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ABSTRACT

Background

In old age, both apathy and depression have been associated with an increased cardio-
vascular disease (CVD) risk. This study evaluated the mediating role of cardiovascular 
risk factors in the relationship of apathy and mood symptoms with incident CVD. 

Methods

Prospective cohort study of 1790 community-dwelling older individuals (70-78 years) 
without a history of CVD or stroke. At baseline, apathy and mood symptoms were as-
sessed with the 15-item Geriatric Depression Scale (GDS-15), of which 3 items repre-
sent apathy symptoms. The mediational risk factors included were diabetes mellitus 
(DM), body mass index (BMI), current smoking, physical inactivity, systolic blood pres-
sure, and total cholesterol. Incident CVD was evaluated after two years of follow-up. 
Data were analyzed using structural equation modeling (SEM).  

Results

Incident CVD occurred in 59 (3.3%) participants. Apathy symptoms had a significant 
estimated total effect on incident CVD, with increases of 2.2% for each unit increase in 
apathy score. Of this total effect, 22.7% was due to the mediational effects of physical 
inactivity (13.6%), current smoking (4.5%), and DM (4.5%). The remaining 77.3% was 
due to direct effects reflecting other mediational dynamics. No significant (in)direct ef-
fects of mood symptoms on incident CVD were found. 

Conclusions

Physical inactivity, smoking, and DM account for nearly one-fourth of the variation re-
flecting the link between apathy symptoms and incident CVD. This illustrates the rele-
vance of unfavorable health behaviors and assessment of DM in older individuals with 
apathy. The majority of the effect of apathy symptoms on incident CVD is caused by 
other, yet unknown, factors. 
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INTRODUCTION

Depression has been shown to be an independent risk factor for incident CVD in older 
adults.1 It has been suggested that the unfavorable effect of depression on CVD risk is 
partly mediated by unhealthy behaviors, such as smoking and low physical activity, that 
are often present in depressed individuals.1,2 Furthermore, depression has been associ-
ated with an increased risk of other cardiovascular risk factors such as hypertension and 
DM,3,4 which may in turn increase the risk of CVD. 

The association of depression with vascular disease is consistent with the “vascular 
depression” hypothesis.5 Recently, we however found that a separate motivational clus-
ter consisting of apathy-like symptoms, that has been repeatedly identified within the 
GDS-15,6,7 strongly increases the risk of incident CVD in community-dwelling older in-
dividuals. This was not the case for mood symptoms as assessed by the remaining items 
of the GDS-15.8 These findings are in line with the “vascular apathy” hypothesis, which 
was proposed earlier based on a cross-sectional association of apathy symptoms with a 
history of CVD and stroke and the finding that individuals with vascular disease were at 
higher risk of developing apathy but not depression.9 The existence of a separate apathy 
dimension within the GDS-15, next to a dimension that represents mood symptoms, is 
congruent with the somatic-affective and cognitive-affective clusters that have been 
identified within the Beck Depression Inventory (BDI).10 Several studies in patients with 
heart disease have shown that particularly the somatic-affective component of the BDI 
is associated with adverse cardiovascular outcomes.11 This is in line with our finding of 
a unique association between the apathy cluster as identified from the GDS-15 and an 
increased risk of incident CVD.8

The differential longitudinal effects of apathy and mood symptoms on CVD risk 
support the notion that the two sets of symptoms need to be distinguished. Although 
apathy, which is mainly characterized by motivational impairment,12 can occur in the 
context of depression, a substantial body of literature suggests that it is distinct from 
depression and that it can exist as a discrete behavioral syndrome, both in patients with 
neurodegenerative diseases, as well as in healthy older individuals.13-17 Apathy can be 
distinguished from depression by diminished motivation in the absence of concomi-
tant dysphoric symptoms, including feelings of sadness, worthlessness and hopeless-
ness.13,15 The differentiation between both constructs may not only be important from a 
conceptual point of view, but also from a clinical perspective, since different treatments 
and prognosis apply.15,16  

The mechanisms by which apathy symptoms increase CVD risk are not yet under-
stood. Apathy symptoms may, more so than mood symptoms, induce unhealthy behav-
iors, such as physical inactivity, and other cardiovascular risk factors, given that lack of 
self-motivation and diminished goal-directed behavior are core features of apathy.12 
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These cardiovascular risk factors could mediate the association of apathy symptoms 
with CVD risk. The present study explores whether apathy symptoms as identified from 
the GDS-15 and the remaining mood symptoms are differentially associated with car-
diovascular risk factors and whether these risk factors act as mediators in the relation-
ship with incident CVD. This way potential targets for CVD prevention could be iden-
tified. SEM was used to quantify both the mediating role of cardiovascular risk factors 
in the relationship of apathy and mood symptoms with incident CVD (indirect effects), 
as well as the unique contribution of both apathy and mood symptoms to incident CVD 
over and above what cardiovascular risk factors explain (direct effects) (Figure 1).

Figure 1. Conceptual model for relationships between baseline apathy and mood symptoms, cardio-
vascular risk factors, and incident cardiovascular disease after two years of follow-up. Age, 
gender, and level of education are included as covariates for all endogenous variables and are 
correlated with apathy and mood symptoms (not shown). Error terms of all cardiovascular risk 
factors are correlated with each other (not shown).

 BMI: body mass index. 
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METHODS

Participants

The study sample consisted of 1802 participants of the Prevention of Dementia by 
Intensive Vascular Care (preDIVA) trial without previous CVD or stroke and who com-
pleted the two-year follow-up interview. A complete overview of selection of these 
participants has been described previously.8 In addition, four participants who did not 
complete the two-year follow-up interview due to a cardiovascular death within two 
years after randomization were added to the 1802 participants, resulting in 1806 par-
ticipants for analysis.

The preDIVA study (ISRCTN29711771) is an ongoing, cluster-randomized trial car-
ried out in primary care to assess the efficacy of nurse-led, multi-component intensive 
vascular care with incident dementia and disability as primary endpoints. Secondary 
outcomes are mortality, cognitive decline, depression, incident stroke/transient isch-
emic attack (TIA), and incident CVD (including myocardial infarction, angina pectoris, 
and peripheral arterial disease). The full details of the preDIVA study design have been 
published elsewhere.18 In brief, all individuals in participating general practitioner (GP) 
practices aged 70-78, without dementia and able to visit their primary care practice, 
were eligible for inclusion. Individuals with a condition assumed to impede a successful 
long term follow-up (e.g. terminal illness, alcoholism) were excluded by their GP. From 
May 2006 to March 2009, 3533 community-dwelling elderly were included, reflecting 
a participation rate of 53.3%. Follow-up measurements are taken at two, four, and six 
years. Ethical approval was obtained from the Medical Ethics Committee of the Aca-
demic Medical Center, Amsterdam. Participants gave written informed consent before 
enrollment. For the present analyses the study sample is considered as a cohort, irre-
spective of randomization group. 

Assessment of apathy and mood symptoms

At baseline, demographic characteristics (age, gender, and level of education (<7 years, 
7-12 years, and >12 years)) were assessed. Participants were screened for baseline apa-
thy and mood symptoms with the GDS-15.19 A principal component analysis of the 
GDS-15 has shown that a three item apathy sub-domain can be identified (along with 
a subdomain representing general depressive affect and a subdomain representing life 
satisfaction).6 This apathy factor was replicated in a principal component analysis per-
formed within the preDIVA baseline data.7 The apathy items are: (1) Have you dropped 
many of your activities and interests?; (2) Do you prefer to stay at home, rather than 
going out and doing new things?; and (3) Do you feel full of energy? (reverse-coded). 
These items showed a sensitivity of 69% and a specificity of 85% compared with the 
14-item Apathy Scale of Starkstein in individuals 85 years or older.9 Face validity was 
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confirmed by an expert team of psychiatrists, behavioral neurologists, and neuropsy-
chologists who were unaware of these factor analyses.9 Based on these findings, an 
apathy score was calculated by summing the three items (GDS-3A; range 0-3 points, 
higher scores indicating more apathy symptoms). The remaining 12 items were con-
sidered to represent mood symptoms and a mood score was calculated based on the 
sum of these items (GDS-12D; range 0-12 points, higher scores indicating more mood 
symptoms). 

Assessment of CVD and cardiovascular risk factors

At baseline, history of CVD (myocardial infarction, angina pectoris, and peripheral arterial 
disease), stroke/TIA and DM were obtained both by interview with a practice nurse and 
by consulting the electronic medical records (EMR) of the GP. The mediational risk factors 
included in the model were DM, BMI, current smoking, physical inactivity, systolic blood 
pressure, and total cholesterol. BMI was calculated as weight in kilograms divided by 
height in meters squared and a mean systolic blood pressure was calculated from two se-
parate measurements. Level of physical activity (practicing sports, yes/no) was assessed 
with the LASA Physical Activity Questionnaire which has been validated in older individu-
als.20 Smoking status was classified as current smoking versus former and never smoking.   
  At the two-year follow-up interview, occurrence of incident CVD (myocardial in-
farction, angina pectoris, and peripheral arterial disease) was again established by inter-
view and by consulting the EMR of the GP. In addition, hospital discharge letters were 
checked. Fatal incident CVD was assessed by establishing the cause of death of all par-
ticipants who had died within two years after randomization using the EMR. An expert 
panel of independent senior specialists (Cardiology, Neurology, Psychiatry, Geriatrics, 
and General Practice) classified the causes of death by consensus into cardiovascular 
mortality or mortality due to other causes.

Statistical analysis

SEM
In the current analyses SEM was applied because it permits to evaluate both the media-
ting role of cardiovascular risk factors in the relationship of apathy and mood symptoms 
with incident CVD (indirect effects), as well as the unique contribution of both apathy 
and mood symptoms to incident CVD over and above what cardiovascular risk factors 
explain (direct effects). Thus, SEM addresses the challenge of collinearity between apa-
thy and mood symptoms when estimating their respective effects on incident CVD. In 
addition, the use of SEM allowed us to take into account potential bias in estimates 
of coefficients due to random measurement error. The tested models recognized that 
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other, unmeasured mediators may operate, hence a direct effect of apathy and mood 
symptoms on incident CVD was modeled (Figure 1). 

The proposed conceptual model
The model presented in Figure 1 was fit to the data. Age, gender, and level of education 
were included as covariates. As a sensitivity analysis, the model was also fit including 
the treatment status of the preDIVA trial as an additional covariate, since this status 
may influence both the number of individuals with apathy/mood symptoms at two 
years follow-up and the outcome incident CVD. Because there are dichotomous endo-
genous variables, a modified linear probability model (MLPM) was fit (with Huber-White 
robust maximum likelihood estimation). For the justification of such modeling and a full 
description of the statistical procedures, including handling of outliers, non-normality, 
and missing data, tests for specification error and measurement error, and remaining 
sensitivity analyses see appendix. After applying full information maximum likelihood 
estimation for missing data, the final study sample consisted of 1790 participants. 

RESULTS

Characteristics of the study sample

Table 1 shows the characteristics of the 1790 participants. At baseline, the mean age 
was 74.1 (SD 2.5), 59.9% of participants were female, and 97.7% were Caucasian. Most 
participants (65.0%) had 7-12 years of education. Mean Mini-Mental State Examination 
score was 28.3 (SD 1.7). Incident CVD occurred in 59 (3.3%) participants during the 
two-year follow-up. Supplementary table S1 shows the characteristics of the 1790 par-
ticipants separately for the intervention and control group of the preDIVA trial. The two 
groups appeared to be slightly different with regard to some cardiovascular risk factors. 
However, there were no considerable differences with regard to severity of apathy and 
mood symptoms, nor were there any significant differences in other neuropsychiatric 
measures, demographic characteristics, or number of incident cases of CVD.

The association of apathy and mood symptoms with cardiovascular risk fac-
tors and of cardiovascular risk factors with incident CVD

Figure 2 shows the results of the primary SEM analysis of the proposed model. Interpre-
tational heuristics for the path coefficients are presented in the appendix. All text refe-
rences to path coefficients refer to unstandardized path coefficients. Apathy symptoms 
were significantly associated with the cardiovascular risk factors DM (path coefficient 
0.025; p≤0.036), BMI (path coefficient 0.361; p≤0.019), current smoking (path coefficient 
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Table 1. Characteristics of the study sample (n=1790)

Characteristic Mean (SD) / N (%) / Median (IQR)
Baseline	demographics

						Mean	age	(years)	(SD) 74.1	(2.5)
						Male	gender,	n	(%) 718	(40.1)
						Educational	levela

											Low	(<7	years),	n (%) 389	(21.7)
											Intermediate	(7‑12	years),	n (%) 1164	(65.0)
											High	(>12	years),	n (%) 237	(13.2)
						Caucasian,	n (%) 1749	(97.7)

Baseline	cardiovascular	risk	factors

						Diabetes	Mellitus,	n (%) 291	(16.3)
						Mean	BMI	(SD),	kg/m2	 27.3	(4.3)
						Current	smoking,	n (%) 215	(12.0)
						Physical	inactivity,	n (%) 711	(39.7)
						Mean	systolic	blood	pressure	(SD),	mmHg 155.6	(20.7)
						Mean	total	cholesterol	(SD),	mmol/L 5.5	(1.0)

Baseline	neuropsychiatric	measures

					Median	GDS‑15	(IQR) 1	(0	‑	2)
					Median	GDS‑3A	(IQR) 0	(0	‑	1)
					Median	GDS‑12D	(IQR) 0	(0	‑	1)
					GDS‑3A	score	0,	n (%) 1030	(57.5)
					GDS‑3A	score	1,	n (%) 481	(26.9)
					GDS‑3A	score	2,	n (%) 196	(10.9)
					GDS‑3A	score	3,	n (%) 83	(4.6)
					GDS‑12D	score	0‑1,	n (%) 1530	(85.5)
					GDS‑12D	score	2‑3,	n (%) 159	(8.9)
					GDS‑12D	score	4‑5,	n (%) 58	(3.2)
					GDS‑12D	score	>5,	n (%) 43	(2.4)
					Mean	MMSE	score	(SD) 28.3	(1.7)

Incident	cardiovascular	disease,	n (%) 59	(3.3)

SD = standard deviation; IQR = interquartile range; BMI = body mass index; GDS-15 = 15-item Geriatric 
Depression Scale; GDS-3A = 3-item apathy subscale of the 15-item Geriatric Depression Scale; GDS-12D 
= 12-item mood subscale of the 15-item Geriatric Depression Scale; MMSE = Mini-Mental State Exami-
nation. a Percentages do not add up to 100 because of rounding.

0.030; p≤0.005), physical inactivity (path coefficient 0.125; p<0.001), and systolic blood 
pressure (path coefficient 1.639; p≤0.011). Mood symptoms were significantly inversely 
associated with systolic blood pressure (path coefficient -0.867; p≤0.013). No significant 
associations were found with other cardiovascular risk factors. The cardiovascular risk 
factors that were significantly associated with incident CVD were DM (path coefficient 
0.043; p≤0.007), current smoking (path coefficient 0.035; p≤0.043), and physical inacti-
vity (path coefficient 0.021; p≤0.028). Including the treatment status of the preDIVA trial 
as a covariate did not affect any of these associations (Supplementary figure S1).

90

Chapter 4



Apathy 
symptoms

Mood 
symptoms

Incident 
cardiovascular disease

Diabetes Mellitus

BMI

Current smoking

Physical inactivity

Systolic blood 
pressure

Total cholesterol

0.
44

3*

Figure 2. Unstandardized path coefficients for the relationships between baseline apathy and mood 
symptoms, cardiovascular risk factors, and incident cardiovascular disease after two years of 
follow-up in the 1790 study participants. The relation between apathy and mood symptoms 
is expressed as a correlation.  Age, gender, and level of education are included as covariates 
for all endogenous variables and are correlated with apathy and mood symptoms (not shown). 
Error terms of all cardiovascular risk factors are correlated with each other (not shown). *Paths 
significant at the p≤.05 level. BMI = body mass index.

 a path significant in modified linear probability model (MLPM) and logistic regression sensiti-
vity analysis, but not in probit regression sensitivity analysis. b path not significant in modified 
linear probability model (MLPM) and logistic regression sensitivity analysis, but significant in 
probit regression sensitivity analysis.

The role of cardiovascular risk factors as mediators of the relationship of 
apathy symptoms, mood symptoms and incident CVD

Table 2 presents the unstandardized path coefficients for the total, direct, and indirect 
effects of apathy symptoms on incident CVD. Apathy symptoms had a significant total 
effect on incident CVD (total effect 0.022; p≤0.003). For every unit increase in the apa-
thy score, incident CVD was predicted to increase by 0.022 probability units or 2.2%. 
According to the joint significance test, physical inactivity, DM, and current smoking 
were significant mediators in the relationship between apathy symptoms and incident 
CVD since these risk factors were associated with both apathy symptoms and incident 
CVD. A decompositional analysis showed that of the total effect of apathy symptoms on 
incident CVD, 22.7% was due to the mediational effect of these cardiovascular risk fac-
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tors (total indirect effect coefficient: 0.005; (0.005/0.022)(100) = 22.7%; p≤0.001). The 
coefficients for the indirect effect of each separate mediator were: 0.003 for physical 
inactivity, 0.001 for DM, and 0.001 for current smoking. Consequently, physical inacti-
vity, DM, and current smoking accounted for respectively 13.6% (0.003/0.022=0.136), 
4.5% (0.001/0.022=0.045), and 4.5% (0.001/0.022=0.045) of the total effect of apathy 
symptoms on incident CVD. The remaining 77.3% of the total effect of apathy symptoms 
on incident CVD was due to the direct effect of apathy symptoms on incident CVD 
beyond what cardiovascular risk factors explained (direct effect: 0.017; (0.017/0.022)
(100) = 77.3%; p≤0.022). This direct path reflects the effect of other, unexamined me-
diators. For mood symptoms, no significant direct or indirect effects on incident CVD 
were found. Similar results were found when the treatment status of the preDIVA trial 
was included as a covariate (Supplementary table S2).

Specification error, measurement error, and remaining sensitivity analyses

No statistically reliable non-linearity and no theoretically meaningful two-way interac-
tion effects between cardiovascular risk factors were observed in the data. With regard 
to measurement error, only one result that was statistically significant became non-sig-
nificant when adjusting for unreliability using the strategy and the levels of unreliability 
described in the appendix; the p-value for the path coefficient from physical inactivity 
to CVD changed from p≤0.028 to p≤0.078. A sensitivity analysis using a logistic regres-
sion framework did not change the significance patterns of the paths leading to dicho-
tomous outcomes. However, when a sensitivity analysis using robust probit regression 

Table 2. Unstandardized path coefficients for the total, direct, and indirect effects of apathy symptoms 
on incident cardiovascular disease in the 1790 study participants

Apathy symptoms a Unstandardized path 
coefficient

p 

Total	effect: 0.022 0.003

Direct	effect 0.017 0.022
Total	indirect	effect: 0.005 0.001
• Specific	indirect	effect	DM b 0.001 0.036 

• Specific	indirect	effect	BMI	b 0.000 		0.95
• Specific	indirect	effect	current	smoking	b 0.001 0.043 

• Specific	indirect	effect	physical	inactivity	b 0.003 0.028
• Specific	indirect	effect	systolic	SBP	b 0.001 		0.18
• Specific	indirect	effect	total	cholesterol	b 0.000 		0.94

DM = diabetes mellitus; BMI = body mass index; SBP = systolic blood pressure. aAge, gender, and level of educa-
tion are included as covariates. bThe sum of the specific indirect effects does not equal the total indirect effect 
due to rounding error. P-values are based on the joint significance test; the largest p-value in the causal chain 
is reported. 

92

Chapter 4



analysis was applied, two differences emerged: (1) the path from physical inactivity to 
incident CVD lost significance (probit regression: p≤0.10; MLPM: p≤0.028) and (2) the 
path from cholesterol to incident CVD became significant (probit regression: p≤0.017; 
MLPM: p≤0.33). The statistical significance of the other path coefficients remained 
unchanged. The above results for measurement error and probit modeling suggest that 
some caution should be exercised when drawing conclusions about the impact of phy-
sical inactivity on CVD.

DISCUSSION

The present study found that apathy symptoms were significantly associated with inci-
dent CVD, and that this was partly mediated by physical inactivity, current smoking, and 
presence of DM. Together, these risk mediators accounted for 22.7% of the association 
between apathy symptoms and incident CVD, indicating the importance of assessment 
and treatment of unfavorable health behaviors and DM in older individuals with apathy 
symptoms. The majority (77.3%) of this link was however due to other, unmeasured fac-
tors. No statistically significant association was found between mood symptoms and in-
cident CVD. This is consistent with our previous results8 and also with other research21 
that found symptoms of apathy, but not depression, to be associated with CVD, and 
strongly suggests the importance of discriminating the two sets of symptoms. In con-
trast to previous studies, the present study used a statistical approach (SEM) that al-
lowed to address the problem of collinearity between apathy and mood symptoms and 
to take into account measurement error. Although the total effect of apathy symptoms 
on incident CVD (2.2%) may appear small, an increase of apathy score from 0 to 3 (3 
units) is associated with 6.6% increase in incident CVD. When this percentage is extra-
polated to the number of individuals affected in a large population, the effect size is, in 
our judgment, substantial.

Apathy symptoms were positively associated with several cardiovascular risk fac-
tors. In line with these findings, both the somatic-affective component of depression, 
as well as atypical depression (which is characterized by hypersomnia, loss of energy 
and other motivational symptoms) have been linked with metabolic dysregulations.22,23 
More in particular, regarding the observed association with DM, it is interesting to note 
that apathy has previously been associated with clinically relevant elevations in HbA1c 
levels.24 A differential association of apathy and mood symptoms with systolic blood 
pressure was found, with apathy symptoms being positively and mood symptoms being 
inversely associated. A similar observation was made by Lamers et al.,22 who reported 
that patients with the mood related melancholic type of depression had a significantly 
lower blood pressure than controls, whilst this was not the case for persons with atyp-
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ical depression. We did not find any positive associations between mood symptoms 
and cardiovascular risk factors, contradictory to the findings of other studies.2-4 This 
discrepancy is difficult to interpret since others studies did not differentiate between 
apathy and mood symptoms.

No significant associations of BMI, systolic blood pressure, and total cholesterol 
with incident CVD were found. This is in line with the prevailing notion derived from 
epidemiologic studies that the predictive value of traditional cardiovascular risk factors 
diminishes with age.25 The failure to observe statistically significant interaction effects 
between these variables also is consistent with this assertion.

It is interesting that the majority of the effect of apathy symptoms on incident CVD 
could not be explained by the measured cardiovascular risk factors. There are at least 
two potential explanations for this finding. First, other unmeasured mediating mecha-
nisms, that also have been suggested to operate in the relationship between depression 
and incident CVD, may apply for apathy symptoms, such as non-compliance with med-
ical recommendations, autonomic imbalance, hypercoagulability, and hypothalamic-pi-
tuitary-adrenal axis dysregulations.26 Another explanation could be the existence of a 
shared etiologic mechanism underlying both apathy and CVD, for instance subclinical 
atherosclerosis caused by cardiovascular risk factors. In that case, the current specified 
model should be reconsidered in such a way that cardiovascular risk factors precede 
apathy rather than being a result of it, and apathy symptoms should then be consid-
ered as a risk marker, rather than an independent risk factor. This is in line with the 
finding that the association of depression in general (including apathy symptoms) and 
incident CVD is markedly attenuated after adjustment for the severity of underlying 
vascular disease.27 Furthermore, atherosclerosis has been associated with an inflamma-
tory process,28 which in turn has been linked to the development of so called “sickness 
behavior”,29 a condition that is characterized by social withdrawal and closely resembles 
apathy. In concordance with this, we recently found that apathy symptoms are associ-
ated with increased C-reactive protein levels.30 In addition, both the somatic-affective 
component of depression, as well as atypical depression have been associated with 
several inflammatory markers.22,31 Taken together, these results may indicate a central 
combined role for atherosclerosis and inflammatory processes in the development of 
both apathy symptoms and cardiovascular events. 

One of the strengths of this study is the large community-based sample and the 
limited number of exclusion criteria, thereby reducing potential selection bias and in-
creasing the external validity. Although healthy user bias may have occurred due to the 
preventive nature of the study, the preDIVA study sample appears to compare well 
with the general Dutch population.7 Another strength is that SEM was used to examine 
meditational dynamics as well as to take into account random measurement error. A 
limitation to the study may be that preDIVA was not primarily designed to measure 
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apathy, potentially leading to a less than optimal indicator of the construct and, as yet, 
no reports are available on the sensitivity and specificity of the GDS-12D. Given these 
limitations, the intention was not to formally diagnose apathy and depression, but to ex-
plore presence of apathy and mood symptoms (rather than discrete states), and to assess 
their differential association with cardiovascular risk factors and incident CVD. It might 
be argued that apathy symptoms are in fact symptoms of depression. However, since 
many studies have shown unique associations of the three-item apathy cluster within 
the GDS-15, independently of mood symptoms, with several biological correlates,7-9,30 
we feel that it is unlikely that the apathy symptoms assessed in this study can be con-
sidered as lack of activity (e.g. social, physical) in the context of depression. Other lim-
itations may be that the follow-up period of two years in this study was relatively short 
and that no time-to-event analysis could be performed due to incomplete information 
on exact dates of incident CVD. In addition, the current study is embedded in a random-
ized controlled trial involving a multi-component intervention targeted towards cardio-
vascular risk factors. The treatment status may not only have influenced the outcome 
incident CVD, but could also have impacted the number of individuals with apathy and 
mood symptoms that was still available for analysis after two years of follow-up. For 
example, an intervention as implemented in preDIVA, which requires 4-monthly visits 
to a practice nurse, may be too burdensome for participants with apathy and/or mood 
symptoms, resulting in a higher drop-out rate of these participants in the intervention 
group and a relative overrepresentation of these individuals in the control group. How-
ever, repeating the analyses including the treatment status as an additional covariate 
did not affect any of the conclusions. Furthermore, it was not possible to account for 
potential reciprocal dynamics of symptoms of apathy and mood with cardiovascular 
risk factors that may have taken place before baseline assessment. For example, apathy 
may have led to a decreased level of physical activity which in turn may have further 
increased apathy. Ignoring these dynamics may lead to overestimation of selected ef-
fects. Although not practicing sports appears to be a good proxy for reduced general 
physical activity, such as walking and cycling, in the elderly,32 a limitation might be that 
this dichotomous variable did not fully capture the various levels of physical activity. 
The same applies for the dichotomous variable current smoking. Finally, nearly all of the 
study participants were Caucasian, which limits the generalizability of findings towards 
other ethnicities. Despite these limitations, the present findings are worthy of further 
investigation and exploration.

In conclusion, the findings of this study provide support for the mediating role of 
physical inactivity, smoking, and DM in the relationship between apathy symptoms and 
incident CVD in older individuals without previous CVD or stroke. This may suggest that 
clinicians should be vigilant of these risk factors, especially since these elderly might be 
prone to withdraw from clinical care due to the nature of apathy symptoms. The find-
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ing that two of the three mediators in the relationship between apathy symptoms and 
incident CVD were behavioral risk factors, i.e. smoking and physical inactivity, indicates 
the importance of recognition of these unfavorable health behaviors in older persons 
with symptoms of apathy, since they are amenable to interventions such as smoking 
cessation counseling and exercise programs.33,34 The results additionally point to the im-
portance of assessment and treatment of DM in these elderly. Furthermore, this study 
strongly suggests that clinicians should be aware of the necessity of distinguishing be-
tween apathy and mood symptoms. 

The present work provides a basis for further evaluation of other, yet unexamined, 
mechanisms through which the majority of the effect of apathy symptoms on incident 
CVD is effectuated. Insight into those mechanisms will eventually be necessary to de-
velop interventions aimed at reducing CVD risk in older persons with apathy symptoms. 
Moreover, to test whether apathy symptoms represent a risk marker rather than a risk 
factor, a longitudinal model could be tested that investigates the primary role of car-
diovascular risk factors in the development of CVD via atherosclerosis, inflammatory 
processes and apathy symptoms. This model should take into account potential recip-
rocal dynamics of apathy symptoms with existing cardiovascular risk factors and the 
possibility that apathy symptoms may enhance the development of new cardiovascular 
risk factors.
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SUPPLEMENTARY MATERIAL

Table S1. Characteristics of all participants and according to the treatment status of the preDIVA trial

Characteristic All participants 
(N=1790)

Control group 
(N=841)

Intervention 
group (N=949)

Pa

Baseline	demographics

						Mean	age	(years)	(SD) 74.1	(2.5) 74.2	(2.5) 74.1	(2.4) .45
						Male	gender,	n	(%) 718	(40.1) 337	(40.1) 381	(40.1) .97
						Educational	levelb

											Low	(<7	years),	n (%) 389	(21.7) 189	(22.5) 200	(21.1) .35
											Intermediate	(7‑12	years),	n (%) 1164	(65.0) 546	(64.9) 618	(65.1)
											High	(>12	years),	n (%) 237	(13.2) 106	(12.6) 131	(13.8)
						Caucasian,	n (%) 1749	(97.7) 825	(98.1) 924	(97.4) .36

Baseline	cardiovascular	risk	factors

						Diabetes	Mellitus,	n (%) 291	(16.3) 120	(14.3) 171	(18.0) .03
						Mean	BMI	(SD),	kg/m2	 27.3	(4.3) 27.1	(4.1) 27.5	(4.4) .08
						Current	smoking,	n (%) 215	(12.0) 104	(12.4) 111	(11.7) .66
						Physical	inactivity,	n (%) 711	(39.7) 354	(42.1) 357	(37.6) .05
						Mean	SBP	(SD),	mmHg 155.6	(20.7) 154.6	(20.0) 156.5	(21.2) .05
						Mean	total	cholesterol	(SD),	mmol/L 5.5	(1.0) 5.6	(1.1) 5.5	(1.0) .01

Baseline	neuropsychiatric	measures

					Median	GDS‑15	(IQR) 1	(0	‑	2) 1	(0	‑	2) 1	(0	‑	2) .96
					Median	GDS‑3A	(IQR) 0	(0	‑	1) 0	(0	‑	1) 0	(0	‑	1) .75
					Median	GDS‑12D	(IQR) 0	(0	‑	1) 0	(0	‑	1) 0	(0	‑	1) .87
					GDS‑3A	score	0,	n (%) 1030	(57.5) 480	(57.1) 550	(58.0) .71
					GDS‑3A	score	1,	n (%) 481	(26.9) 220	(26.2) 261	(27.5) .52
					GDS‑3A	score	2,	n (%) 196	(10.9) 98	(11.7) 98	(10.3) .37
					GDS‑3A	score	3,	n (%) 83	(4.6) 43	(5.1) 40	(4.2) .37
					GDS‑12D	score	0‑1,	n (%) 1530	(85.5) 724	(86.1) 806	(84.9) .49
					GDS‑12D	score	2‑3,	n (%) 159	(8.9) 63	(7.5) 96	(10.1) .05
					GDS‑12D	score	4‑5,	n (%) 58	(3.2) 32	(3.8) 26	(2.7) .20
					GDS‑12D	score	>5,	n (%) 43	(2.4) 22	(2.6) 21	(2.2) .58
					Mean	MMSE	score	(SD) 28.3	(1.7) 28.3	(1.7) 28.3	(1.6) .93

Incident	cardiovascular	disease,	n (%) 59	(3.3%) 25	(3.0) 34	(3.6) .47

Notes: PreDIVA: Prevention of Dementia by Intensive Vascular Care; SD: standard deviation; IQR: inter-
quartile range; BMI: body mass index; SBP: systolic blood pressure; GDS-15: 15-item Geriatric Depression 
Scale; GDS-3A: 3-item apathy subscale of the 15-item Geriatric Depression Scale; GDS-12D: 12-item 
mood subscale of the 15-item Geriatric Depression Scale; MMSE: Mini-Mental State Examination.a P-value 
by t-test, Pearson χ2 test, χ2 test for trend or Mann–Whitney U-test, comparison between intervention 
and control group. b Percentages do not add up to 100 because of rounding. 
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Apathy 
symptoms

Mood 
symptoms

Incident 
cardiovascular disease

Diabetes Mellitus

BMI

Current smoking

Physical inactivity

Systolic blood 
pressure

Total cholesterol

.4
43

*
Table S2. Unstandardized path coefficients for the total, direct, and indirect effects of apathy symptoms 

on incident cardiovascular disease in the 1790 study participants 

Apathy symptoms a Unstandardized path coef-
ficient

p 

Total	effect: 0.022 0.003

Direct	effect 0.017 0.021
Total	indirect	effect: 0.005 0.001
• Specific	indirect	effect	DM	b 0.001 0.032
• Specific	indirect	effect	BMI	b 0.000 	0.93
• Specific	indirect	effect	current	smoking	b 0.001 0.042 

• Specific	indirect	effect	physical	inactivity	b 0.003 0.026
• Specific	indirect	effect	systolic	SBP	b 0.001 	0.18
• Specific	indirect	effect	total	cholesterol	b 0.000 	0.99

DM = diabetes mellitus; BMI = body mass index; SBP = systolic blood pressure. aAge, gender, level of 
education, and treatment status are included as covariates. b The sum of the specific indirect effects does 
not equal the total indirect effect due to rounding error. P-values are based on the joint significance test; 
the largest p-value in the causal chain is reported. 

Figure S1. Unstandardized path coefficients for the relationships between baseline apathy and mood 
symptoms, cardiovascular risk factors, and incident cardiovascular disease after two years of 
follow-up in the 1790 study participants. The relation between apathy and mood symptoms 
is expressed as a correlation. Age, gender, level of education, and treatment status are in-
cluded as covariates for all endogenous variables and are correlated with apathy and mood 
symptoms (not shown). Error terms of all cardiovascular risk factors are correlated with each 
other (not shown). *Paths significant at the p≤.05 level. BMI = body mass index.
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APPENDIX: DESCRIPTION OF STATISTICAL ANALYSIS AND INTER-
PRETATIONAL HEURISTICS FOR PATH COEFFICIENTS

Statistical analysis

Handling of outliers, non-normality, and missing data
Prior to the main structural equation modeling (SEM) analyses, the data were evaluated 
for outliers, non-normality, and missing data. In 6.6% of participants, some data were 
missing. Variables with the highest percentage of missing data were level of physical ac-
tivity (2.0%), incident cardiovascular disease (CVD) (1.8%), and total cholesterol (1.7%). 
Missing data bias was explored by creating a missing dummy variable for each variable 
in the model. The presence of a missing value was scored 1, otherwise individuals were 
assigned a value of 0. Each dummy variable was correlated with each of the other vari-
ables in the model as well as with the covariates age, gender, and education.There were 
no meaningful correlations observed. Missing data were treated using full information 
maximum likelihood estimation (FIML).1 FIML was applied on endogenous variables 
only as the exogenous variables were treated as fixed. Under such a model, sixteen par-
ticipants with missing values on the exogenous variable education were excluded from 
the analysis, resulting in a final study population of 1790 participants. Outliers were 
explored using standardized df betas for each linear equation implied by the overall 
model. This used a limited information estimation approach in which each endogenous 
variable was regressed onto variables with causal paths directly affecting that variable 
(as dictated by Figure 1) and then examining the standardized df beta for each predictor. 
An outlier was defined as a case with an absolute standardized df beta larger than 1.0. 
No outliers were identified. Non-normality was examined via skewness and kurtosis 
indices for each variable in the model. A few variables showed absolute values larger 
than 2.0. Therefore, a robust estimator was applied using Huber-White estimation as 
implemented in the Mplus computer program.

SEM analyses
The proposed conceptual model
The model in Figure 1 was fit to the data. Because there are dichotomous endogenous 
variables, a modified linear probability model (MLPM) was fit (with Huber-White robust 
maximum likelihood estimation). The justification for such modeling as opposed to logit/
probit modeling is described in Angrist and Pischke2 (see also Cheung3). In contrast to 
logit/probit models, the MLPM permits straightforward analyses of meditational chains 
because the focus is on conditional means in all parts of the chain. In addition, estima-
tion of marginal effects is simplified relative to non-linear logit/probit modeling. The 
linear conditional effect distribution of the MLPM is no less arbitrary than the particular 
non-linear distributions of the probit and logit models,2 so the MLPM is a reasonable 
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starting point for modeling purposes. Analyses were replicated using logistic regression 
and none of the major conclusions changed. The type I error rate was set at 0.05 for all 
analyses. SEM analyses were performed using Mplus (version 7).

The apathy and mood measures each had multiple dichotomous items, which com-
plicate analyses that invoke latent variables with the individual items as indicators (be-
cause of assumed normality of the underlying latent variable, which is unrealistic in the 
current case). The observed total GDS-3A and GDS-12D scores were therefore treated 
as single indicators of apathy and mood symptoms, respectively. Body mass index (BMI), 
systolic blood pressure, and total cholesterol were modeled as continuous constructs. 
Presence of diabetes mellitus (DM), current smoking, and level of physical activity were 
dichotomous. To account for correlations between cardiovascular risk factors that can 
be explained by factors other than their common causes of apathy and mood symptoms 
(e.g. genetics, gender) parameters reflecting correlated errors between all risk factors 
were introduced into the modeling, although they are not shown in Figure 1 to reduce 
clutter. The covariates of age, gender, and level of education were used for all endoge-
nous variables since demographic characteristics are known to be related to vascular 
disease and to apathy and mood symptoms.4-7 Education was reflected by two dummy 
variables using dummy coding with those with less than 7 years education serving as 
the reference group. 

The model under study is a just-identified model, so traditional global indices of 
model fit in SEM are irrelevant. The joint significance test was used to test for the pre-
sence of mediation of baseline cardiovascular risk factors in the relationship between 
apathy and mood symptoms with incident CVD. This method has been found to exhibit 
a good balance of Type I error and statistical power.8 It simultaneously assesses whether 
the predictors (symptoms of apathy and mood) are associated with the hypothesized 
mediators (the cardiovascular risk factors) and whether the hypothesized mediators are 
associated with the outcome (incident CVD). A variable is considered a mediator if both 
the path from the predictor to the hypothesized mediator and the path from the hypo-
thesized mediator to the outcome are statistically significant. The total effects of apa-
thy and mood symptoms on incident CVD and a decompositional analysis of mediated 
effects was estimated using standard maximum likelihood methods (an advantage of 
using the modified linear probability model).

Specification error and measurement error
Several tests for specification error were performed. First, possible non-linear relati-
onships were evaluated through the use of power polynomials focusing on each linear 
equation implied by the model. In addition, tests using product terms for all possible 
two way interactions between cardiovascular risk factors were evaluated. 
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The primary results reported in the results section of the manuscript focus on the 
case where no measurement error is assumed. However, single indicators assume mea-
sures have perfect or very high reliability, which often is unrealistic. To account for im-
perfect reliability in non-dichotomous measures, the model was also tested with single 
indicator corrections for unreliability developed by Joreskog and Sorbom.9 This involved 
treating the single indicators as indicators of latent variables but with constrained error 
variances to values corresponding to a priori reasonable levels of reliability. The reliabi-
lity levels for the apathy and mood measures were both set at 0.70 and the reliability le-
vels for the continuous cardiovascular risk factors BMI, systolic blood pressure, and to-
tal cholesterol were set at 0.9 since no usable prior estimate of reliability was available.        

Sensitivity analyses
Analysis of SEM models with dichotomous endogenous variables is controversial and 
each analytic approach to the data introduces different (and potentially debatable) sta-
tistical assumptions. Modeling was approached using a sensitivity framework in which 
the data were analyzed using different statistical approaches to determine if conclusi-
ons were robust across the assumptions made by each approach. Two major sensiti-
vity analyses were performed. First, a logistic regression framework was used treating 
dichotomous outcomes within the framework of the generalized linear model in con-
junction with limited information estimation. Second, the model was re-estimated with 
probit regression using robust weighted least squares means and variances estimation 
(WLSMV) in the context of a full information estimation approach. In general, conclusi-
ons were robust across analytic methods, with a few exceptions reported in the results 
section of the manuscript.

Trimming the model versus left-out-variable-error 
In the model in Figure 2, non-significant paths were not eliminated/trimmed from the 
model.  An advantage of this strategy is that it reduces parameter bias that can occur 
due to left-out-variable-error (LOVE). The disadvantage of not “trimming” is slightly re-
duced power, but given our large sample size, preference was given to minimize LOVE.10 

Interpretational heuristics for path coefficients

This supplement provides examples for interpreting the unstandardized path coeffi-
cients in Figure 2. Substantive interpretation is somewhat different depending upon 
whether the predictors and outcomes are continuous or dichotomous variables. In the 
case of a continuous predictor and continuous outcome: for every unit increase in the 
predictor, the mean outcome is predicted to increase (for a positive coefficient) or de-
crease (for a negative coefficient) by the number of units equal to the path coefficient. 
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For example, for every one unit that apathy symptoms increase on the 0 to 3 metric, 
the mean systolic blood pressure is predicted to increase by 1.639 units. In the case of a 
continuous predictor and a dichotomous outcome: for every unit increase in the predic-
tor, the mean outcome (which is analogous to a proportion of cases or percent of cases 
when multiplied by 100) is predicted to increase (for a positive coefficient) or decrease 
(for a negative coefficient) by the number of units equal to the path coefficient. For 
example, for every one unit that apathy symptoms increase, the percent of people who 
are physically inactive is predicted to increase by 12.5%.  In the case of a dichotomous 
predictor and a dichotomous outcome: the mean outcome (which is analogous to a pro-
portion or percent when multiplied by 100) for the group scoring 1 on the dichotomous 
predictor variable is higher than the mean for the group scoring 0 by the value of the 
path coefficient. For example, the incidence of CVD is predicted to be 3.5% higher for 
smokers than non-smokers. 
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