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Lifestyle Changes in Young Adulthood and Middle Age and Risk of
Cardiovascular Disease and All-Cause Mortality: The Doetinchem
Cohort Study
Gerben Hulsegge, MSc; Moniek Looman, MSc; Henri€ette A. Smit, PhD; Martha L. Daviglus, MD, PhD; Yvonne T. van der Schouw, PhD;
W.M. Monique Verschuren, PhD

Background-—The associations between overall lifestyle proﬁle and cardiovascular disease (CVD) and death have been mainly
investigated in cross-sectional studies. The full beneﬁts of a healthy lifestyle may therefore be underestimated, and the magnitude
of beneﬁts associated with changes in lifestyle remains unclear. We quantiﬁed the association of changes in lifestyle proﬁles over
5 years with risk of CVD and all-cause mortality.
Methods and Results-—Lifestyle factors (ie, diet, physical activity, smoking, alcohol consumption) and body mass index were
assessed and dichotomized as healthy/unhealthy among 5263 adults ages 26 to 66 in 1993–1997 and 5 years later (1998–
2002). Multivariable-adjusted hazard ratios (HRs) and corresponding 95% conﬁdence intervals (CIs) were estimated to quantify
associations of change in lifestyle with fatal/nonfatal CVD and all-cause mortality that occurred 8 to 15 years after 1998–2002.
Independent of baseline lifestyles, each decrement in number of healthy lifestyle factors was, on average, associated with 35%
higher risk of CVD (HR, 1.35; 95% CI, 1.12–1.63) and 37% higher risk of all-cause mortality (HR, 1.37; 95% CI, 1.10–1.70); no
association was noted with increase in the number of healthy lifestyle factors (P>0.5). Individuals who maintained 4 to 5 healthy
lifestyle factors had 2.5 times lower risk of CVD (HR, 0.43; 95% CI, 0.25–0.63) and all-cause mortality (HR, 0.40; 95% CI, 0.22–
0.73) than those who maintained only 0 to 1 healthy lifestyle factor.
Conclusions-—Our ﬁndings suggest that the beneﬁts of healthy lifestyles may be easier lost than gained over a 5-year period. This
underscores the need for efforts to promote maintenance of healthy lifestyles throughout the life course. ( J Am Heart Assoc.
2016;5:e002432 doi: 10.1161/JAHA.115.002432)
Key Words: all-cause death • cardiovascular disease • lifestyle

A

lthough it is well established that a healthy lifestyle is
associated with a lower risk of cardiovascular disease
(CVD) and premature mortality,1–9 only a small fraction of the
adult population has a healthy lifestyle.6,10 Adhering to a
healthy diet, being physically active, no smoking, drinking
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alcohol in moderation, and having a normal weight are
important factors in preventing CVD and premature mortality.11,12 The few studies that focused on overall lifestyle
proﬁles (ie, combination of lifestyle factors) showed that
adherence to a higher number of healthy lifestyle factors,
measured at a single point in time, was associated with lower
risk of CVD and all-cause mortality.1–9 However, whereas
lifestyle habits tend to change over time,10,13–15 little is
known about the magnitude of health effects associated with
changes in overall lifestyle proﬁle over time. In addition, the
long-term beneﬁts of a healthy lifestyle proﬁle can only
become apparent when looking at lifestyles that are maintained over time. Quantifying the extent to which maintenance
of, and changes in, lifestyles in young adulthood and middle
age alter risk of CVD and premature mortality can provide
insight on the potential effects of population-level lifestyle
modiﬁcation and may serve as an incentive for adults to adopt
and maintain an overall healthy lifestyle.
A study from the United States indicated that adults with
unhealthy lifestyles who subsequently adopted healthier
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Methods
Study Population
The Doetinchem Cohort Study is an ongoing study that
started in 1987–1991 with an age- and sex-stratiﬁed random
sample of men and women ages 20 to 59 years living in
Doetinchem, a provincial town in The Netherlands. Those who
participated in 1987–1991 (N=7768; participation rate, 62%)
were reinvited for a second examination in 1993–1997 (wave
2, N=6117; participation rate, 79%) and a third examination in
1998–2002 (wave 3, N=4918; participation rate, 75%). Details
of the study design have been described elsewhere.17 Diet
and physical activity were assessed from wave 2 onward.
Therefore, the second examination wave was considered as
baseline for the present analyses. We excluded 854 participants because of: prevalent CVD or cancer at waves 2 or 3
based on hospital discharge data and self-report (N=676);
lack of informed consent for linkage with Statistics Netherlands or the Dutch Hospital Discharge Registry (N=156);
censoring before wave 3 (N=8); and lack of follow-up
information on vital status or on CVD (N=14). Thus, these
analyses are based on data from 5263 participants (2416
men; 2847 women). All participants gave written informed
consent and the study was approved according to the
guidelines of the Helsinki Declaration by the Netherlands
Organization for Applied Scientiﬁc Research.

Measures
At each examination, participants underwent a physical
examination, and information on demographic characteristics,
lifestyle, and medical history was obtained by self-adminisDOI: 10.1161/JAHA.115.002432

tered questionnaires. We investigated 4 lifestyle factors (diet,
physical activity, cigarette smoking, and alcohol consumption)
and body mass index (BMI), using similar methods to deﬁne
healthy lifestyle as in previous studies.3–5,7–9,13,18 Dietary
intake was assessed using a validated 178-item semiquantitative food frequency questionnaire.19,20 A healthy diet was
operationalized with the modiﬁed Mediterranean Diet Score
(MDS) as described by Trichopoulou et al.21 This score
assigned values of 0 to 1 to each of the following 9 nutritional
components: alcohol, vegetables, fruits, legumes and nuts,
grains, ﬁsh and seafood, meat products, unsaturated to
saturated fatty acid ratio, and dairy products. Intakes equal to
or above the sex-speciﬁc median in the study population were
assigned a value of 1 and intakes below that median a value
of 0. For dairy and meat products, the scoring was inverted,
because the traditional Mediterranean diet is characterized by
low dairy and meat intake. Similar to other studies,4,5,8,9
alcohol consumption was included separately in the analysis
and was therefore not included in the MDS. Thus, the MDS
ranged from zero (minimal adherence) to 8 (maximal adherence). Physical activity was assessed with a validated
questionnaire developed for the European Prospective Investigation into Cancer and Nutrition (EPIC). For the Doetinchem
study, the questionnaire was extended with 2 open-ended
questions on the type, frequency, and duration of sports per
week.22 Sports, cycling, housekeeping, gardening, and jobs
that require heavy physical work were assessed as the
number of hours per week, separately for summer and winter.
The smallest number of hours per week reported for either
summer or winter was used to ensure a conservative
estimate. Hours per week spent on the various physical
activities were summed. Only physical activities with a
Metabolic Equivalent of Task value of 4.0 or higher as
reported by Ainsworth et al. were included,23 which is in line
with the Dutch physical activity guidelines.24 Body weight was
measured to the nearest 0.1 kg on calibrated scales, and
1 kg was subtracted to adjust for clothing. Height was
measured to the nearest 0.5 cm. BMI was calculated
as weight in kilograms divided by height in meters squared
(kg/m2).

Deﬁnition of Lifestyle Proﬁles
Each lifestyle factor was deﬁned as a dichotomous variable, with healthy and unhealthy states. Similar to other
studies,2–4,13,18 lifestyle factors were classiﬁed as healthy as
follows: healthy diet, MDS ≥5, healthy physical activity level:
≥3.5 hours per week spent on physical activities; not
currently smoking; BMI lower than 30 kg/m2; and moderate
alcohol consumption, that is, between 1 drink (ie, 10 g of
alcohol/glass) per month and 2 drinks per day for men, and
between 1 drink per month and 1 drink per day for women.25
Journal of the American Heart Association
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lifestyles had a 35% lower risk of CVD and a 40% lower risk of
all-cause mortality over 4 years compared to those who
maintained unhealthy lifestyles.13 The Coronary Artery Risk
Development in Young Adults study also showed that healthy
or unhealthy changes in lifestyle over a 20-year period were
associated with lower or higher risk, respectively, of coronary
artery calciﬁcation and carotid intima-media thickness.16
However, both studies were conducted in U.S. populations
and did not investigate the beneﬁts of maintaining healthy
lifestyles,13,16 only broadly compared changes in lifestyle
proﬁles (4 healthy lifestyle factors versus less than 4),13 or
were limited to intermediate endpoints of CVD (eg, coronary
artery calciﬁcation) instead of CVD and all-cause mortality.16
Therefore, we examined maintenance of, and changes in,
overall lifestyle proﬁles over 5 years in a large, prospective
cohort and investigated the association of these proﬁles with
subsequent CVD and all-cause mortality risk over 8 to
15 years of follow-up.
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Covariates

The number of healthy lifestyle factors present was summed
to compute an aggregate healthy lifestyle factor score ranging
from 0 (none) to 5 (all), at both baseline and at the 5-year
follow-up wave. A change score was constructed by subtracting healthy lifestyle factor score at baseline from the score at
the 5-year follow-up wave (observed range, 4 to 4).

Highest educational level achieved was categorized as low
(lower vocational training or primary school, ie, <10 years
education), medium (secondary school and intermediate
vocational training, ie, 11–14 years education), or high (higher
vocational training or university, ie, >15 years education).
Employment status was categorized as currently employed,
homemaker, or unemployed/retired/unﬁt for work. At each
examination wave, systolic (SBP) and diastolic blood pressure
(DBP) were measured with a random zero sphygmomanometer (Hawksley and Sons, Lancing, UK). Blood pressure was
measured twice after 2 minutes of rest with participants in a
seated position. SBP was recorded at the appearance of
sounds (ﬁrst-phase Korotkoff), and DBP was recorded at the
disappearance of sounds (ﬁfth-phase Korotkoff). The mean
value of these 2 measurements was used for analyses.
Hypertension was deﬁned as an SBP ≥140 mm Hg, DBP
≥90 mm Hg, and/or using blood pressure–lowering medica-

Lifestyle proﬁles
To examine the associations of maintenance of, and changes
in, lifestyles, seven 5-year lifestyle proﬁles were constructed
(Figure 1). Both for baseline and for the 5-year follow-up wave,
participants were categorized into 1 of 3 lifestyle categories
based on the healthy lifestyle factor scores as: unhealthy:
score 0 to 1; moderately healthy: score 2 to 3; and healthy:
score 4 to 5. Participants could remain in the same lifestyle
category in which they started at baseline or could adopt a
more healthy or unhealthy lifestyle over the 5-year period.

Wave
Wave 22
1993-1997
1993-1997

0-1
0-1
healthy
healthy
lifestyle
lifestyle
factors
factors

Unhealthy
Unhealthy
lifestyle
lifestyle proﬁle
proﬁle
N=535
N=535

Wave
Wave 33
1998-2002
1998-2002
Sustained
Sustained
N=232
N=232 (43%)
(43%)
Imputed
Imputed N=63
N=63
Improvement
Improvement
N=303
N=303 (57%)
(57%)
Imputed
Imputed N=120
N=120
Deterioraon
Deterioraon
N=314
N=314 (10%)
(10%)
Imputed
Imputed N=97
N=97

2-3
2-3
healthy
healthy
lifestyle
lifestyle
factors
factors

Moderately
Moderately
healthy
healthy lifestyle
lifestyle
proﬁle
proﬁle
N=3,197
N=3,197

Healthy
Healthy lifestyle
lifestyle
proﬁle
proﬁle
N=1,532
N=1,532

1998-2011
1998-2011
43
43 fatal
fatal and
and
438
438 nonfatal
nonfatal
CVD
CVD events
events

Sustained
Sustained
N=2,171
N=2,171 (68%)
(68%)
Imputed
Imputed N=516
N=516
Improvement
Improvement
N=712
N=712 (22%)
(22%)
Imputed
Imputed N=136
N=136

4-5
4-5
healthy
healthy
lifestyle
lifestyle
factors
factors

Follow-up
Follow-up

Deterioraon
Deterioraon
N=671
N=671 (44%)
(44%)
Imputed
Imputed N=197
N=197

1998-2013
1998-2013
338
338 deaths
deaths from
from
all
all causes
causes

Sustained
Sustained
N=861
N=861 (56%)
(56%)
Imputed
Imputed N=99
N=99

Figure 1. Overview of baseline and 5-year lifestyle proﬁles. The number of participants in each lifestyle
proﬁle represents the average number of participants of the 20 imputed data sets. The categories do not
add up to 5263 because of rounding. CVD indicates cardiovascular disease.
DOI: 10.1161/JAHA.115.002432
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Outcome
Nonfatal and fatal cardiovascular events that occurred after
the 5-year follow-up wave were ascertained until January 1,
2011. In order to evaluate all-cause mortality, vital status was
veriﬁed until June 1, 2013, using the municipal population
register. Cause of death was ascertained through linkage with
Statistics Netherlands, and morbidity data were obtained
through probabilistic linkage with the Dutch Hospital Discharge Registry. In The Netherlands, 88% of hospital admissions can uniquely be linked to an individual based on date of
birth, sex, and postal code.28 We deﬁned fatal CVD cases
(where CVD was the primary or secondary cause of death) and
non-fatal CVD cases according to International Classiﬁcation
of Diseases, Ninth Revision (ICD-9)29 codes 410–414, 415.1,
427.5, 428, 430–438, 440 to 442, 443.9, 444, 798.1, 798.2,
798.9, and corresponding ICD, Tenth Revision (ICD-10)
codes.30

lifestyle factors, healthy lifestyle factor change scores, and
lifestyle proﬁles (unhealthy lifestyle as reference) with CVD
and all-cause mortality. Analyses of the healthy lifestyle factor
change score were stratiﬁed by improvement (score 0–4) and
deterioration (score 0 to 4), with the stable lifestyle as
reference in both scores. The latter score was inverted. These
analyses were also performed using an aggregate weighted
healthy lifestyle score (range, 0–5), which allocated points for
each lifestyle factor based on their strength of associations
with outcomes.
All analyses were adjusted for baseline age, sex, highest
educational level achieved during follow-up, and employment
status in model 1. To investigate whether associations of
lifestyle with outcomes were independent from intermediate
metabolic risk factors, analyses were additionally adjusted for
hypertension, hypercholesterolemia, and diabetes in model 2.
To also take into account change over the 5-year period for
intermediate variables, the additional variables in model 2 had
4 categories (eg, hypertension at both waves of data
collection, no hypertension at both waves and change from
nonhypertensive to hypertensive, or vice versa). Healthy
lifestyle factor change scores were additionally adjusted for
baseline healthy lifestyle factor score in both models.
Interaction terms between the determinants of interest and
follow-up time were not statistically signiﬁcant (P>0.15),
indicating that the proportional hazards assumption was not
violated. Results for men and women were similar (P values
for interaction with sex >0.10). In sensitivity analyses, all
analyses were performed using complete data only. All
analyses were performed using SAS software (version 9.3;
SAS Institute Inc., Cary, NC), and a 2-sided P value <0.05 was
considered statistically signiﬁcant.

Results
Statistical Analyses
Of the study population, 0.4% had some missing data on
lifestyle or covariates at baseline and 22.7% had some
missing exposure data mainly attributable to nonresponse at
the 5-year follow-up wave. Exclusion of participants with
missing data may lead to biased results and loss of
precision.31,32 Therefore, missing values for all determinants
and covariates were multiple-imputed using the multivariate
imputation by chained equations method in the statistical
program R (version 3.1.0; R Foundation for Statistical
Computing, Vienna, Austria).33,34
Age- and sex-adjusted event rates per 10 000 personyears of follow-up were estimated for the 5-year lifestyle
proﬁles. Hazard ratios (HRs) and corresponding 95% conﬁdence intervals (CIs) from Cox proportional hazards regression were used to assess associations of changes in single

DOI: 10.1161/JAHA.115.002432

Participants were, on average, 46 (SD, 10) years of age at
baseline and 46% were male (Table 1). At baseline, 29% of the
participants had a healthy lifestyle, 61% a moderately healthy
lifestyle, and 10% an unhealthy lifestyle. Participants with a
healthy lifestyle were more likely to have a higher educational
level and to be currently employed, and tended to have morefavorable levels of the major biological CVD risk factors
compared to those with less-healthy lifestyles (Table 1). Over
the 5-year follow-up period, 62% of the participants maintained the same lifestyle proﬁle, whereas 19% improved their
lifestyles and 19% adopted unhealthier lifestyles (Figure 1).
Improvement or deterioration was more likely to be observed
in diet score, physical activity, and alcohol consumption than
in smoking status or BMI (Table 2). During an average of
9.8 years of follow-up, 481 CVD events occurred; there were
338 deaths after 12.2 years of follow-up.
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tion. Total cholesterol (TC) and high-density lipoprotein (HDL)
cholesterol (HDL-c) were measured until 1998 in nonfasting
EDTA plasma and from 1998 onward in serum at the Lipid
Reference Laboratory, using standardized enzymatic methods.
The TC/HDL ratio was calculated by dividing the TC level by
the HDL-c level. Hypercholesterolemia was deﬁned as having
a TC/HDL ratio ≥6.0 and/or taking cholesterol-lowering
medication. Diabetes was deﬁned based on self-reported
history and/or nonfasting blood glucose concentration of
11.1 mmol/L or more.26 Ninety percent of the cases were
also veriﬁed using information from the participant’s general
practitioner or pharmacist.27 Of the veriﬁed self-reported
cases, 13 had type 1 diabetes, 5 an unknown/other type, and
4 did not have diabetes and were classiﬁed as being free of
type 2 diabetes.
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Table 1. Baseline Characteristics of the Doetinchem Cohort Study (1993–1997) According to Baseline Lifestyle Proﬁles*

Total Population

Healthy Lifestyle
Proﬁle

Moderately Healthy
Lifestyle Proﬁle

Unhealthy Lifestyle
Proﬁle

N=5263

N=1532†

N=3197†

N=535†

Age (y), mean (SD)

45.7 (9.9)

45.7 (9.6)

45.7 (10.0)

46.4 (9.9)

Women, n (%)

2847 (54)

719 (47)

1819 (57)

309 (58)

Low educational attainment, n (%)

2633 (50)

617 (40)

1670 (52)

345 (65)

SBP (mm Hg), mean (SD)

125 (16)

124 (16)

124 (16)

127 (18)

DBP (mm Hg), mean (SD)

80 (11)

79 (10)

80 (11)

81 (11)

TC (mmol/L), mean (SD)

5.5 (1.0)

5.4 (1.0)

5.5 (1.0)

5.6 (1.0)

HDL-c (mmol/L), mean (SD)

1.38 (0.37)

1.42 (0.37)

1.38 (0.38)

1.27 (0.36)

BMI (kg/m2), mean (SD)

25.7 (3.7)

24.9 (2.6)

25.8 (3.8)

27.8 (5.1)

65 (1.2)

11 (0.7)

43 (1.3)

12 (2.3)

BMI <30 kg/m2 (%)

4639 (88)

1508 (98)

2810 (88)

321 (60)

Healthy diet MDS ≥5 (%)

1987 (38)

1128 (74)

843 (26)

16 (3)

Physical active ≥3.5 h/week (%)

2983 (57)

1340 (87)

1600 (50)

43 (8)

Not smoking (%)

3660 (70)

1439 (94)

2118 (66)

103 (19)

Moderate alcohol consumption (%)

1891 (36)

1048 (68)

829 (26)

14 (3)

‡

Type 2 diabetes mellitus , n (%)
Healthy lifestyle factors

BMI indicates body mass index; DBP, diastolic blood pressure; HDL-c, HDL-cholesterol; MDS, Mediterranean Diet Score; SBP, systolic blood pressure; TC, total cholesterol.
*Healthy lifestyle proﬁle was deﬁned as having 4 to 5 of the following healthy lifestyle factors: Mediterranean Diet Score ≥5, ≥3.5 hours per week spent on moderate-to-vigorous intensity
physical activities, not currently smoking, moderate alcohol consumption, and a BMI lower than 30 kg/m2. Participants with a moderately healthy lifestyle proﬁle adhered to 2 to 3 healthy
lifestyle factors and participants with an unhealthy lifestyle proﬁle to one or less factors.
†
Represents the average number of participants of the 20 imputed data sets. The categories do not add up to 5263 because of rounding.
‡
Self-reported diabetes and/or non-fasting blood glucose concentration ≥11.1 mmol/L.

Change in Individual Lifestyle Factors and Risk of
CVD and All-Cause Mortality
For most individual lifestyle factors, improvement and deterioration over 5 years tended to be associated with lower and
higher risk, respectively, of CVD and all-cause mortality,
although associations were not statistically signiﬁcant
(Table 3). For example, change from being obese to overweight/normal weight was (not statistically signiﬁcantly) associated with a 48% lower risk of CVD (HR, 0.52; 95% CI, 0.21–
1.31) compared to staying obese over time. Similarly, change
from a healthy weight to being obese was (not statistically
signiﬁcantly) associated with a 34% higher risk of CVD (HR, 1.34;
95% CI, 0.92–1.94) compared to maintaining a healthy weight.

Changes in the Number of Healthy Lifestyle
Factors and Risk of CVD and All-Cause Mortality
Regardless of the number of healthy lifestyle factors at
baseline, each healthy lifestyle factor lost during follow-up was
associated with a 35% higher risk of CVD (HR, 1.35; 95% CI,
1.12–1.63) and a 37% higher risk of all-cause mortality (HR,
1.37; 95% CI, 1.10–1.70; Table 4). Improvement in lifestyle
was not associated with risk of CVD (HR, 0.95; 95% CI, 0.80–
1.14) and all-cause mortality (HR, 0.96; 95% CI, 0.76–1.21).
DOI: 10.1161/JAHA.115.002432

Analyses using the weighted scores gave virtually the same
results as those based on unweighted scores (Table 4).
Further adjustment for presence of diabetes, hypertension,
and hypercholesterolemia at baseline or the 5-year follow-up
wave only slightly attenuated the associations for all analyses.

Associations of Baseline and 5-Year Lifestyle
Proﬁles With Outcomes
Participants who maintained a healthy lifestyle proﬁle over
the 5-year period had a 57% lower risk of CVD (HR, 0.43; 95%
CI, 0.26–0.70) and a 60% lower risk of all-cause mortality
(HR, 0.40; 95% CI, 0.22–0.73) compared to those who
maintained an unhealthy lifestyle (Figure 2; and Table 5). We
compared the risks of improvement and deterioration in each
lifestyle category (healthy, moderately healthy, and
unhealthy) with maintenance of the same lifestyle proﬁle
(Figure 2; Table 5). Improvement resulted in similar or only
slightly lower HRs for CVD and all-cause mortality and
deterioration in higher HRs. The HR for CVD and all-cause
mortality was lower for those with a sustained healthy
lifestyle (HR, 0.43 and 0.40) compared to those with healthy
lifestyles at baseline who changed to an unhealthy lifestyle
over the 5-year period (HR, 0.56; 95% CI, 0.36–0.87 and HR,
0.54; 95% CI, 0.31–0.97, respectively). On the other hand,
Journal of the American Heart Association

5

Hulsegge et al

Lifestyle Changes and Cardiovascular Disease

Body mass index

N (%)

Sustained Health*

Deteriorated Healthy*

Improved Unhealthy*

Sustained Unhealthy*

N≥1282

N≥126

N≥74

N≥549

<30 kg/m at
both waves
2

<30 kg/m at
baseline and
≥30 kg/m2 at
5-year follow-up

≥30 kg/m at baseline
and <30 kg/m2 at
5-year follow-up

≥30 kg/m2 at both waves

321 (6)

74 (1)

549 (10)

2

4318 (82)
2

2

2

2

33.1 (3.0) kg/m2

Mean (SD) at baseline

24.5 (2.5) kg/m

Mean (SD) at 5-year
follow-up

25.2 (2.6) kg/m2

31.3 (1.2) kg/m2

28.6 (1.3) kg/m2

34.1 (3.2) kg/m2

Not smoking at
both waves

Not smoking at
baseline and
smoking at 5-year
follow-up

Smoking at baseline
and not smoking
at 5-year follow-up

Smoking at both waves

3533 (67)

126 (2)

297 (6)

1306 (25)

≥5 at both waves

≥5 at baseline and
<5 at 5-year follow-up

<5 at baseline and
≥5 at 5-year follow-up

<5 at both waves

N (%)

1218 (23)

768 (15)

999 (19)

2278 (43)

Mean (SD) at baseline

5.7 (0.8)

5.4 (0.7)

3.4 (0.9)

2.9 (1.0)

Mean (SD) at 5-year
follow-up

5.7 (1.0)

3.5 (1.0)

5.3 (0.9)

3.0 (1.1)

≥3.5 h/week at
both waves

≥3.5 h/week at baseline
and <3.5 h/week at
5-year follow-up

<3.5 h/week at baseline
and ≥3.5 h/week at
5-year follow-up

<3.5 h/week at both waves

N (%)

1910 (36)

1073 (20)

864 (16)

1416 (27)

Mean (SD) at baseline

12.0 (13.2) h/week

10.0 (11.3) h/week

1.8 (1.1) h/week

1.4 (1.1) h/week

Mean (SD) at
5-year follow-up

11.6 (12.5) h/week

1.6 (1.2) h/week

8.9 (9.6) h/week

1.4 (1.1) h/week

At both waves
moderately

Moderately at baseline
and not moderately
at 5-year follow-up

Not moderately at baseline
and moderately at
5-year follow-up

Not moderately at both waves

N (%)

1282 (24)

623 (12)

768 (14)

2634 (50)

Median (IQR) at
baseline

0.7 (0.6–1.1)
glasses/day

0.8 (0.4–1.0) glasses/day

0.0 (0.0–2.1) glasses/day

0.0 (0.0–2.3) glasses/day

Median (IQR) at
5-year follow-up

0.9 (0.6–1.1)
glasses/day

1.1 (0.0–2.1) glasses/day

0.7 (0.4–1.1) glasses/day

0.0 (0.0–2.3) glasses/day

Smoking

N (%)
Mediterranean diet score

Physical activity

Alcohol consumption

28.6 (1.1) kg/m

31.0 (0.9) kg/m

IQR indicates interquartile range.
*The number of participants in each category differs per lifestyle factor.

HRs for CVD (HR, 0.97; 95% CI, 0.56–1.66) and all-cause
mortality (HR, 0.98; 95% CI, 0.49–1.95) were similar for those
with an unhealthy lifestyle at baseline who improved over
5 years compared to those who maintained an unhealthy
lifestyle proﬁle (HR, 1.00).

Sensitivity Analysis
The complete case analysis returned similar results as the
results based on multiple imputed data.
DOI: 10.1161/JAHA.115.002432

Discussion
The current study found that deterioration of lifestyle habits
over 5 years were associated with a higher risk of CVD and
all-cause mortality independent of baseline lifestyle status,
whereas improvement in lifestyle was not statistically significantly related to these outcomes. Each healthy lifestyle factor
lost over time resulted, on average, in a one-third higher risk
of CVD and all-cause mortality over the subsequent 8 to
15 years. Furthermore, compared to those who maintained an
Journal of the American Heart Association
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Table 2. Means of Each Lifestyle Factor for Participants Who Maintained the Same, Improved, or Deteriorated in That Lifestyle
Factor
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Table 3. HRs and 95% CIs for the Associations Between Change in Single Lifestyle Factors and Cardiovascular Disease and
All-Cause Mortality
HR and 95% CI of Fatal and Nonfatal Cardiovascular Disease

HR and 95% CI of All-Cause Mortality

Improved*

Deteriorated*

Improved

Deteriorated

Model 1†

0.52 (0.21–1.31)

1.34 (0.92–1.94)

0.83 (0.31–2.22)

1.14 (0.74–1.77)

Model 2‡

0.52 (0.09–3.04)

1.59 (0.94–2.68)

1.24 (0.37–4.20)

1.00 (0.48–2.06)

Model 1†

0.71 (0.45–1.11)

1.56 (0.81–3.02)

0.78 (0.47–1.28)

0.83 (0.21–3.21)

Model 2‡

0.76 (0.44–1.32)

1.50 (0.57–3.95)

0.73 (0.37–1.46)

0.73 (0.11–4.71)

0.86 (0.67–1.11)

1.17 (0.88–1.56)

0.87 (0.58–1.35)

1.31 (0.95–1.82)

1.05 (0.72–1.54)

1.03 (0.74–1.45)

1.04 (0.63–1.71)

1.42 (0.96–2.11)

1.01 (0.77–1.31)

1.14 (0.80–1.62)

0.93 (0.66–1.32)

1.37 (0.90–2.08)

1.17 (0.84–1.61)

1.16 (0.75–1.79)

1.09 (0.73–1.63)

1.19 (0.72–1.96)

0.82 (0.59–1.13)

1.19 (0.85–1.68)

0.93 (0.65–1.32)

1.11 (0.73–1.71)

0.75 (0.50–1.13)

1.32 (0.85–2.05)

0.96 (0.60–1.53)

1.10 (0.63–1.93)

Body mass index

Smoking

Physical activity
Model 1†
‡

Model 2

Mediterranean Diet Score
Model 1†
‡

Model 2

Alcohol consumption
Model 1†
‡

Model 2

CI indicates conﬁdence interval; HR, hazard ratio.
*Change in single healthy lifestyle factors from unhealthy to healthy (improved) or vice versa (deteriorated) over a 5-year period.
†
Cox proportional hazard models adjusted for age, sex, educational level, and occupation.
‡
Analyses additionally adjusted for (other) lifestyle factors.

unhealthy lifestyle, adults who maintained a healthy lifestyle
over 5 years had a 57% to 60% lower risk of CVD and allcause mortality, whereas adults with a healthy lifestyle at
baseline who turned to a less-healthy lifestyle had only a 44%
to 46% lower risk of CVD and all-cause mortality.

Our ﬁndings of the association of baseline lifestyle proﬁles
with risk of CVD and all-cause mortality are consistent with
previous studies, which reported that healthy lifestyles were
associated with 46% to 68% lower risk for CVD1,3,4,7,8 and 32%
to 87% lower risk for all-cause mortality,3,6 compared to

Table 4. HRs and 95% CIs for the Associations Between the Healthy Lifestyle Factor Change Scores and Cardiovascular Disease
and All-Cause Mortality
HR and 95% CI of Fatal and Nonfatal Cardiovascular Disease

HR and 95% CI of All-Cause Mortality

Improved

Deteriorated

Improved

Deteriorated

Model 1†

0.95 (0.80–1.14)

1.35 (1.12–1.63)

0.96 (0.76–1.21)

1.37 (1.10–1.70)

Model 2‡

0.96 (0.81–1.15)

1.31 (1.08–1.58)

0.98 (0.77–1.24)

1.36 (1.09–1.69)

0.88 (0.70–1.10)

1.27 (1.05–1.54)

0.94 (0.74–1.20)

1.41 (1.13–1.76)

0.88 (0.70–1.10)

1.22 (1.00–1.48)

0.96 (0.75–1.23)

1.40 (1.12–1.76)

HLF change score*

Weighted HLF change score
Model 1†
‡

Model 2

§

CI indicates conﬁdence interval; HLF, healthy lifestyle factor; HR, hazard ratio.
*Change in risk for each healthy lifestyle factor gained (improved) or lost (deteriorated) over a 5-year period.
†
Cox proportional hazard models adjusted for age, sex, educational level, occupation, and the number healthy lifestyle factors at baseline.
‡
Analyses additionally adjusted for hypertension, hypercholesterolemia, and diabetes.
§
Change in risk for each point gained (improved) or lost (deteriorated) in aggregate weighted healthy lifestyle score between baseline and the 5-year follow-up wave. This score was based
on the strength of associations between each individual lifestyle factor and outcomes.
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Figure 2. Multivariable adjusted hazard ratios of incident total cardiovascular disease (A and B) and all-cause mortality (C and D). For

baseline lifestyle proﬁles (A and C)† and 5-year lifestyle proﬁles (B and D) including adults who maintained that same lifestyle proﬁle (gray)‡,
improved (green)§, or deteriorated (red)║ during 5-year follow-up. *Statistically signiﬁcant different from (sustained) unhealthy lifestyle proﬁle,
P<0.05. †Healthy lifestyle proﬁle was deﬁned as having 4 to 5 of the following healthy lifestyle factor: Mediterranean Diet Score ≥5, ≥3.5 hours
per week spent on moderate-to-vigorous intensity physical activities, not currently smoking, moderate alcohol consumption, and a body mass
index lower than 30 kg/m2. Participants with moderately healthy lifestyle proﬁle adhered to 2 to 3 healthy lifestyle factors and participants
with an unhealthy lifestyle proﬁle to 1 or less factors. ‡Sustained: lifestyle proﬁle remains steady over 5 years. §Improve: lifestyle proﬁle
improved over 5 years. ║Deteriorate: lifestyle proﬁle deteriorated over 5 years.

unhealthy lifestyles. However, these previous studies did not
examine changes in lifestyle over time. In our study, 38% of
the adults changed their lifestyle over a period of 5 years,
which is in line with an earlier study in The Netherlands
investigating the stability of lifestyle behavior.15 The fact that
such a large proportion of adults changed their behavior over
time underscores the importance of quantifying the impact of
changes in lifestyle on risk of CVD and all-cause mortality in a
healthy young adult/middle-aged population, especially when
considering the fact that many epidemiological studies only
take into account baseline lifestyle proﬁles.
King et al. reported that among adults ages 45 to
64 years, improvement from <4 to 4 healthy lifestyle factors
over a 4-year period was associated with a lower risk of CVD
and death over the subsequent 4 years.13 In contrast,
although a strong graded association was observed between
baseline lifestyle proﬁles and CVD and all-cause mortality in
the current study, improvement in lifestyle was, contrary to
our expectations, not associated with these outcomes.
Whereas signiﬁcant associations of baseline physical activity35 and the MDS36 with incident CVD have been previously
reported in the MORGEN and EPIC-NL studies, respectively (of
which the Doetinchem Cohort Study was a part), the current
DOI: 10.1161/JAHA.115.002432

analyses showed that improvement in physical activity and
the MDS over a 5-year period were not associated with risk
reduction. The absence of such associations and the fact that
changes from unhealthy to healthy were most often
attributable to changes in physical activity and the MDS
likely contributed to the absence of associations of improvement in overall lifestyle with CVD and death. The absence of
associations was likely not attributable to the magnitude of
changes, given that improvements were substantial, that is,
participants increased their amount of physical activity, on
average, by 7.1 hours/week and their MDS by 1.9 units over
the 5-year follow-up period.
In addition, improvement in obesity status was not
signiﬁcantly associated with CVD and all-cause mortality,
most likely attributable to the limited number of people who
improved in obesity status (N=74). This may also have
contributed to the absence of statistically signiﬁcant associations between improvement in overall lifestyle and CVD and
death. Reverse causation does not appear to explain the
absence of associations because exclusion of events in the
ﬁrst 2 years of follow-up did not change risk estimates (data
not shown). Lifelong unhealthy lifestyles up to young adulthood/middle age may have resulted in damage that cannot be
Journal of the American Heart Association
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*Healthy lifestyle proﬁle was deﬁned as having 4 to 5 of the following healthy lifestyle factors: Mediterranean Diet Score ≥5, ≥3.5 hours per week spent on moderate-to-vigorous intensity physical activities, not currently smoking, moderate
alcohol consumption, and a body mass index lower than 30 kg/m2. Participants with a moderately healthy lifestyle proﬁle adhered to 2 to 3 healthy lifestyle factors and participants with an unhealthy lifestyle proﬁle to 1 or less factors.
†
Model 1: adjusted for age, sex, educational attainment, and employment status.
‡
Model 2: model 1+adjusted for hypertension, hypercholesterolemia, and diabetes.
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compensated by lifestyle improvements over a period as short
as 5 years. However, we did not have information on lifestyle
history before the 5-year period, and thus it was not possible
to determine whether absence of associations could be
explained by lifelong unhealthy lifestyles. Finally, we cannot
exclude the possibility that improvement in lifestyle over a
5-year period has a very small impact on CVD and mortality
risks, which requires a larger sample size to demonstrate.
Our results indicate that more effort is needed to increase
the proportion of young/middle-aged adults who maintain a
healthy lifestyle given that each healthy lifestyle factor lost
over just a 5-year period resulted, on average, in a one-third
higher risk of CVD and all-cause mortality. We also showed
that maintaining an overall healthy lifestyle was associated
with the lowest risk of CVD and all-cause mortality (ie, a 57%–
60% lower risk), compared to those with an unhealthy
lifestyle. Whereas prevention and control of CVD has traditionally focused primarily on those with high CVD risk proﬁles
and/or unhealthy lifestyles, our ﬁndings indicate that attention is needed to maintenance of healthy lifestyles given that
lifestyle habits of many adults deteriorate over time with a
sizeable impact on their CVD and mortality risk.
We previously demonstrated that maintenance of a low
CVD risk proﬁle based on major CVD risk factors (ideal levels
of blood pressure, cholesterol, BMI, no smoking, and no
diabetes) was associated with 7 times lower risk of CVD
compared to having long-term high-risk proﬁle.37 Our ﬁndings
also suggested that improvement and deterioration in CVD
risk proﬁle resulted in 2-fold lower and higher risk of
subsequent CVD incidence, respectively. Risk differences
associated with changes in lifestyle proﬁle observed in the
present study were smaller, which was to be expected given
that lifestyle factors are more-distal risk factors. However, the
current analyses indicate that deterioration in lifestyle directly
inﬂuence risk of CVD and all-cause mortality independent of
major CVD risk factors, such as hypertension, hypercholesterolemia, or diabetes, given that adjustment for these factors
only slightly altered risk estimates.
This study has several strengths, including the prospective design, high participation rate, long follow-up period, and
extensive information about lifestyle and risk factors. Some
limitations include the small number of participants with zero
healthy lifestyle factors in the unhealthy lifestyle proﬁle
group (ie, most participants in this group had 1 healthy
lifestyle factor). The exclusion of participants who had a CVD
event and/or cancer between baseline and the 5-year followup wave (N=332) further mitigated the true difference
between the healthy and unhealthy groups, which may have
resulted in somewhat conservative estimates. Furthermore,
we have no data on cycling in lifestyle proﬁle during the 5year period. Cycling might have occurred in part of the
population, and particularly weight cycling may have led to
Journal of the American Heart Association
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Table 5. Hazard Ratio and 95% Conﬁdence Interval of Cardiovascular Disease Events and All-Cause Mortality in 5-Year Lifestyle Proﬁles Compared to Sustained
Unhealthy Lifestyle Proﬁle
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some underestimation of the associations of improvement
and deterioration in lifestyle with outcomes. In addition, we
used the MDS because this has commonly been used in
previous cardiovascular research and it includes several
important foods/food groups. As with all diet scores, some
important nutrients are not included in the MDS, such as salt
intake. This may have slightly underestimated the beneﬁts of
a healthy diet and consequently underestimated the associations between change in diet and CVD and death.
Although a substantial proportion of the data at the 5-year
follow-up wave (1998–2002) were multiple imputed (22.7%),
complete-case analysis yielded similar results. The use of
self-reported lifestyle data may possibly have led to
misclassiﬁcation, resulting in underestimation of the associations. Finally, our results were obtained in a relatively
healthy population, which has most likely led to underestimation of the strength of associations attributable to
underestimation of the number of participants with CVD
and those who died.
In conclusion, having and maintaining an overall healthy
lifestyle proﬁle (ie, nonsmoking, a healthy diet, adequate
physical activity, moderate alcohol consumption, and a
healthy BMI) is associated with the lowest risk of CVD and
all-cause mortality (ie, 57%–60% lower risks compared to
maintaining an unhealthy lifestyle proﬁle). However, few
adults have a healthy lifestyle and even fewer are able to
maintain this healthy lifestyle over time. Independent of
lifestyle behavior at young adulthood/middle age, deterioration in lifestyle over a 5-year period may lead to an
approximate one-third higher risk of CVD incidence and allcause mortality, whereas improvement in lifestyle over the
same period did not reduce those risks in this cohort. Thus, at
young adulthood/middle age, the beneﬁts of a healthy
lifestyle are easily lost by deterioration in lifestyle. These
ﬁndings underscore the need to focus CVD prevention efforts
not only on adults with unhealthy lifestyles or at high risk of
CVD, but also on adults with healthy lifestyles by promoting
the maintenance of healthy lifestyles throughout the life
course.
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