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Abstract
Background: Knowledge about characteristics explaining low level of physical activity  
in late-life depression is needed to develop specific interventions aimed at improving 
physical health in depressed people above the age of 60. 

Methods: This cross-sectional study used data from the Netherlands Study of Depression 
in Older Persons (NESDO), a longitudinal multi-site naturalistic cohort study.  People 
aged 60 and over with current depression and a non-depressed comparison group were 
included, and total amount of PA per week was assessed with the short version of the 
International Physical Activity Questionnaire (IPAQ). Depression characteristics, socio-
demographics, cognitive function, somatic condition, psycho-social, environment and 
other lifestyle factors were added in a multiple regression analysis.

Results: Depressed persons >60y were less physically active in comparison with non-
depressed subjects. The difference was determined by somatic condition (especially, 
functional limitations) and by psychosocial characteristics (especially sense of mastery). 
Within the depressed subgroup only, a lower degree of physical activity was associated 
with more functional limitations, being an inpatient, and the use of more medication, but 
not with the severity of the depression. 

Limitation: This study is based on cross-sectional data, so no conclusions can be drawn 
regarding causality.

Conclusions: This study confirms that depression in people over 60 is associated with 
lower physical activity. Patient characteristics seem more important than the depression 
diagnosis itself or the severity of depression.  Interventions aimed at improving physical 
activity in depressed persons aged 60 and over should take these characteristics into 
account.

Key words: depression, physical activity, aged, elderly  
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Introduction
Physical activity has a positive effect on health-related quality of life and is therefore 
important for healthy aging.5 The World Health Organization (WHO) considers physical 
inactivity to be of the four major risk factors for mortality worldwide,59 and others even 
argue that physical inactivity is a causative factor for the majority of chronic diseases.60,61 
Numerous studies have shown that depression is associated with decreased levels 
of physical activity,40,62,63 which may partly mediate the negative health outcomes in 
depressed persons.64  Moreover, a limited number of well-designed studies showed that 
physical activity could reduce depressive symptoms in people above the age of 60.42,65   
Physical activity can thus be regarded as a key factor with respect to modifiable behaviour 
for improving physical health and functioning, and for reducing depressive symptoms.66 

Little is known about the current level of physical activity in depressed people above the 
age of 60 and its determinants. Many of the studies that have measured the level of activity 
or its effect on health failed to include depressed persons > 60y.67,68 Treatment studies 
often lack details about the amount of total physical activity before the intervention,69 
and according to an expert-panel, depression is not a relevant factor in predicting health 
behaviour and/or physical activity determinants in the general population.70 Furthermore, 
data on physical activity in young adults with depression cannot be extrapolated to later 
life, as aetiology and phenomenology of depression varies by age. 

Late-life depression is associated with cognitive impairment, chronic medical illnesses, 
medication use, and neurodegenerative diseases,21 characteristics that have a direct 
impact on physical activity as well as on the phenomenology of the depression.  Several 
studies have pointed to the prolonged course and negative treatment effects in the 
presence of co-morbid executive dysfunction and co-morbid vascular disease in late-
life depression.22,23 These differences are clinically relevant, as a recent study found 
that ‘negative symptoms’ of depression – such as loss of interest, diminished activity, 
and indecisiveness - predict poor outcome of antidepressant treatment and require a 
more multidisciplinary approach with additional treatment strategies such as behavioural 
activation and exercise.64

In order to develop interventions to improve physical activity, and thus physical and 
mental well-being in depressed people aged 60 and over, more knowledge is needed 
about the current level and the determinants of physical activity in late-life depression.9 
Characteristics that have been demonstrated to be associated with physical activity as 
well with depression can be clustered into cognitive function,71  somatic condition,72 other 
lifestyle factors73 and psychosocial and environmental factors.74,75  To date, there are no 
studies available that combine these characteristics.
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The first objective is to compare the amount of physical activity between depressed 
and non-depressed persons above the age of 60 and to examine which characteristics 
explain the hypothesized lower level of physical activity in late-life depression. The second 
objective is to examine the correlates of physical (in)activity in the subgroup of depressed 
persons above the age of 60.

Methods
Data was obtained from the baseline assessment of the Netherlands Study of Depression 
in Older Persons (NESDO). The NESDO is a longitudinal multi-site naturalistic cohort 
study aimed at examining the course and consequences of depressive disorders in older 
persons. The study design of the NESDO is described in detail elsewhere.57 

Participants
From 2007 to 2010, 378 persons diagnosed with depression (in various stages of 
development and severity) within the previous 6 months, and 132 non-depressed 
persons from 60-93 years of age were recruited from mental health care and primary 
care settings in five regions in the Netherlands (total N=510). Persons with a Mini Mental 
State Examination score (MMSE) under 18, a primary diagnosis of dementia or insufficient 
command of the Dutch language were excluded. The comparison group was recruited at 
the same general practice locations where the patients were recruited. Informed consent 
was requested from a random sample of persons >60y who scored less than four on 
the Geriatric Depression Scale during a visit to their GP. Inclusion criteria for the non-
depressed comparison group were: no lifetime diagnosis of depression or dementia, and 
good command of the Dutch language. The ethical review boards of all participating 
study centres approved the study protocol of NESDO. Written informed consent was 
obtained from all participants at the start of the baseline assessment. 

For the current study, depressed and non-depressed participants with complete data on 
physical activity variables were included. In addition, persons from the depressed group 
were included if they had a past-month depression diagnosis (see the flowchart, figure 1). 
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Figure 1: Flowchart sample inclusion

Measurements 
Physical activity
The Dutch short version of the International Physical Activity Questionnaire (IPAQ) 
was used to calculate the total amount of physical activity in the previous week. This 
written self-report questionnaire was developed as a tool for cross-national monitoring 
of physical activity in adults based on sports and daily activities.76  According to the 
official IPAQ guidelines,77 data are summed up within each activity item (i.e., vigorous 
intensity, moderate intensity, walking) to estimate the total number of minutes engaged in 
physical activity per week. Total weekly physical activity was estimated by converting the 
activity items into multiples of the basal resting energy expenditure (Metabolic Equivalent 
of Task= MET).78  When persons had one missing value for one of the three activity 
items (vigorous-intensity, moderate-intensity, walking activities min/day), stratified mean 
scores were imputed for that item. This procedure was applied for 12% of our subjects. 
Imputation was done with use of stratification based on sex and 5-year age strata within 



28

the depression or control group. The dependent variable (total MET minutes per week) 
was not normally distributed and could not be normalized by log transformation due to 
seven extreme outliers. These outliers were therefore trimmed at the group mean plus 
three standard deviations, which resulted in an acceptable distribution. To improve the 
interpretation of the strength of the associations with physical activity, the total MET 
minutes per week will be included as Z-scores in the multivariate analyses (see tables 2 
and 3).  The psychometric properties of the IPAQ are acceptable for adults.76 For persons 
> 60y, the criterion validity is adequate in the general population using the MET-minutes 
as a continuous variable.79

Depression
The data on depression characteristics, age of first depressive episode and classification 
of clinically relevant depressive syndromes (major/minor depression and dysthymia) 
were obtained from the Composite Interview Diagnostic Instrument (CIDI) version 2.1, 
developed by the WHO in 1997.80 The depression variable was dichotomized in the 
analysis (yes/no). Subjects were included in the depressed group if they had a past-month 
diagnosis of depression (see section ‘participants’). Severity of depressive symptoms 
was measured with the Inventory of Depressive Symptoms (IDS).81 To examine different 
symptom dimensions of late-life depression, mood, motivation, and somatic subscales 
were used. These three homogenous symptom subscales of the IDS have a good fit with 
exploratory and confirmatory factor analyses in the NESDO study.82

Other characteristics
Variables that have been demonstrated to be associated with both physical activity and 
depression will be examined as confounders (or explanatory factors) in the comparison 
between depressed and non-depressed people (objective 1) and as correlates of physical 
activity in depression within the depressed subgroup (objective 2).  The characteristics will 
be clustered into cognitive function, somatic condition, psychosocial factors, and other 
lifestyle behaviour to examine the possible correlates  of physical (in)activity in depressed 
persons > 60y.  

Cognitive function is operationalized in four domains based on factor analyses 
in  NESDO data83 and displayed in Z scores. These four domains were interpreted 
as memory (immediate and delayed recall), processing speed (Stroop card I and II), 
interference (interference score of the Stroop), and working memory (digit span forwards 
and backwards).84 

Somatic condition  Functional limitations were measured by the WHO-Das.85 This self-
report questionnaire captures the level of functioning in six major life domains: cognition, 
mobility, self-care, getting along, life activities, and participation in society. In this study, 
the total score (range 0-100) is used as a continuous variable. Higher scores indicate 
more functional limitations. 
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Medication use was defined as the total number of different medications that were used in 
the past six months and was obtained from the interview. The research nurses completed 
this information with a container check during the interview. 

Body Mass Index (BMI) was calculated as weight in kilograms divided by the square of 
height. 

The number of chronic diseases was assessed by self-report questions about the 
presence of somatic diseases (cardiac diseases, cerebrovascular accident, hypertension, 
peripheral atherosclerosis, diabetes mellitus, chronic non-specific lung disease, liver 
diseases, thyroid diseases, epilepsy, intestinal diseases, arthritis/arthrosis, and cancer). 
The accuracy of self-reports of these diseases was shown to be adequate and independent 
of cognitive impairment, in comparison with data obtained from general practitioners.86 

Lifestyle factors. Smoking of subjects was dichotomized into current smoker and non-
smoker/former smoker. Alcohol use was scored and classified with the Alcohol Use 
Disorders Identification Test (AUDIT), whereby the cut-off score ≥ 7 indicates hazardous 
and harmful alcohol use in persons > 60y.87

Psychosocial and environmental factors. Data of partner status and network size were 
obtained from a selection of the Close Person Inventory (CPI).88 The Mastery Scale was 
used to determine the sense of mastery of one’s own life.89 Lower scores (range 5-25) 
indicate a higher sense of mastery. 

Data on demographics (age, educational level, gender) and treatment setting at time of 
interview were obtained from general questions from the baseline interview. There were 
three possible treatment settings at time of interview: inpatient or outpatient psychiatric 
treatment, and primary care.  In this study, we transformed this in the variable ‘inpatient 
setting’ , whereby inpatient psychiatric treatment = yes;  primary care / outpatient 
psychiatric treatment = no). 

Analysis
At first, demographics and clinical characteristics of the depressed and non-depressed 
participants were examined using independent sample t-tests for normally distributed, 
continuous variables, nonparametric Mann Whitney U tests for skewed continuous 
variables and χ2 tests for categorical variables. Then, to control for possible confounding in 
the association between physical activity and depression, a logistic regression model was 
built with depression status (yes/no) as the dependent variable, and physical activity (total 
MET per week Z-score) as the independent variable. Unadjusted analyses were carried 
out. Gender, education and age were then added to the model. Subsequently, multiple 
logistic regression models were built, each with a different set of covariates - clustered into 
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cognitive function, somatic condition, psycho-social determinants, and lifestyle factors.  
In the second round of analysis, In order to identify correlates of physical activity in 
depressed persons > 60y, subsequent analyses were carried out on the depressed group 
only. Linear regression models with physical activity as the dependent variable were built. 
After univariate regression analyses (model 1), the determinants were divided into five 
clustered groups (depression features, cognitive function, somatic condition, lifestyle, and 
psycho-social/environmental factors) (model 2). The significant variables of model 2 were 
then combined in a final model (model 3).  All three models were adjusted for age, gender, 
and educational level.

Multicollinearity was tested using the variance-inflating factor (VIF). 

Statistical Package of the Social Sciences (SPSS) 19.0 software for Windows was used 
to perform the statistical analyses.

Results
The depressed group showed lower levels of physical activity, had lower educational 
levels, smaller social networks, lower overall levels of cognitive functioning and sense of 
mastery, more functional limitations, more chronic diseases, used more medication, and 
had higher IDS-scores than the non-depressed control group (table 1).
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Table 1: Demographics and clinical characteristics of depressed and non- depressed adults above 
the age of 60

Characteristics1 Depressed group
(N=295)

Control group
(N=128)

P

Social demographics
• Age, median (range) 69 (60 - 90) 68.5 (60 - 93) .533
• Gender,  % male :  % female 35.6 : 64.4 39.8 : 60.2 .405
• Education years, mean (SD) 10.3 (3.49) 12.5 (3.51) <.001
Cognition
• Memory, mean (SD) -0.1463 (0.9664) 0.2770 (0.8330) <.001
• Speed, mean (SD) -0.1007 (0.9594) 0.3074 (1.7749) <.001

• Working memory, mean (SD) -0.0549 (0.8733) 0.2017 (0.8202) .005
• Interference score , mean (SD) 0.1307 (1.0290) -0.3798 (0.8102) <.001
Somatic condition

• Functional limitations,  median (range) 27 (0 - 60) 5.0 (0 - 36) <.001
• Number chronic diseases, median (range) 2 (0 - 8) 1 (0 - 4) <.001
• Medication use,  median (range) 5.0 (0 - 15) 3.0 (0 - 15) <.001
• BMI, mean (SD) 26.4 (4.48) 27.1 (4.08) .136
Lifestyle
• Harmful alcohol use, % 62.2 37.8 .220
• Smoker, % 27.3 7.8 <.001
• MET-minutes p/w,  median (range) 1533 (0 - 10471.4) 2560 (0 - 10471.4) <.001
Psycho-Social

• Partnerstatus,  % with partner 51.7 76.0 <.001
• Network, % <.001
• -Small (0-5) 62.2 26.4
• -Middle (6-10) 25.8 36.8
• -Large (>10) 12 36.8
• Sense of Mastery, mean (SD) 15.6 (3.06) 10.7 (2.26) <.001
Depression (symptoms)
• IDS total, median (range) 26 (0 - 47) 6.0 (0 - 32) <.001

1Demographics and clinical characteristics of the participants were examined using independent samples t-tests 
for continuous variables (mean (SD)), nonparametric Mann Whitney U tests for skewed continuous variables 
(median (range)) and χ ² tests for categorical variables (%). Abbreviations: BMI: Body Mass Index, MET: Metabolic 
Equivalent of Task, IDS: Inventory of Depressive Symptoms.
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Table 2 shows that an association between physical activity and depression (yes/
no) in persons > 60y was independent of socio-demographic, cognitive, and lifestyle 
characteristics, but could be explained by both somatic condition and psychosocial 
factors. Post hoc analyses showed that within the psychosocial characteristics, a lower 
sense of mastery was the most important trait, while in the somatic domain, the most 
significant determinant was increased functional limitations (data not shown). A final post 
hoc analysis showed that these two determinants - mastery and functional limitations 
– account for a reversal of the association between physical activity and depression (a 
change in B  from -307 to .133; adjusted for age, gender and education).

Table 2: The association of physical activity with depression (yes/no*) as the dependent variable 
using different logistic regression models

Association with total MET minutes per week (Z score) B S.E. Exp(B) 95% CI Sig.

Unadjusted (model 1) -.320 .102 .726 [0.595 - 0.887] .002

Adjusted for age, gender and educational level (model 
2)

-.307 .109 .736 [0.594 - 0.911] .005

Model 2 additionally adjusted for (in 4 separate 
models):

• Cognitive function (speed, working  
memory, interference, memory) 

-.313 .120 .731 [0.578 - 0.926] .009

• Somatic condition (Functional limitations, chro-
nic diseases, medication, BMI)

-.042 .154 .959 [0.709 - 1.296] .784

• Lifestyle  (smoking/harmful alcohol use) -.365 .116 .694 [0.552 - 0.872] .002

• Psycho social/environment   
(network/mastery, inpatient setting)

-.152 .170 .859 [0.615 - 1.200] .373

Model 2 additionally  adjusted  post hoc for

• Mastery and functional limitations .133 .185 1.142 [0.795 - 1.639] .472

*depression: yes: persons from the depressed group were included if they had a past-month depression 
diagnosis; No: non-depressed comparison group. BMI: Body Mass Index. Adjusted = corrected for age, gender 
and educational level with multiple logistic regression analyses. Additionally, separately adjusted with stepwise 
method for cognition, somatic condition, life style, psycho social/environmental factors. Post hoc: Adjusted for 
most important traits from the 4 separate models

Table 3 presents the correlates of physical activity in depressed persons > 60y only. 
An inverse association was found between physical activity and the severity of depression. 
This association remained significant after adjusting for age, gender and educational level. 
This relation is the strongest for the motivation symptom dimension of depression (left out 
in the further models because of multicollinearity). 
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In regard to cognition, memory showed only a univariate positive association with physical 
activity. The other cognitive measures and multivariable analyses showed no significant 
associations between cognition and physical activity.

In regard to somatic condition, increased functional limitations and higher use of 
medication were associated with lower levels of physical activity. Post-hoc analyses 
on the various domains of the WHO-DAS pointed out that ‘getting around’, ‘self-care’, 
‘household activity’ and ‘participation in society’ were the major domains associated with 
lower levels of physical activity, whereas ‘understanding and communication’ and ‘getting 
along with people’ were not (data not shown). 

Neither smoking nor alcohol use showed an association with physical activity in the 
depressed group.

Environment (inpatient setting) was significantly associated with lower levels of physical 
activity in depressed persons aged 60 and over , but psychosocial factors (partner status, 
network size, sense of mastery) were not.

The final regression model including all significant correlates together identified the 
following distinguishing features for lower levels of physical activity in the people above 
the age of 60  with current depression: more functional limitations, inpatient setting, and 
higher use of medication. This final model explained 16% of the sample outcome variance 
(R2  = .159) which was found to significantly predict outcome, F = 7.6, p = < .001. The 
association between severity of depression and lower levels of physical activity did not 
remain significant.
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Table 3: Correlates of physical activity in depressed adults above the age of 60

Model  1a Model  2b Model 3c

N β p N β p N β p

Depression 285 288
• Age of onset 289 -.03 .684 -.07 .275
• Severity/symptoms (IDS) 290 -.20 .001 -.20 .001 -.06 .396
• Subscale Somatic 265 -.14 .027

• Subscale Mood 290 -.13 .022
• Subscale motivation 287 -.25 <.001

Cognitive function 273
• memory 292 .14 .020 .13 .065
• Speed 287 .12 .059 .09 .223
• Working memory 285 .08 .214 .04 .537
• Interference score 282 .05 .428 .07 .256
Somatic condition 291
• Functional limitations 294 -.27 <.001 -.23 <.001 -.24 <.001
• Chronic diseases 294 -.05 .418 .08 .219
• Medication use 292 -.20 .001 -.16 .010 -.12 .038
• BMI (total) 293 .01 .013 -.09 .119

Lifestyle 288
• Smoking 290 .05 .444 .05 .436
• Harmful alcohol use 288 -.10 .104 -.10 .102

Psycho-Social/environment 268
• Partner status 291 -.04 .546 -.04 .501
• Network  ref. middle 290
        - small -.03 .677 -.01 .866
        - large .07 .258 .09 .200
• Sense of mastery 269 -.08 .210 -.06 .297
• Inpatient setting 294 -.13 .020 -.14 .023 -.13 .020

R2 .159

F  7.6 .000

BMI: Body Mass Index, IDS= Inventory of Depressive Symptoms. Model 1 t/m3 adjusted for age, gender and 
education;           
a univariate linear regression analyses with physical activity (total MET minutes per week in  Z-score) as dependent 
variable; b linear regression models per cluster (depression, cognitive function, somatic condition, lifestyle, psycho-
social/environment) with physical activity as dependent variable; c significant variables model 2
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Discussion
People aged 60 and over with depression are less physically active in comparison with 
their non-depressed counterparts. This difference was independent of socio-demographic 
features, cognitive function and other lifestyle factors. However, a lower sense of mastery 
and more functional limitations were found to be the major explanatory factors for the 
difference in physical activity. Furthermore, this study revealed that among depressed 
people  above the age of 60, more functional limitations, inpatient setting, and more 
medication were associated with a lower level of physical activity.  

To our knowledge, this is the first study describing correlates of physical activity in 
depressed people above the age of 60.  Earlier studies investigated the association of 
physical activity and depressive symptoms in younger adults with and without depression, 
in the general population, or in healthy older subjects.62,90 Other studies investigated the 
effect of a physical activity intervention on depression (symptoms).91,92 Less attention was 
paid to the level of physical activity prior to intervention or the determinants of physical 
activity in these groups. 

Although most of the studies focus on the general population, the results of these studies 
are in line with our initial finding that depressed people above the age of 60 are less 
physically active. Longitudinal studies show that people aged 60 and over with emerging 
depression are more likely to concurrently adopt a sedentary lifestyle.40 In general, lifestyle 
and cognitive function are independent determinants of physical activity.75 Although late-
life depression is associated with impaired cognitive functioning21 and a less healthy life-
style,40  these characteristics did not explain the lower level of physical activity in patients 
with late-life depression. Interestingly, sense of mastery and functional limitations were 
the major correlates of the difference in physical activity between the depressed and 
non-depressed people aged 60 and over.  Our finding that functional limitations and 
psychological factors are associated with physical activity is in line with the opinion of  
an expert panel on determinants of physical activity that considered these factors to be 
relevant contributors to physical activity in people > 50y.70 On the other hand, research on 
this topic in healthy people > 60y did not find the association with functional limitations 
and physical activity.93 Next, a systematic review on the topic concluded that due to a 
lack of high quality studies, there is insufficient evidence for most associations between 
physical and psychological factors and physical activity in healthy persons > 50y.67  

Our results suggest that in the development of interventions aimed at increasing physical 
activity in people above the age of 60, particularly those with depression, attention should 
be given to psychotherapeutic interventions to strengthen the sense of mastery, as well 
as interventions to cope with functional limitations.   
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Furthermore, we found that the least active persons aged 60 and over in the depressed 
group showed more functional limitations, were more often inpatients, and used more 
medication.  

In another, population-based study, the association between lower levels of physical 
activity and functional limitations in subjects with depressed mood was also found.94 This 
longitudinal study showed that depressed mood in persons > 60y increased the risk of 
incident physical disability. Lower levels of physical activity - together with fewer social 
contacts - were the strongest behavioural predictors of physical disability. 

Implications
The major challenge is to translate these results into interventions that actually increase 
physical activity in depressed people above the age of 60 or prevent people with these 
risk factors from becoming inactive. 

In general, the prescription of physical activity by medical professionals must be seen as 
an element in the (stepped) care for depression and should form part of psychological 
education, explaining the importance of increasing physical activity because of its positive 
impact on health.95

Due to their heterogeneity, people aged 60 and over would likely benefit from intervention 
approaches targeted at their specific needs, preferences, and circumstances.96 Screening 
based on personal physical activity, opportunities and threats should be an explicit 
component for mental health professionals in care diagnostics and goal-setting with the 
individual patient.97 The fact that physical activity results in greater energy costs with aging98 
implies that older inactive people might benefit from even small increases in physical 
activity.  This indicates that the objective should be easy, accessible intervention that can 
be applied in everyday situations, and preferably in an inviting, enriched environment.99,100 
Focusing on increasing physical activity in these everyday activities, especially in clinical 
settings,101 is probably more suitable and achievable than the structured group programs 
recommended in the guidelines for depression.102 Motivation and enrichment of the 
environment through serious gaming is one of the most promising, but still unexplored 
opportunities in these subjects.103

Strengths and Limitations
One of the major strengths of this study is that our results are based on a large sample of 
clinically depressed older persons that include different stages of depression and different 
healthcare settings. Furthermore, we included many known potential determinants and 
confounders of the relation between physical activity and depression in persons > 60y.
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Because of the explorative character of this study, we have chosen to examine the main 
correlates within the relevant clusters (socio-demographic, lifestyle, somatic condition, 
cognition, and psychosocial and environmental characteristics). Future research should 
explore in-depth analyses of the identified correlates, for example, which functional 
limitations and types of medication are most relevant. 

This study is based on cross-sectional data, so no conclusions can be drawn regarding 
the direction of the associations and causality. Furthermore, assessing physical activity 
with the aid of questionnaires may result in information bias, as previous studies have 
suggested that people over 60 over-report their level of physical activity.104 In addition, 
due to the negative cognitive bias inherent to depressed states, depressed subjects 
could possibly underestimate their own physical activity. To our knowledge, there is no 
further evidence to support this assumption. However, compared to other self-reported 
physical activity questionnaires, the IPAQ was one of the questionnaires with the most 
acceptable psychometric properties.105 

Conclusion
This study confirms that depression is related to lower levels of physical activity in  people 
above the age of 60. More functional limitations and lower sense of mastery are the 
factors that explain this association. 

Patient characteristics appear to be more important than the depression diagnosis itself 
or the severity of depression. New specific interventions aimed at increasing physical 
activity in depressed people above the age of 60  - especially in inpatients - should 
take individual functional limitations into account. Also, specialised psychotherapeutic 
interventions could aim at improving sense of mastery and thereby improve physical 
activity. 
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