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a b s t r a c t

Objectives: To develop a healthy aging score (HAS), to assess age and sex differences in HAS, and to
evaluate the association of the HAS with survival.
Design: Prospective population-based cohort.
Setting: Inhabitants of Ommoord, Rotterdam, The Netherlands.
Participants: A total of 1405 men and 2122 women, mean (standard deviation) age 75.9 (6.4) years.
Main measures: We included 7 domains in the total score of HAS: chronic diseases, mental health,
cognitive function, physical function, pain, social support, and quality of life; each scored 0, 1, or 2 in each
domain. A total score (range 0e14) was constructed and was assessed continuously and in tertiles
(13e14: healthy aging, 11e12: intermediate aging, 0e10: poor aging). Sex-specific change in the mean
HAS was computed for the age categories of 65e69, 70e74, 75e79, 80e84, and �85 years. The associ-
ation between HAS and mortality was assessed with Cox proportional hazards models.
Results: Mean follow-up was 8.6 (3.4) years. Men had poorer scores in the chronic disease domain than
women. However, women had poorer mental health, worse physical function, more pain, and lower
quality of life compared with men. The prevalence of healthy aging was higher in men (n ¼ 396, 28.2%),
than in women (n ¼ 526, 24.8%). The mean (standard deviation) HAS was 11.1 (2.2) in men and 10.7 (2.3)
in women. Mean HAS was higher in men than in women for all age categories. The b for change in mean
HAS across the 5 increasing age categories was �0.55 (�0.65 to �0.45) in men and �0.65
(�0.73 to �0.57) in women. The age-adjusted hazard ratio per unit increase in HAS with mortality was
0.86 (0.83e0.89) in men, and 0.89 (0.87e0.91) in women.
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Conclusions: Levels of HAS were lower in women compared with men, in all age categories. The HAS
declined with increasing age for both sexes, albeit slightly steeper in women. The HAS was strongly
associated with mortality in both sexes. A better understanding of population healthy aging and sex dif-
ferences in this regard could aid to implement strategies for sustainable healthcare in aging populations.

� 2016 AMDA e The Society for Post-Acute and Long-Term Care Medicine.

Our population is aging.1,2 Between 2008 and 2040, the pro-
portion of people aged 65 years and older is projected to increase
from 7% (506 million) to 14% (1.3 billion) of the world’s popula-
tion.3 In addition, the number of oldest old (aged 80 years and
over) is expected to increase by 233% in this time period.3 This
demographic shift can be explained by better living standards and
improvements in both preventive and curative healthcare.4

Simultaneously, the main causes of death have shifted from in-
fectious diseases toward age-related chronic diseases.5 These
observed trends have led to aging, and particularly healthy aging,
to become one of the top public health challenges,6,7 and resulted
in the first World Report on Aging and Health from the World
Health Organization in 2015.8

Focusing on health as a multidimensional state could facilitate
prevention and treatment strategies.9 Theoretical frameworks have
been formulated,10e14 and various operational definitions have been
applied to populations.15,16 For example, Rowe and Kahn introduced a
model for successful aging that included avoiding disease and
disability, high cognitive and physical function, and engagement with
life.13,14 This model has been critiqued for being too unidimensional,
with its strong focus on physiological constructs for successful aging.17

Therefore, recent applications have comprehensively included psy-
chosocial constructs, such as mental health and self-perceived
health.18e20 In addition, it has been suggested that continuum-based
measures for healthy aging might better capture the heterogeneity
of the phenotype, as opposed to the more widely adopted dichoto-
mous approaches.19,21 However, to date, no consensus for the mea-
surement of healthy aging exists.

Worldwide, women outlive men by 6 to 8 years. However,
these years are often spent with more disease and disability: “men
die quicker, women get sicker.”9,22 Although the operationaliza-
tion of healthy aging measures is upcoming, no studies have
comprehensively assessed age and sex differences. Within the
population-based Rotterdam Study, comprehensive and detailed
information on subjective and objective measures, which are
necessary to construct a healthy aging score, are available. In
addition, the vital status of all participants has been precisely
adjudicated in this cohort of middle-aged and elderly men and
women. Therefore, we aimed to develop a healthy aging score
(HAS) within the population-based Rotterdam Study and to assess

age and sex differences. Furthermore, for illustrative purposes, we
aimed to evaluate the association of the HAS with survival.

Methods

Study Population

This study was embedded within the Rotterdam Study: a prospec-
tive, population-based cohort among subjects 55 years and older in the
municipality of Rotterdam, The Netherlands. The rationale and study
design have been described elsewhere.23 The baseline examination of
the original cohort was completed between 1990 and 1993 (RS-I, visit
1). In the fourth visit of RS-I (2002-2004), assessments of social support
and quality of life were introduced. Therefore, the current study
included all participants alive at the fourth visit of RS-I. Of the 5.008
participants available for inclusion, 1.481 were excluded due to missing
data in more than 5 domains of the HAS. Hence, 1.405 men and 2.122
women were included in the current study. The Rotterdam Study has
been approved by the Medical Ethics Review Board of Erasmus Medical
Center and by the Ministry of Health, Welfare and Sport of the
Netherlands, implementing the Wet Bevolkingsonderzoek: ERGO
(Population Studies Act: Rotterdam Study). All participants provided
written informed consent to participate in the study and to obtain in-
formation from their treating physicians.

Assessment of Healthy Aging Score

In line with previously defined conceptual frameworks and
applications,10e21 we included 7 biopsychosocial domains in the
development and construction of the healthy aging score. These do-
mains involved: chronic diseases, mental health, cognitive function,
physical function, pain, social support, and quality of life. In each
domain, the status was graded as low (0, corresponding to a worse
status within the domain), moderate (1), or high (2, corresponding to
an optimal status within the domain); Scheme 1. A total score, ranging
from 0 to 14 was constructed, by summing up the values of these 7
domains. An extensive description of the HAS construction can be
found in Supplemental Methods 1A.

Scheme 1
Definition of Healthy Aging Score

Domain Low (Score of 0) Moderate (Score of 1) High (Score of 2)

Chronic diseases* >1 disease, “multimorbidity” 1 disease 0 diseases
Mental health CES-D Score of 23 to 60 Score of 17 to 22 Score of 0 to 16 (no depressive symptoms)
Cognitive functioning MMSE Score of 0 to 20 Score of 21 to 25 Score of 26 to 30
Physical functioning bADL/iADL Severe disability on either bADL or iADL Everything in between Mild disability on bADL and iADL
Pain (Very) severe pain in hands, knees, hips or back

for at least 1 activity
Everything in between No or mild pain in hands, knees, hips and

back in all activities
Social support ‘Agree’ in 0e2 statements ‘Agree’ in 3e4 statements ‘Agree’ for all 5 statements
QoL Low QoL on 5e8 items Low QoL on 1e4 items High QoL on all 8 items

bADL, basic activities of daily living; CES-D, Center for Epidemiologic Studies Depression Scale; iADL, instrumental activities of daily living; MET, metabolic equivalent; MMSE,
Mini-Mental State Examination; QoL, quality of life.

*Chronic diseases included myocardial infarction, revascularization, heart failure, stroke, Parkinson disease, diabetes mellitus, chronic obstructive pulmonary disease,
cancer, and chronic kidney disease.
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