
 (0

.1
7–

0.
80

)
0.

25
 (0

.1
7–

0.
61

)
0.

20
 (0

.1
7–

0.
70

)
Co

m
bi

ne
d 

pr
e-

 h
yp

er
te

ns
io

n/
hy

pe
rt

en
sio

n 
st

at
us

 
1,

 h  
N

or
m

al
21

1 
(9

7.
69

)
74

 (9
7.

37
)

13
7 

(9
7.

86
)

10
6 

(9
8.

15
)

10
5 

(9
7.

22
)

11
8 

(9
5.

93
)

93
 (1

00
.0

0)
 

G
ra

de
 1

 (m
ild

) h
yp

er
te

ns
io

n
5 

(2
.3

)
2 

(2
.6

3)
3 

(2
.1

4)
2 

(1
.8

5)
3 

(2
.7

8)
5 

(4
.0

7)
0 

(0
.0

0)
A

ll 
va

lu
es

 a
re

 n
 (%

) u
nl

es
s 

ot
he

rw
is

e 
sp

ec
ifi

ed
. P

D
I: 

pl
an

t-
ba

se
d 

di
et

 in
de

x,
 h

PD
I: 

he
al

th
y 

pl
an

t-
ba

se
d 

di
et

 in
de

x,
 u

PD
I: 

le
ss

 h
ea

lth
y 

pl
an

t-
ba

se
d 

di
et

 in
de

x,
 S

D
: s

ta
nd

ar
d 

de
vi

at
io

n,
 IQ

R:
 in

te
rq

ua
rt

ile
 r

an
ge

, a  C
ol

le
ct

ed
 a

t 
G

en
1-

8 
ye

ar
 fo

llo
w

-u
p,

 b  a
lc

oh
ol

 in
 p

as
t 1

2 
m

on
th

s,
 c  p

hy
si

ca
l a

ct
iv

it
y 

co
m

pl
et

ed
 in

si
de

 a
nd

 o
ut

si
de

 o
f s

ch
oo

l h
ou

rs
, d  O

ve
ra

ll:
 P

D
I: 

49
.1

5 
(±

 6
.1

4)
, h

PD
I: 

49
.4

4 
(±

 7.
99

), 
uP

D
I: 

52
.8

8 
(±

 7.
18

), 
e  O

ve
ra

ll:
 P

D
I: 

50
.9

9 
(±

 6
.7

5)
, h

PD
I: 

51
.8

4 
(±

 7.
90

), 
uP

D
I: 

51
.7

6 
(±

 6
.9

1)
, f  O

ve
ra

ll:
 P

D
I: 

51
.2

4 
(±

 6
.1

5)
*, 

hP
D

I: 
52

.2
6 

(±
 7.

52
)*

, u
PD

I: 
51

.4
1 

(±
 7.

91
)*

**
, g  G

ol
db

er
g 

cu
to

ff
s,

 h  N
or

m
al

 ra
ng

e 
sy

st
ol

ic
 (m

m
H

g)
 <

 14
0 

an
d/

or
 d

ia
st

ol
ic

 (m
m

H
g)

 <
 9

0,
 G

ra
de

 1
 ra

ng
e 

sy
st

ol
ic

 (m
m

H
g)

 
14

0–
15

9 
an

d/
or

 d
ia

st
ol

ic
 (m

m
H

g)
 9

0–
99

. *
in

di
ca

te
s p

 <
 0

.0
01

 d
iff

er
en

ce
 fr

om
 G

en
2-

14
 y

ea
r f

ol
lo

w
-u

p 
pl

an
t-

ba
se

d 
di

et
 q

ua
lit

y 
in

de
x 

sc
or

e,
 *

* i
nd

ic
at

es
 p

 <
 0

.0
1 

di
ffe

re
nc

e 
fr

om
 G

en
2-

14
 y

ea
r f

ol
lo

w
-u

p 
pl

an
t-

ba
se

d 
di

et
 q

ua
lit

y 
in

de
x 

sc
or

e,
 *

**
 in

di
ca

te
s 

p 
< 

0.
05

 d
iff

er
en

ce
 fr

om
 G

en
2-

14
 y

ea
r f

ol
lo

w
-u

p 
pl

an
t-

ba
se

d 
di

et
 q

ua
lit

y 
in

de
x 

sc
or

e

Ta
bl

e 
2 

(c
on

tin
ue

d)

 



Page 9 of 15Marchese et al. International Journal of Behavioral Nutrition and Physical Activity           (2025) 22:62 

Females
In the crude analysis, there was an association between 
the PDI and hPDI plant-based diet quality trajectory 
groups with several cardiometabolic health measure-
ments at the Gen2-28 year follow-up (Supplementary 
Table 7). After adjusting for potential confounders 
(Table  3), there was an association between the hPDI 
and uPDI trajectory groups with several cardiometabolic 
health measurements. The Group 2 hPDI (higher scor-
ing) trajectory group was inversely associated with insu-
lin (β = -1.11 (95% CI -2.12, -0.09)), HOMA-IR (β = -0.25 
(95% CI -0.48, -0.01)), systolic blood pressure (β = -2.75 
(95% CI -5.31, -0.19)), and hs-CRP (β = -1.53 (95% CI 
-2.82, -0.23)), and positively associated with HDL-cho-
lesterol (β = 0.13 (95% CI -0.03, 0.23)) when compared to 
Group 1 (lower scoring). Additionally, the association for 
waist-to-height ratio approached statistical significance 
(p-value 0.053). The Group 2 uPDI trajectory group was 
positively associated with triglycerides (β = 0.25 (95% CI 
0.10, 0.40)), TC:HDL ratio (β = 0.20 (95% CI 0.00, 0.40), 
and hs-CRP (β = 1.53 (95% CI 0.24, 2.83)) when compared 
to Group 1. No strong evidence was found between the 
PDI trajectory groups and the cardiometabolic health 
measurements.

Males
From the crude analysis there was an association between 
the uPDI trajectory groups with several cardiometabolic 
health measurements at the Gen2-28 year follow-up 
(supplementary Table 8). After adjusting for all potential 
confounders (Table 4), there was an association between 
the hPDI and uPDI trajectory groups with several cardio-
metabolic health measurements. Participants in Group 

2 of the hPDI had an inverse relationship with diastolic 
blood pressure (β = -2.01 (95% CI -3.98, -0.05)), and a 
positive association with total cholesterol (β = 0.26 (95% 
CI -0.02, 0.50)) when compared to Group 1. For Group 
2 uPDI participants, there was a positive association 
with waist circumference (β = 3.12 (95% CI 0.61, 5.63), 
waist-to-height ratio (β = 0.02 (95% CI 0.01, 0.03), insu-
lin (β = 1.54 (95% CI 0.33, 2.76), HOMA-IR (β = 0.35 (95% 
CI 0.07, 0.63), and hypertension status (β = 6.60 (95% CI 
1.04, 42.00) when compared to Group 1.

Sensitivity analysis
After participants were excluded for misreporting at any 
time point, 76 females, and 89 males were included for 
the sensitivity analysis. After adjusting for potential con-
founders (Supplementary Table 9), there was an associa-
tion for females between the uPDI trajectory groups with 
several cardiometabolic health measurements. Group 2 
of the uPDI was positively associated with waist circum-
ference (β = 5.07 (95% CI 0.14, 9.99)), waist-to-heigh ratio 
(β = 0.03 (95% CI 0.00, 0.06)), total cholesterol (β = 0.44 
(95% CI 0.11, 0.77)), triglycerides (β = 0.29 (95% CI 
0.06, 0.51)), non-hdl-c (β = 0.49 (95% CI 0.20, 0.78)) and 
TCHDL ratio (β = 0.39 (95% CI 0.08, 0.71)) when com-
pared to Group 1. As shown in Supplementary Table 
10, the analysis did not result in any strong associations 
being identified between the plant-based diet quality tra-
jectory groups and the cardiometabolic health measure-
ments for males

In the second sensitivity analysis, 248 females and 256 
males were included after imputing results for missing 
covariates (diet misreporting status, smoking status, alco-
hol intake over the past 12 months, maternal education, 

Fig. 1  Plant-based diet quality trajectory groups from Gen2-14 to Gen2-27 year follow-ups. (a) Females and PDI; (b) Females and hPDI; (c) Females and 
uPDI; (d) Males and PDI; (e) Males and hPDI; (f) Males and uPDI
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and energy intake at baseline). Associations were found 
for females across the hPDI and uPDI, consistent with 
the complete case analysis (Supplementary Table 11). 
Females in Group 2 of the hPDI were associated with 
HDL-cholesterol and hs-CRP when compared to Group 
1, as per the complete case analysis. For females in Group 
2 of the uPDI the same association was found for triglyc-
erides as per the complete case analysis, however positive 
associations were also found for waist-to-height ratio, 
insulin, and HOMA-IR. Contrary to the complete case 
analysis, associations were found for males across the PDI 
and hPDI (Supplementary Table 12). Males in Group 2 of 
the PDI were negatively associated with waist circumfer-
ence and waist-to-height ratio compared to Group 1. As 
per the complete case analysis, males in Group 2 of the 
hPDI were associated with total cholesterol and diastolic 
blood pressure, however the multiple imputation analysis 
also found a positive association with triglycerides.

Discussion
This study explored trajectories of plant-based dietary 
patterns from adolescence to young adulthood and 
investigated associations with cardiometabolic health 
using data from the Raine Study participants aged 14- to 
28-years of age. Three plant-based diet quality indices 
were used and several different sex-specific trajectory 
groups for dietary intake were identified. Plant-based 
diet quality trajectory groups were relatively stable over 
the life stages and groups remained either above or below 
average diet quality at all time points. Only the healthy 
and less healthy plant-based diet quality trajectory groups 
had associations with cardiometabolic health markers for 
both males and females. For females, the hPDI exhibited 
the greatest number of associations with CVD outcomes. 
Results showed those having higher scores also having 
lower insulin, HOMA-IR, systolic blood pressure, and 
hs-CRP, as well as higher HDL-cholesterol compared to 
those with lower hDPI scores. In contrast, for males the 
uPDI showed the greatest number of associations with 
CVD outcomes, but higher scoring participants had 
higher waist circumference, waist-to-height ratio, insulin, 
HOMA-IR, and hypertension status, compared to males 
with lower uPDI scores. This study provides new insights 
into how less healthy plant-based diets track across ado-
lescence into young adulthood, negatively impacting 
on cardiometabolic risk factors. Findings suggest that a 
plant-based diet alone may not suffice for health benefits; 
the quality of the foods consumed is also essential. Addi-
tionally, outcomes from this study highlight the impor-
tance of early intervention in adolescence to reduce 
future risk of CVD.

The present study identified that the hPDI exhibited 
the greatest number of associations with cardiometabolic 
health outcomes for females, while the uPDI had the Ta
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greatest number of associations for males. These included 
beneficial inverse associations for the hPDI with insulin, 
HOMA-IR, hs-CRP, and blood pressure. A previous lon-
gitudinal analysis of Australian young to mid-aged adults 
identified that the hPDI was associated with higher insu-
lin sensitivity, and that waist circumference mediated this 
pathway [54]. Additionally, US longitudinal data from 
the National Health and Nutrition Examination Survey 
(NHANES) identified both the PDI and hPDI were asso-
ciated with lower hs-CRP in mid aged adults, and the 
Nurses’ Health Study found an increase in hPDI score 
over time was inversely associated with hs-CRP [55, 56]. 
While cross sectional data of mid aged adults from Japan, 
China, the UK and the US reported that the hPDI was 
associated with lower blood pressure [57], but not the 
PDI, as per the results in this analysis. Moreover, analysis 
of three prospective cohort studies from the US reported 
the hPDI was associated with less weight gain over time, 
with less significant results found for the PDI [58]. How-
ever, there is a lack of research using other measurements 
such as waist-to-height ratio or percentage fat mass, and 
a lack of longitudinal evidence using younger age brack-
ets, with most research previously conducted using US 
data. Furthermore, the greater number of associations, 
as well as their strength and association directions found 
for the hPDI and uPDI compared to the PDI in this study 
also indicate the importance for future plant-based diet 
research to differentiate by the healthiness of the diet, 
compared to just differentiating between animal or plant-
based foods. As there is higher consumption of discre-
tionary or ultra-processed foods in younger age brackets 
[59], and an increase in the availability of UPF over recent 
years [60], this further highlights the need to distinguish 
between healthy and less healthy plant-based foods when 
examining diets in younger age groups.

Associations with cardiometabolic health outcomes 
varied between the sexes in this study. Previous research 
has identified that sex-specific dietary patterns influ-
ence cardiovascular disease risk differently in men and 
women [17]. A US study using NHANES data found 
that a “Western” dietary pattern high in animal-sourced 
foods was positively associated with serum insulin in 
adults [61], and a cross-sectional analysis identified the 
metabolic syndrome was associated with higher adher-
ence to an “unhealthy” dietary pattern in men, and to 
higher adherence to a “healthy” dietary pattern in women 
[62]. This aligns with the present study which identified, 
for males, being in the group with higher uPDI scores 
was positively associated with higher insulin. Females 
with a higher hPDI score from the present analysis also 
had associations with insulin, however their remaining 
associations were related to blood lipids and hs-CRP. A 
cross-sectional analysis of young Brazilian adults identi-
fied a “common Brazilian” dietary pattern was inversely Ta
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associated with total, LDL and HDL cholesterol in 
women [63], and a longitudinal analysis of the Cardio-
vascular Risk in Young Finns Study identified significant 
inverse associations between the “health-conscious” 
dietary pattern scores with total and LDL cholesterol, 
and inflammation in women but not men [64]. Under-
standing sex and gender differences in CVD prevalence 
and outcomes is complex [65]. Factors such as female 
sex hormones have been suggested as an explanation of 
blood pressure differences between males and females 
[65–67]. Additionally, metabolic differences such as 
fat distribution [68, 69] and insulin sensitivity [70, 71], 
alongside behavioural factors such as smoking [72, 73] 
and physical activity [74] may also contribute to the 
observed disparities in cardiovascular health across the 
sexes [65]. Thus, associations between dietary patterns 
and cardiometabolic health markers vary for males and 
females, and understanding these sex-based differences is 
important for more tailored prevention strategies in car-
diometabolic health.

Our study highlights the importance of maintaining 
a healthy diet over all life stages. Plant-based diet qual-
ity trajectory groups were relatively stable over the study 
period with groups remaining either above or below the 
average diet quality at all time points. Previous research 
using the Raine Study showed a less healthy “Western” 
dietary pattern in adolescence persisted into early adult-
hood, in particular for males who had greater stability 
in this pattern over time [75]. Conversely, a Norwegian 
study which followed participants from 14 to 30 years 
of age showed fruit and vegetable intake declined from 
adolescence to early twenties, before increasing to age 30 
[76]. A Canadian study which followed participants from 
8 to 34 years of age identified increasing adherence to 
vegetarian-style dietary patterns for both sexes over time 
and increasing scores for a less healthy “Western” dietary 
pattern for males only [77]. This suggests that healthy 
dietary behaviours in childhood and adolescence moder-
ately track into young adulthood. Similarly, an additional 
Canadian study which followed participants from 11 to 
18 years of age found dietary patterns worsened over this 
time [78]. A US study of 2,524 people followed from 15 
to 31 years of age found for both sexes that adherence 
to the Dietary Approached to Stop Hypertension index 
decreased from adolescence to early twenties, before 
improving to the early thirties [79]. Overall, they found 
that males had worse adherence to this index, and that 
across early adulthood the sex-based differences for 
the index increased in scale. However, few studies have 
included more than three dietary assessments time 
points [18] and, evidence assessing plant-based diets over 
this life period is limited. Ultimately, this study in com-
bination with previous evidence highlights the growing 
recognition of the importance of this transitional life 

stage, and identifies the importance of addressing poor 
dietary behaviours in early adolescence, to improve diet 
quality in young adulthood [80].

This study had several strengths. Firstly, longitudinal 
data was used, allowing several dietary assessments time 
points to be tracked in the same group of individuals 
from adolescence to young adulthood, of which few exist 
[18]. Additionally, to assess these dietary time points 
three validated plant-based diet quality indices were used 
which differentiated between the quality of the foods, 
rather than if they were solely plant or animal-based [29]. 
The cardiovascular health outcome data were objectively 
measured and not self-reported, reducing the risk of bias 
and measurements were collected a year after their last 
dietary assessment, avoiding potential reverse causality 
in the analysis.

There were also several limitations to the analysis. Dif-
ferent FFQs with different foods and beverages were 
administered over the analysis period. However, previ-
ous research has shown these are comparable at ana-
lysing diet over time [81]. Dietary assessments were 
self-reported and thus may have introduced mis-report-
ing biases. However, including energy misreporting in 
the main analysis, and conducting a sensitivity analy-
sis that excluded energy mis reporters at any time point 
mitigated this issue to some extent. Another limitation 
was the use of multiple testing which can increase the 
risk of Type I error. However, this was addressed by using 
appropriate statistical adjustments and interpreting the 
findings within the exploratory context of the analysis. 
Lastly, covariates were assessed from the Gen2-14 year 
follow-up, which means they may have changed over 
time and potentially influenced the outcomes. It is also 
important to acknowledge any unmeasured and residual 
confounding from other dietary, behaviour, or sociode-
mographic factors.

This study highlights some important considerations 
for future research and public health promotion. Future 
research could consider the use of a cardiometabolic risk 
score which may account for the interplay between vari-
ous risk factors, which may not be apparent when ana-
lysed individually. Additionally, while this analysis was 
sex-specific, future research including intersex people 
and separate analysis by gender is needed [82]. Moreover, 
the Raine Study Gen2 participants were not a nation-
ally representative population, and predominantly rep-
resented Caucasians, thus future research with more 
diverse populations is warranted. Lastly, as the nutrition 
transition from adolescence into adulthood is affected by 
a multitude of factors [83], future research should seek 
to understand the various drivers of adolescent food 
choices and how this then impacts nutritional intake in 
adulthood.
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Conclusions
This study identified that plant-based diet quality scores 
were relatively stable from adolescence into young adult-
hood, with participants remaining either above or below 
average diet quality at all time points. Plant-based diet 
quality trajectory groups, as well as associations with 
cardiometabolic health outcomes differed for males and 
females. The hPDI exhibited the greatest number of 
associations for females, all of which were beneficial for 
cardiometabolic health, while the uPDI had the greatest 
number of associations for males, with all resulting in 
poorer cardiometabolic health. These findings provide 
new insights into the dietary transition from adolescence 
to adulthood and highlight the importance of promot-
ing healthy dietary patterns at all life stages. Additionally, 
this research provides evidence of the need for sex spe-
cific research and early interventions in adolescence to 
reduce future risk of CVD.
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