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Abstract
Lifestyle score approaches combining individual lifestyle factors, e.g. favourable diet, physical activity or normal body weight, showed inverse associations
with cardiovascular disease (CVD) risk. However, research mainly focussed on adult behaviour and is scarce for vulnerable time windows for adult health
like adolescence. We investigated associations between an adolescent lifestyle score and CVD risk markers in young adulthood. Overall, we analysed 270
participants of the open DONALD cohort study with 1–6 complete measurements of five lifestyle factors (healthy diet, moderate-to-vigorous physical
activity, sedentary behaviour, sleep duration and BMI standard deviation score) during adolescence (females: 8⋅5–15⋅5 years and males: 9⋅5–16⋅5
years). Multivariable linear regression models were used to investigate the prospective association between the adolescent lifestyle score (0–5 points)
and CVD risk markers in young adulthood (18–30 years). On average, participants obtained a mean adolescent lifestyle score of 2⋅9 (0–5) points.
Inverse associations between the adolescent lifestyle score and waist circumference, waist-to-height ratio and percentage of body fat were observed
(4⋅1, 4⋅1 and 9⋅2 % decrease per 1 point increase in adolescent lifestyle score, respectively, P < 0⋅05). For the remaining CVD risk markers (glucose,
blood lipids, blood pressure and a proinflammatory score), no associations were observed. A healthy adolescent lifestyle is particularly associated with
CVD risk-related favourable anthropometric markers in adulthood. A more comprehensive understanding of lifestyle patterns in the life course might
enable earlier, targeted preventive measures to assist vulnerable groups in prevention of chronic diseases.
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Introduction

Associations between lifestyle factors and cardiovascular dis-
ease (CVD) risk are well known in adults. Studies investigating
lifestyle scores, i.e. combining individual lifestyle factors such
as adherence to a specific diet, physical activity, smoking
behaviour, alcohol consumption, body mass index (BMI)(1–4),
sleep quality, social activities(5,6) and screen time(7) contributed
in a promising way to the current evidence. As such, single fac-
tors are part of an overall lifestyle, which is often described as

the sum of health-related factors(8,9). Using a multidimensional
lifestyle pattern approach, various risk factors are simultaneously
considered as well as the interaction between them(10–12). When
considering such multidimensional patterns, cut-off values of
single score factors can be either based on established refer-
ences(13,14) or on population-specific cut-offs(15) and summed
up to an overall score. In a recent meta-analysis of twenty-two
cohort studies, adherence to a healthy lifestyle was associated
with a 66 % reduction in total CVD risk(12).
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Also for adolescence, current recommendations for different
lifestyle behaviours exist. Individuals are encouraged to eat a
healthy diet(16–18), have at least 60 min of moderate-to-vigorous
activity per day(19), less than 120 min of daily sedentary time(20),
a sleep duration according age-specific recommended hours(21)

or a healthy body composition(22). Adolescent lifestyle beha-
viours are important for health and disease in adulthood, as
behaviours established in adolescence might track into adult-
hood(23). Furthermore, it has been shown that a healthy diet
and a predominantly active lifestyle during adolescence have
an impact on various health outcomes in adulthood. Healthy
dietary patterns were associated with CVD risk markers such
as blood pressure(24,25), blood lipids(25,26) or clustered cardiome-
tabolic risk(27). In addition, several studies investigated the effect
of physical activity on cardiometabolic risk. Inverse associations
between a predominantly active lifestyle and body compos-
ition(28,29), and triglycerides have been found(30,31). The results
regarding sedentary behaviour (i.e. television watching or
video gaming) are more inconclusive, as some studies reported
inverse associations between a sedentary lifestyle and cardiome-
tabolic risk(32,33), whereas others reported no associations(30,34).
Moreover, short sleep duration was shown to be negatively
associated with CVD risk markers in a systematic review(35),
which was recently supported by a meta-analysis(36). An
unfavourable body composition during adolescence has been
shown to be positively associated with later risk of coronary
heart disease(37) or CVD(38). Consequently, an unhealthy diet,
inactivity, inadequate sleep duration or an unfavourable body
composition earlier in life may be maintained later in life, leading
to an increased risk of chronic diseases (24,26–33,35–38).
Up to now, only few studies analysed the relationship

between adolescent lifestyle patterns and cardiovascular out-
comes in adulthood(39,40). Thus, it seems relevant to develop
a lifestyle score for adolescents and to investigate its relation-
ship with health-related endpoints in later life.
Therefore, the aim of the present study was (1) to construct

a hypothesis-based lifestyle score for adolescents including
diet, physical activity, sedentary behaviour, sleep duration
and body composition, and (2) to investigate the relationship
between the adolescent lifestyle score and CVD risk markers
in early adulthood.

Research design and methods

Study design

The DOrtmund Nutritional and Anthropometric
Longitudinally Designed (DONALD) Study is an ongoing
open cohort study going back to 1985. A detailed study descrip-
tion has been published elsewhere(41). Repeated annual assess-
ments and examinations in childhood and adolescence are
conducted and continued in young adulthood. Data on dietary
intake, anthropometry and physical activity are collected annu-
ally. For adult participants (≥18 years), a fasting blood sampling
is taken in addition to the routine assessment with medical
examination every 5 years. 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

Ethics Committee of the University of Bonn (ethics numbers:
098/06 and 185/20). Written informed consent was obtained
from study participants or parents.

Study population

For the present analysis, participants with at least one measure-
ment of all considered lifestyle factors during adolescence
(females: 8⋅5–15⋅5 years and males: 9⋅5–16⋅5 years) and
anthropometric and blood measurements of CVD risk mar-
kers during adulthood (18–30 years) were selected (n 290).
Participants were not included if they were pre-term or post-
term (<36, or >42 gestation week, respectively, n 8), part of
multiples (n 7) or had a low birth weight (<2500 g, n 3),
thus sample size was reduced to n 272. In addition, partici-
pants with missing confounding variables were excluded
(n 2), resulting in a sample size of 270 participants.

Assessment of lifestyle variables

Three-day weighed dietary records (3dWR) were used to col-
lected dietary intake. Participants were asked to weigh all
foods, dishes and beverages consumed over a 3-d period. If
weighing was not possible, data were recorded using household
measures. Using the in-house database LEBTAB(41,42), food
group intake was calculated. For each 3dWR, a mean value
for consumed foods and beverages in g/d was calculated.
When dividing g/d by age-dependent serving sizes
(Supplementary Table S1) in grams/serving, the number of
serving/d results. Data from 3dWR were checked for possible
underreporting. Participants were classified as ‘potential under-
reporters’ if they reported energy intakes at more than half of
the available 3dWR that were inconsistent with basal metabolic
rates calculated on the basis of Schofield’s sex- and age-specific
equations(43) and Goldberg’s energy intake thresholds(44).
Moderate-to-vigorous physical activity (MVPA) was

assessed since 2004 via the interviewer-based, validated
Adolescent Physical Activity Recall Questionnaires, which
included questions on organised and unorganised activities
with their duration and frequency(45). Sedentary behaviour
was assessed via a questionnaire, which was used in the nation-
wide Children and Youth Survey of the Robert Koch Institute
and included questions on duration and frequency of seden-
tary activities during weekdays and on the weekend(46–48).
If the value for the weekend was missing, the value of the
weekday was used and vice versa. Daily sleep duration was
recorded via a questionnaire. To calculate BMI (kg/m2),
trained nurses measured weight (kg) and height (m) annually
without shoes and wearing underwear only. BMI was calcu-
lated as the weight (kg) divided by the square of height (m2).
BMI SDS (standard deviation score) was calculated using the
national age- and sex-specific BMI percentiles(22).

Development of the adolescent lifestyle score in the DONALD
study

We developed an adolescent lifestyle score based on five life-
style factors, i.e. diet, calculated as individual means of the

2

journals.cambridge.org/jns
ht

tp
s:

//
do

i.o
rg

/1
0.

10
17

/jn
s.

20
21

.8
4 

Pu
bl

is
he

d 
on

lin
e 

by
 C

am
br

id
ge

 U
ni

ve
rs

ity
 P

re
ss

https://doi.org/10.1017/jns.2021.84


3dWR, duration of MVPA, sedentary behaviour and sleep,
and BMI SDS. ‘Healthy diet’ was based on six food groups,
namely fruits, vegetables, whole grains, sugar-sweetened bev-
erages, fish and red meat. A score of 0 or 1 was assigned
for each lifestyle factor, whereby 1 point was given when the
recommendation was completely fulfilled and 0 when not
(Table 1). Additional information can be found in
Supplementary material S1.
Individual factor scores were then summed up to an overall

score ranging from 0 to 5 points, with higher scores indicating
a healthier lifestyle. For the lifestyle score during adolescence,
the mean value of yearly lifestyle scores was calculated.
To investigate plausibility of the score, we calculated age-

and sex-adjusted trends of single lifestyle factors across tertiles
of the lifestyle score. As expected, the higher the adolescent
lifestyle score, the more fruit, vegetables and whole grains as
well as less sugar-sweetened beverages and red meat were con-
sumed (Ptrend <0⋅0001). In addition, a higher adolescent life-
style score was associated with a longer duration of MVPA
and sleep, less time spent sitting and a healthier BMI SDS
(Ptrend <0⋅0001). More in-depth information can be found in
Supplementary material S2 and Table S2.

Assessment of CVD risk markers

CVD risk markers included (1) anthropometric markers (waist
circumference (WC), waist-to-height ratio (WHtR), percentage
of body fat (%BF), systolic blood pressure, diastolic blood
pressure), (2) metabolic markers (glucose, cholesterol,
HDL-C, LDL-C, triglycerides) and (3) a proinflammatory
score combining different biomarkers of inflammation
(C-reactive protein (CRP), interleukin (IL)-6, IL-18, adiponec-
tin and leptin). These CVD risk markers were assessed as
described before(49–55). Parameters such as height and weight,

WC and skinfold thickness as well as blood pressure were
measured as described previously(41,56). WHtR (WC divided
by height) as well as %BF from four skinfolds according to
Durnin and Womersley were calculated(57). As a combination
of multiple inflammatory markers might be more predictive
than considering individual markers of inflammation(58), we
decided to analyse a proinflammatory score as described pre-
viously(50,51). Therefore, we standardised all inflammatory
parameters by sex (mean = 0, SD = 1), multiplied the anti-
inflammatory marker adiponectin with −1 to have the proin-
flammatory effect, and averaged all.

Assessment of additional variables

Gestational and birth parameters such as pregnancy duration
(weeks), birth size (cm), birth weight (g) and mother’s weight
gain during pregnancy (kg) were collected at the child’s admis-
sion to the study via a German standardised pregnancy docu-
ment (“Mutterpass”). Breastfeeding duration (weeks) was
recorded via repeated parental interviews during the first
year of life. Additionally, parents were interviewed on socio-
economic characteristics such as education, employment and
smoking status at regular intervals. Maternal overweight
(BMI≥ 25 kg/m2) and participants’ BMI in adulthood were
measured every 4 years with the same procedure as for the
participants in adolescence. Age at outcome assessment and
time between measurement of the score and the risk variables
were also taken into account.

Statistical analysis

Participants were classified into tertiles according to their ado-
lescent lifestyle score to provide a descriptive characterisation
of the study participants. Continuous variables were presented
as median ± IQR and categorical variables as relative frequen-
cies (%), if not stated otherwise. Trends across the tertiles of
the adolescent lifestyle score were tested using age- and sex-
adjusted linear regression models.
Not normally distributed outcome variables were log-

transformed. For the interpretation of the results, log-
transformed variables were back transformed [(exp
(ß-estimate)− 1) * 100] to show the percentage change of
the dependent variable. A log transformation of the proinflam-
matory score is not possible due to its values in the negative
range. Therefore, we have divided the proinflammatory
score into tertiles, with participants in the lowest tertile having
the lowest proinflammatory status. Outliers that significantly
disturb the normal distribution of the residuals were replaced
by the sex-specific value that most closely resembles the distri-
bution. This affected 1 % of the inflammatory biomarkers.
We conducted several analyses to examine the associations

between the adolescent lifestyle score and CVD risk markers
using multivariable linear regression models. We did not strat-
ify our analysis by sex, because no significant interaction of the
adolescent lifestyle score and sex was observed for any CVD
risk marker (P > 0⋅05). First, we used the adolescent lifestyle
score as a continuous variable. The basic model was adjusted
for sex and age at outcome assessment. The multivariate

Table 1. Lifestyle factors and scoring system of the lifestyle score

Lifestyle factor and scoring criteria Points Recommendation

Overall score 0–5

Healthy diet DGE(16), USDA(17), WHO(18)

0–2 food groups/d 0

3–6 food groups/d 1

MVPA WHO(19)

<60 min/d 0

≥60 min/d 1

Sedentary behaviour Graf et al.(20)

8⋅5–11 years: >60 min/d

12–16⋅5 years: >120 min/d

8⋅5–11 years: ≤60 min/d 0

12–16⋅5 years: ≤120 min/d 1

Sleep duration AASM(21)

8⋅5–12 years: <9 and >11 h/d

13–16⋅5 years: <8 and >10 h/d

8⋅5–12 years: 9–11 h/d 0

13–16⋅5 years: 8–10 h/d 1

BMI SDS Kromeyer-Hauschild et al.(22)

Overweight or underweight 0

Normal weight 1

DGE, German Nutrition Society; USDA, United States Department of Agriculture;

WHO, World Health Organisation; MVPA, moderate-to-vigorous physical activity;

AASM, American Academy of Sleep Medicine; BMI, body mass index; SDS, stand-

ard deviation score.
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adjusted model included potential influencing covariates,
which considerably modified the predictor-outcome associa-
tions (change in ß-estimates ≥10 %)(59). These were smoking
status in the household (never/former/current), exclusive
breastfeeding for ≥4 month (yes/no), birth size (cm), maternal
overweight (kg/m2) and time between measurement of the
score and the risk variables (years). In addition, we calculated
a conditional model including additionally participants’ BMI in
adulthood to examine whether the observed associations may
partly be explainable by adulthood body composition. Second,
we calculated five modified lifestyle scores based on only four
lifestyle factors instead of five, omitting one factor at a time. In
this analysis, we adjusted the multivariate adjusted model add-
itionally for the omitted lifestyle factor. To limit the possibility
of false positive results, we adjusted P-values for multiple test-
ing by controlling the false discovery rate at 5 % according to
the Benjamini–Hochberg approach(60). Depending on data
availability, we analysed 263 participants with anthropometric
risk markers, 228 participants with metabolic risk markers
and 154 participants with a proinflammatory score. Power cal-
culations based on partial correlation coefficients indicated that
the sample size was large enough to detect associations
between exposure and anthropometric risk markers with a
power of 98 %. For metabolic risk markers and the proinflam-
matory score, statistical power was between 18⋅3 and 58⋅4 %.
Additional sensitivity analyses in subsamples of participants

who provided (1) at least two measurements of each lifestyle fac-
tor (n 250) and (2) participants who were not considered as
potential underreporters (n 244) were performed. All statistical
analyses were performed using SAS (Version 9.4; Cary, NC,
USA). Statistical significance was defined as a P-value < 0⋅05.

Results

Descriptive characteristics of all 270 participants are shown in
Table 2. Slightly more than half of the participants were male
(52 %). The overall mean adolescent lifestyle score of all study
participants was 2⋅9 (0–5) points. Participants with a higher
adolescent lifestyle score were more likely to have higher con-
sumption of fruits, vegetables as well as wholegrain, lower
consumption of sugar-sweetened beverages and red meat,
were more active and had a normal body weight. Additional
information on participants’ reference fulfilment can be
found in Supplementary Table S3.
Table 3 shows the percentage change (and 95 % confidence

interval) of different CVD risk makers per 1 point increase in
the adolescent lifestyle score. After adjustments of the multi-
variate adjusted model, inverse associations were observed
between adolescence lifestyle score and WC (−4⋅1 % [−5⋅9,
−2⋅3 %], P = 0⋅0006), WHtR (−4⋅1 % [−5⋅9, −2⋅3 %], P =
0⋅0004) and %BF (−9⋅2 % [−13⋅1, −5⋅1 %], P = 0⋅0008) in
young adulthood. After the additional inclusion of adulthood
BMI (conditional model), the associations were no longer
significant.
Modified lifestyle scores without either diet, MVPA, seden-

tary behaviour and sleep duration showed significant associa-
tions with WC, WHtR and BF (Table 4, P < 0⋅05). For the
lifestyle score without BMI SDS, no association with WC,

WHtR and BF was found (P > 0⋅05). For the remaining
CVD risk markers (blood pressure, glucose, blood lipids and
the proinflammatory score), no association was found for
any of the modified lifestyle scores, apart from LDL. The life-
style score without MVPA is inversely associated with LDL
(−8⋅7% [−14⋅6, −2⋅4%], P = 0⋅0345).

Sensitivity analysis

Our sensitivity analyses with participants (1) who had at least
two measurements of all lifestyle factors (n 250) and (2) those
who provided more correct than potentially underreported
reported 3dWR (n 244) yielded results comparable to those
obtained with the entire sample (n 270) (Supplementary
Tables S4 and S5).

Discussion

Our findings indicate that a healthy lifestyle consisting of the
five factors favourable diet, physical activity, sedentary behav-
iour, sleep duration and body weight during adolescence was
inversely associated with WC, WHtR and %BF in young adult-
hood. No association with other CVD risk markers was
found, emphasising the role of anthropometrical factors in
these age groups. In addition, results of the conditional
model indicate that BMI in adulthood plays a major role
when analysing CVD risk markers in young adulthood.
To our knowledge, only few studies have investigated the

association between combined lifestyle factors in early life
and CVD risk markers in later life. In 2012, Laitinen and col-
leagues have examined to what extent the combination of four
health-related behaviours (smoking, BMI, MVPA and diet)
and three health factors (cholesterol, blood pressure and glu-
cose) in adolescent participants influence cardiovascular out-
comes in adulthood. To quantify ideal cardiovascular health,
the authors applied recommendations of the American
Heart Association(61). Adherence to the recommendations of
the American Heart Association between 12 and 18 years
reduced the risk of having hypertension, high LDL cholesterol,
metabolic syndrome and high intima-media thickness in adult-
hood(39). In addition, Meyer and colleagues studied the com-
bined impact of negative lifestyle factors in childhood and
concluded that every additional negative lifestyle factor was
associated with an increasing risk of an unfavourable cardiovas-
cular risk profile(40). Lifestyle behaviours analysed were obesity,
inactivity, little time spent outdoors, skipping breakfast, high
media consumption, and parental overweight, inactivity and
smoking behaviour. These results together with our findings
indicate the considerable relevance of a healthy lifestyle in
adolescence for cardiovascular health in adulthood.
The single lifestyle factors considered in our analysis have

already been individually linked to anthropometric markers
in the literature. For instance, adherence to a healthy dietary
pattern has been associated with a lower WC(62) and lower
quantity of body fat(63). In addition, regular intense physical
activity was associated with both lower %BF(30,64), a more
favourable WC(34) and a lower WHtR(64). Furthermore, short
sleep duration was inversely associated with WC and %
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BF(35,36). The associations between obesity markers and indi-
vidual(30,34–36,62–64) as well as combined lifestyle factors as in
our study, underline the importance of diet, activity and
sleep in relation to CVD risk markers.
Several studies analysed the relationship between different

aspects of a healthy diet(25–27,49,65–67), physical fitness(28,29,34),
sleep duration(35,36) or body composition(37,38,68) in adoles-
cence and CVD risk markers in later life. There is robust evi-
dence that a healthy diet in adolescence is related to
cardiovascular health later in life(25–27). We decided to include

the factors fruits and vegetables(65), whole grain(49,66)

sugar-sweetened beverages(67), fish(69), and red meat and sau-
sages(70) in our lifestyle score because these factors seem to
play a major role in the maintenance of cardiovascular health.
Furthermore, we included MVPA and sedentary behaviour as
these measurements were largely used across the literature to
determine the relationship between adolescent physical fitness
and later CVD risk(28,29,34). In addition, several cross-sectional
studies on adolescent physical activity(71–73) or sedentary
behaviour(32,33,71) underline the importance of those factors

Table 2. Basic characteristicsa of the 270 study participants across tertiles of the adolescent lifestyle score

T1 (2⋅0 [0–2⋅6]) T2 (2⋅9 [2⋅6–3⋅2]) T3 (3⋅7 [3⋅3–5]) Ptrend
b

Age at blood withdrawal (years)c 19⋅8 (18⋅0–29⋅8) 19⋅7 (18⋅0–28⋅0) 19⋅6 (18⋅0–28⋅7) 0⋅71
Age difference exposure – outcome 5⋅8 (2⋅0) 6⋅0 (3⋅5) 6⋅0 (2⋅9) 0⋅67
Male participants (%) 53⋅3 50⋅0 43⋅3 0⋅68
Baseline parameters

Birth size (cm) 52 (3) 52 (3) 52 (3) 0⋅62
Parental education (>12 years, %) 65⋅2 77⋅3 75⋅6 0⋅13
Smoking household (yes, %) 21⋅7 17⋅1 12⋅2 0⋅10
Exclusive breastfeeding (>4 month, %) 69⋅6 69⋅3 74⋅4 0⋅49
Maternal overweight (yes, %) 46⋅7 39⋅8 27⋅8 0⋅0090
Potential underreporter (%) 18⋅5 6⋅8 3⋅3 0⋅0003
≥2 lifestyle assessments (%) 92⋅4 89⋅8 95⋅5 0⋅48

Dietary intake and lifestyle during adolescence

Fruits (g/d) 236⋅4 (191⋅5) 268⋅4 (189⋅3) 356⋅9 (276⋅3) <0⋅0001
Vegetables (g/d) 106⋅8 (88⋅0) 107⋅1 (74⋅2) 127⋅1 (80⋅9) 0⋅0027
Whole grain (g/d) 27⋅0 (35⋅9) 29⋅3 (40⋅8) 48⋅6 (50⋅9) <0⋅0001
Sugar-sweetened beverages (g/d) 228⋅8 (368⋅1) 164⋅2 (289⋅9) 102⋅4 (165⋅7) 0⋅0007
Fish (g/d) 10⋅6 (25⋅8) 13⋅8 (20⋅3) 13⋅0 (23⋅0) 0⋅89
Red meat and sausages (g/d) 79⋅3 (57⋅0) 73⋅2 (44⋅4) 67⋅9 (43⋅2) 0⋅0004
MVPA (min/d) 50⋅3 (40⋅4) 67⋅4 (27⋅8) 75⋅4 (34⋅8) <0⋅0001
Sedentary behaviour (min/d) 182⋅4 (60⋅7) 160⋅6 (64⋅3) 124⋅3 (51⋅4) <0⋅0001
Sleep duration (h/d) 8⋅5 (1⋅0) 9⋅0 (0⋅8) 8⋅9 (0⋅6) 0⋅0003
BMI SDS 0⋅7 (1⋅9) 0 (1⋅1) −0⋅1 (1⋅0) <0⋅0001

MVPA, moderate-to-vigorous physical activity; BMI, body mass index; SDS, standard deviation score. Values displayed in bold are significant at 0.05 significance level.
a Data shown as median (interquartile range) or relative frequency (%).
bPtrend was calculated using age- and sex-adjusted linear regression models.
c Mean (Min−Max).

Table 3. Associations between adolescence lifestyle score and CVD risk markers in young adulthooda

Basic model Multivariate adjusted model Conditional Model

n ß (95 % CI) P-valueb ß (95 % CI) P-valueb ß (95 % CI) P-valueb

Anthropometric markers

Waist circumference (cm) 263 −4⋅7 (−6⋅5, −3⋅0) <0⋅0001 −4⋅1 (−5⋅9, −2⋅3) 0⋅0001 0⋅1 (−0⋅8, 1⋅0) 0⋅95
Waist-to-height ratio 263 −4⋅9 (−6⋅6, −3⋅2) <0⋅0001 −4⋅1 (−5⋅9, −2⋅3) 0⋅0001 0 (−0⋅9, 0⋅9) 0⋅98
Body fat content (%) 263 −11⋅3 (−15⋅1, −7⋅3) <0⋅0001 −9⋅2 (−13⋅1, −5⋅1) 0⋅0002 −1⋅3 (−4⋅3, 1⋅8) 0⋅75
Systolic blood pressure (mmHg) 263 −1⋅4 (−2⋅6, −0⋅1) 0⋅15 −1⋅3 (−2⋅6, 0⋅1) 0⋅21 −0⋅9 (−2⋅3, 0⋅5) 0⋅45
Diastolic blood pressure (mmHg) 263 −0⋅8 (−2⋅6, 1⋅0) 0⋅72 −0⋅6 (−2⋅5, 1⋅3) 0⋅83 0⋅2 (−1⋅8, 2⋅2) 0⋅95

Metabolic markers

Fasting plasma glucose (mg/dl) 228 −0⋅1 (−2⋅4, 2⋅2) 0⋅94 0⋅2 (−2⋅1, 2⋅7) 0⋅95 0⋅6 (−1⋅8, 3⋅2) 0⋅88
Total cholesterol (mg/dl) 228 −2⋅3 (−5⋅6, 1⋅2) 0⋅45 −1⋅7 (−5⋅1, 1⋅8) 0⋅68 −1⋅4 (−5⋅0, 2⋅2) 0⋅76
HDL cholesterol (mg/dl) 228 0⋅4 (−3⋅2, 4⋅2) 0⋅95 0⋅7 (−3⋅1, 4⋅6) 0⋅95 −1⋅1 (−4⋅9, 2⋅8) 0⋅85
LDL cholesterol (mg/dl) 228 −6⋅3 (−11⋅1, −1⋅1) 0⋅08 −5⋅6 (−10⋅6, −0⋅2) 0⋅16 −4⋅6 (−9⋅9, 1⋅0) 0⋅29
Triglycerides (mg/dl) 228 −0⋅4 (−8⋅2, 8⋅0) 0⋅95 −0⋅7 (−8⋅7, 8⋅0) 0⋅94 2⋅6 (−5⋅9, 11⋅7) 0⋅85

Inflammation

Proinflammatory scorec 154 −0⋅16 (−0⋅35, 0⋅02) 0⋅24 −0⋅12 (−0⋅31, 0⋅07) 0⋅45 −0⋅02 (−0⋅19, 0⋅16) 0⋅95

Associations were analysed using multiple linear regression. Basic model: adjusted for age and sex; Multivariate adjusted model: Basic model + additionally adjusted for parental

education, smoking in the household, exclusive breastfeeding, birth size, maternal overweight and time between measurement of the score and the risk variables; Conditional

model: Multivariate adjusted model + additionally adjusted for BMI in adulthood. Values displayed in bold are significant at 0.05 significance level.
a Log-transformed ß values were back transformed.
b Adjusted for multiple testing by Benjamini–Hochberg approach.
c Data are shown as change in tertiles of the proinflammatory score per 1-point increase in the lifestyle score.
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in relation to cardiovascular health. As the fourth lifestyle fac-
tor, we included sleep. Recent literature has confirmed that
shorter sleep duration is associated with increased risk markers
of CVD(36), particularly obesity markers(35,74). We decided to
include BMI as part of our lifestyle score, even though BMI
might be a consequence of lifestyle rather than a lifestyle fac-
tor. To understand the role of each lifestyle factor in adoles-
cence fully, we constructed a modified lifestyle score with
only four instead of five lifestyle factors and adjusted the mul-
tivariable adjusted model additionally for the omitted lifestyle
factor. The results of the regression models showed that a life-
style score without BMI SDS was not associated with the
anthropometric variables WC, WHtR and %BF, but lifestyle
scores without either diet, MVPA, sedentary behaviour or
sleep duration were associated with WC, WHtR and %BF.
Together with our knowledge that associations between the
adolescent lifestyle score and WC, WHtR and %BF were no
longer significant after adjusting for BMI in adulthood
(Table 3, Conditional model), the important role of BMI
across the lifespan for later CVD risk was pointed out.
Thus, our results indicate that BMI might be an important
aspect to consider when investigating the effect on CVD risk.
Scoring systems of combined lifestyle approaches can be

based either on the distribution in the underlying population
(e.g. median, tertiles) or on references, or even on a combin-
ation of both. We did not use population-specific cut-offs
because they may limit the comparability with other studies.
When reference-based cut-offs are used, they are independent
of the underlying population and results from different studies
are easily comparable. However, it may happen that the
reference-based cut-offs outdate some day and novel refer-
ences or recommendation levels exist. To the best of our
knowledge, we used up-to-date references.

Strengths and limitations

One of the major strengths of our work is the prospective
design of the DONALD study with a follow-up that entails
repeated measurements on the same individual. Data on diet-
ary intake was repeatedly measured with 3dWR(42). Due to the
self-reported data on dietary intake, underreporting was pos-
sible. However, when we excluded underreporters, results of
our sensitivity analysis were mainly similar. Furthermore, the
questionnaire for MVPA was validated and has been used in
a large German survey(45–48). However, measurement error
might result due to self-reported data. Nevertheless, any mis-
classification might be random and the questionnaire can be
considered as reliable sources of information. Furthermore,
availability of prospectively collected data on several important
potential confounders, i.e. early life parameters, anthropomet-
ric variables and socio-economic factors of parents strength-
ened our analyses. Moreover, results from the sensitivity
analyses were largely consistent. In addition, false discovery
rate was used to account for multiple testing and therefore
the possibility of false positive results was limited. Lastly, the
score used is transferable to other populations as we have
used established national and international cut-offs for all
score factors instead of population-based cut-offs.

Nevertheless, there are some limitations. Since there is no
uniform definition of lifestyle in the literature, analysing life-
style patterns might be challenging(75,76). Even though a couple
of lifestyle factors were included, additional factors such as
daily screen time or social contacts might be of interest. Due
to the lack of data on these factors, the inclusion of those vari-
ables was not possible. In addition, the questionnaire for sed-
entary behaviour has not yet been validated, however, used in
a nationwide cohort(46–48). Some misclassification with regard
to categorisation of individual sedentary behaviour is therefore
possible. We were not able to conduct a confirmation analysis
in an independent study population and therefore used
DONALD participants without CVD risk marker measure-
ments (n 265) separately and together with participants with
available CVD risk markers (overall n 518). Results showed
that the lifestyle score was suitable to describe the lifestyle in
adolescence. Additionally, we would not expect the developed
lifestyle score to misrepresent actual lifestyle, because it is a
hypothesis-based score based on national and international
recommendations(16–22) instead of an exploratory lifestyle
score. Based on the available data, we analysed a convenience
sample within the DONALD study. A generalisation of the
results to the general population might be limited. In addition,
the participants of the DONALD study have a high socio-
economic status compared with the general German popula-
tion(41), which further limits the generalisability of the obtained
results. Furthermore, the high socio-economic status might
indicate that participants with a very unhealthy lifestyle or
high CVD risk, might not be included in the DONALD
study. Although our sample is quite homogeneous, which
minimises residual confounding, confounding caused by
unmeasured covariates, such as family history of CVD,
remains possible. These factors may lead to the assumption
that the association between the combined adolescent lifestyle
score and CVD risk in young adulthood might have been
underestimated.

Conclusion

In conclusion, the results of the present study showed that a
combination of lifestyle factors (diet, MVPA, sedentary behav-
iour and sleep duration, and BMI SDS) in adolescence were
inversely associated with WC, WHtR and %BF in German
young adults. Special attention should be given to the factor
BMI SDS, which seems to play a prominent role in the context
of CVD risk markers. For better understanding of the relation-
ship between health-related behaviours and disease occur-
rence, further studies that include multiple lifestyle factors
on the one hand, and investigate their effect throughout the
life course, on the other hand, are warranted. A comprehen-
sive understanding would enable early and individually tar-
geted preventive measures for vulnerable individuals.

Supplementary material

The supplementary material for this article can be found at
https://doi.org/10.1017/jns.2021.84.
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