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Background Depression is associated with an increased risk of cardiovascular diseases (CVD) in vascular patients as well

as in the general population. We investigated whether autonomic dysfunction could explain this relationship.

Design The Finland, Italy and The Netherlands Elderly (FINE) Study is a prospective cohort study.

Methods Depressive symptoms were measured with the Zung Self-rating Depression Scale in 870 men, aged 70–90

years, free of CVD and diabetes in 1990. Resting heart rate was determined from a 15–30-s resting electrocardiogram in

The Netherlands and Italy and as pulse rate in Finland. In addition, in The Netherlands, heart-rate variability (HRV) and QTc

interval were determined.

Results At baseline, depressive symptoms were associated with an increase in resting heart rate, and nonsignificantly with

low HRV and prolonged QTc interval. After 10 years of follow-up, 233 (27%) men died from CVD. Prospectively, an increase

in resting heart rate with 1 SD was associated with an increased risk of cardiovascular mortality [hazard ratio (HR), 1.22;

95% confidence interval (CI), 1.08–1.38]. In addition, low HRV (HR, 0.78; 95% CI, 0.61–1.01) and prolonged QTc interval (HR,

1.28; 95% CI, 1.06–1.53) per SD were associated with cardiovascular mortality. The increased risk of depressive symptoms

for cardiovascular mortality (HR, 1.38; 95% CI, 1.21–1.58) did not change after adjustments for several indicators of

autonomic dysfunction.

Conclusion This study suggests that mild depressive symptoms are associated with autonomic dysfunction in elderly

men. The increased risk of cardiovascular mortality with increasing magnitude of depressive symptoms could, however,

not be explained by autonomic dysfunction. Eur J Cardiovasc Prev Rehabil 14:796–802 �c 2007 The European Society of

Cardiology
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Introduction
Depression is associated with an increased risk of

cardiovascular mortality in patients with cardiovascular

diseases (CVD) as well as middle-aged and elderly

persons without CVD [1,2]. Several mechanisms to

explain this association have been proposed, such as

higher prevalence of cardiovascular risk factors in

depressed persons, antidepressant cardiotoxicity, induc-

tion of the hypothalamic–pituitary–adrenocortical (HPA)

axis, inflammation and increased platelet reactivity [3].

Ongoing studies are performed to gain more insight in

these mechanisms.

Another explanation for the relationship between depres-

sion and increased cardiovascular mortality is through
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autonomic dysfunction [4]. This reflects reduced para-

sympathetic and increased sympathetic nervous system

activity, which are involved in the pathophysiology of

myocardial ischemia, heart failure, diabetes, ventricular

tachycardia, ventricular fibrillation and sudden cardiac

death [5]. Indicators of autonomic dysfunction are

elevated resting heart rate, low heart-rate variability

(HRV) and prolonged QTc intervals. These indicators are

associated with increased cardiovascular and all-cause

mortality in patients with and without myocardial

infarction [6–10].

In depressed patients, autonomic dysfunction was first

demonstrated by elevated levels of plasma and urinary

cathecholamines, primarily norepinephrine, which are

markers of increased sympathetic nervous system activa-

tion [11,12]. More recently, elevated resting heart rates

and low HRV have been associated with depressive

symptoms in cardiac patients as well as in older primary

care patients and older women without CVD [5,13–18].

To investigate whether autonomic dysfunction may

explain the relationship between depression and cardio-

vascular mortality, the contribution of autonomic dys-

function on the relationship between depression and

cardiovascular mortality should be investigated. Reduced

HRV may partly explain the relationship between

depression and mortality in cardiac patients [19].

Whether autonomic dysfunction explains the increased

risk of depressive symptoms for cardiovascular mortality

in men without cardiac disease, has not been investigated

so far.

In this study, we investigated whether depressive

symptoms were associated with autonomic dysfunction,

indicated by resting heart rate, HRV and QTc intervals in

elderly men without prevalent CVD or diabetes. Further-

more, we studied whether the increased risk of depres-

sive symptoms on 10-year cardiovascular mortality [2]

could be explained by autonomic dysfunction.

Methods
The Finland, Italy and The Netherlands Elderly

(FINE) Study

The Finland, Italy and The Netherlands Elderly (FINE)

Study is a prospective population-based cohort study on

the risk factors and health in elderly men. The study

design and measurements have been described in detail

elsewhere [20]. In brief, the FINE Study started in 1984

as a continuation of the Seven Countries Study (SCS),

which was originally initiated in 1958 by Keys et al. [21] as

a cardiovascular risk factor survey among 12 763 middle-

aged men. In total, 2285 men from Finland (n = 716),

Italy (n = 682) and The Netherlands (n = 887) partici-

pated in the baseline examination of the study in 1985.

Informed consent was obtained from all study partici-

pants. Data collection followed the international protocol

used in previous surveys of the SCS [21], extended with

gerontologic variables. During 1989–1991 the second

round of the FINE Study took place. In this round,

measures on depression were added. Mortality data were

collected until the year 2000.

Depressive symptoms

Depressive symptoms were measured using the Self-

rating Depression Scale (SDS), developed by Zung [22].

This scale was developed to assess depression among

patients admitted to a psychiatric hospital, and also for

noninstitutionalized elderly patients [23], and was found

to be highly comparable among different countries [24].

The reliability of the SDS is good in elderly men

(Cronbach a= 0.75) [25] and has been validated

repeatedly with other questionnaires on depressive

symptoms, such as the Center for Epidemiological

Studies-Depression (CES-D) (r = 0.69) [26], the geria-

tric depression scale (r = 0.59) [27] and the Hamilton

Depression scale (r = 0.80) [28]. The questionnaire

contains 20 either positively or negatively formulated

items, based on clinical diagnostic criteria commonly used

to diagnose depressive disorders. The answers on those

items are coded on a four-point Likert-type scale varying

from ‘none or sometimes’ to ‘most or always’. Positive

items on the absence of depressive symptoms were

recoded, so that a higher score indicated more depressive

symptoms. An index for the SDS was derived by dividing

the sum of the answers by 80 and multiplying by 100

(range 25–100), with a higher score indicating more

depressive symptoms [23]. The original clinical cut-off

values are no depression (less than 50), mild depression

(50–59) and moderate–severe depression (Z 60) [23].

To increase power for the analyses a continuous mea-

sure was used per standard deviation (SD) (Finland

SD = 10.8, Italy SD = 11.3 and The Netherlands

SD = 9.5) and the SDS was categorized into country-

specific tertiles. The cut-off values for the middle

and high tertile were 42 and 51 for Finland, 45 and 54

for Italy, and 39 and 46 for The Netherlands.

Autonomic dysfunction

Data on autonomic function were gathered during the

same period of time as the data on depressive symptoms.

Standard resting 12-lead electrocardiographic (ECG)

recordings were performed according to the protocol of

the SCS [21]. The duration of recording ranged from 15

to 30 s. Readings were made according to the 1968 edition

of the Minnesota Code [29]. In The Netherlands and

Italy, resting heart rate was derived from the ECG. In

Finland, resting heart rate was measured from the radial

artery with the men in supine position and counted for

30 s. Resting heart rate was expressed as beats/min and

used in the analyses as a continuous measure (per SD;

Finland SD = 11.7, Italy SD = 12.4, The Netherlands

SD = 13.5).
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In addition, for the Dutch cohort HRV and QTc intervals

were determined. Intervals between all sinus beats were

measured, using a digitizing table (Calcomp) and a

personal computer. The resolution of the tables is

100 lines/mm and the reproducibility is 0.25 mm (corre-

sponding to 10 ms). HRV (ms) was defined as the SD of

the duration of all normal RR-intervals [7]. QT intervals

were read from three leads: V2, V6 and lead I, II, or III of

which the lead with the longest QT was chosen [8]. QT

intervals were adjusted for heart rate according to

Bazett’s formula resulting in QTc intervals [30].

Cardiovascular end points

Mortality data were collected during 10 years of follow-

up. In Finland, information on causes of death was

obtained from the Finnish death register; in Italy and in

The Netherlands information was obtained from hospital

registries and/or general practitioners. One person from

Finland, one from Italy and one from The Netherlands

were lost to follow-up. They were included in the

analyses, but censored at the date of the last examination,

before they were lost to follow-up. Coding of causes of

death was carried out by one clinical epidemiologist who

was blinded for the risk factor status of the patient.

Mortality from CVD was coded according to the

International Classification of Diseases, ninth revision

(ICD-9: 390–459). In the analyses, primary (n = 199)

and secondary (n = 107) causes of cardiovascular death

were combined and 233 men died of CVD. Men who

died of causes other than CVD (n = 209) were censored

at date of death. Men who were still alive at the end of

the study were censored at the last examination date.

Other variables

The self-administered questionnaire contained questions

on demographic characteristics, educational level and

lifestyle habits. Marital status was classified as living

alone (unmarried, separated or widow) or with other

person(s). In The Netherlands, usual alcohol consump-

tion was assessed in the dietary survey and in Finland and

Italy with a self-administered questionnaire, and classi-

fied as alcohol consumption and nonconsumption.

Participants were classified as current and nonsmokers.

Body mass index (BMI) was calculated from weight and

height (kg/m2), which were measured while the partici-

pant was standing in light clothing without shoes.

Physical activity was assessed with a self-administered

validated questionnaire designed for retired men [31]. All

types of activity with an intensity of more than 2 kcal

energy expended per kilogram of body weight during 1 h,

were summed and expressed as minutes of total physical

activity per week (min/week).

Arterial blood pressure was measured twice on the right

arm after 5 min rest, in a supine position. In Finland and

Italy, standard sphygmomanometers were used, whereas

in The Netherlands, a random zero sphygmomanometer

was used. The average of two readings of both systolic

blood pressure (SBP) and diastolic blood pressure (fifth

Korotkoff phase) was calculated. Nonfasting venous blood

samples were taken and total and high-density lipopro-

tein (HDL) cholesterol (mmol/l) were determined using

standardized procedures according to the criteria of the

World Health Organization’s Lipid Reference Labora-

tories in Prague, Czech Republic, or Atlanta, Georgia,

USA [32]. History of myocardial infarction was obtained

using the London School of Hygiene and Tropical

Medicine questionnaire [29], verified by information

from general practitioners or hospital registries. Informa-

tion was obtained on the use of antihypertensive drugs.

A clinical history of stroke, heart failure, diabetes and

chronic obstructive pulmonary disease (COPD) was

based on a doctor’s conclusion using questionnaire

information and the results of the physical examination.

Study samples

Depressive symptoms were measured for the first time

during the second round of the FINE study, between

October 1989 and November 1991, when in total 1416

men (82%) participated of the 1734 men still alive. Of

these, 909 (64%) were free of CVD and diabetes. From

these, 39 with artrial fibrillation based on the Minnesota

code were excluded. Thus, a study sample of 870 men

remained for analysis, 253 men from Finland, 362 men

from The Netherlands and 255 men from Italy. For the

analyses of HRV and QTc interval, data for 362 men of

the Dutch cohort were available.

Data analysis

To retain power and to prevent bias from missing values

in a selective group of respondents a single imputation

procedure in SPSS version 12.0.1 (SPSS Inc., Chicago,

Illinois, USA) was used. We imputed missing values on

the items of the SDS (on average 7%), HRV (2%), and

the other covariates (on average 2%). All information of

the baseline examination in 1990 and follow-up examina-

tions was used to fill in missing values.

Frequency distributions are given for categorical variables

for each country. Means and SD were computed for

continuous baseline variables, and medians and 10–90

percentiles for continuous variables with a skewed

distribution. Differences between countries were tested

with analysis of variance, Kruskal–Wallis (in case of

skewed distribution) or w2-test.

Multiple linear regression analysis was used to calculate

differences in resting heart rate across country-specific

tertiles of depressive symptoms, and HRV and QTc

intervals, respectively, in the Dutch cohort. The HRV

distribution was skewed and therefore log-transformed.

The transformed values were then used to compute
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geometric means. In the first model, we adjusted for age

(years). In the second model, we also adjusted for the

following potential confounders or intermediate factors:

country (Finland vs. The Netherlands and Italy vs. the

Netherlands), years of education, living alone (yes vs.

no), current smoking (no vs. yes), alcohol consumption

(yes vs. no), physical activity (min/week), SBP (mmHg),

BMI (kg/m2), total and HDL-cholesterol levels (mmol/l),

COPD (no vs. yes) and the use of antihypertensive drugs

(no vs. yes).

The prospective associations of resting heart rates/SD

(in the FINE cohort), and HRV and QTc interval (in

the Dutch cohort) with cardiovascular mortality were

estimated using Cox proportional hazard models. In the

first model, we adjusted for age (as the time scale), and in

the second model we also adjusted for cardiovascular

risk factors. With a log minus log plot the assumptions

of proportional hazards were checked. The assumptions

of proportionality were not violated.

Finally, we investigated whether the relationship between

depressive symptoms and cardiovascular mortality could

be explained by autonomic dysfunction, by adding resting

heart rate, HRV or QTc interval to the adjusted model.

All analyses were repeated after stratification by country

and performed with the SAS statistical software package,

version 9.1.2 [33] Point estimates are given with

corresponding 95% confidence intervals (CI).

Results
Table 1 presents the baseline characteristics of the study

sample per country. The average depression score was

highest in Italy (49.4 ± 11) and lowest in The Nether-

lands (43.2 ± 10). The average depression scores were

low in comparison with the clinical cut-off value for mild

depression (Z 50). Average resting heart rate was higher

in The Netherlands (75.2 ± 14) compared with Finland

(68.2 ± 12) and Italy (69.3 ± 12). In addition, men in

Italy were older, more physically active, and had higher

HDL-cholesterol levels than men in Finland and The

Netherlands, whereas men in The Netherlands had

higher levels of education, were more likely to smoke,

had a lower SBP and diastolic blood pressure, and higher

total cholesterol levels compared with those in Finland

and Italy (P < 0.05).

Multiple linear regression analyses showed a dose–

response relationship between depressive symptoms

and resting heart rate (P for trend 0.01) (Fig. 1). Men

in the high tertile of depressive symptoms had an

increased mean resting heart rate adjusted for age (73.1

beats/min; 95% CI, 71.6–74.6) compared with men in the

low tertile of depressive symptoms (69.6 beats/min; 95%

CI, 68.1–71.1). In the second model, after additionally

adjusting for country, education, SBP, use of antihyper-

tensive drugs, COPD and physical activity these esti-

mates became 72.0 (95% CI 70.5–73.5) and 69.4 (95% CI,

Table 1 Baseline characteristics for each country (n = 870)

Finland Italy The Netherlands

Characteristic n = 253 n = 255 n = 362

Age, mean (SD) (years) 76.5 (4.9) 77.5 (3.9) 75.5 (4.5)
Depressive symptoms, mean (SD) 46.6 (10.8) 49.4 (11.3) 43.2 (9.5)
Education, mean (SD) (years) 4.2 (3.1) 4.7 (2.6) 10.4 (4.2)
Living alone (%) 31 25 21
Physical activity, 520 580 483
Median (P10–90) (min/week) (60–1965) (15–2100) (75–1160)
Alcohol consumption (%) 80 82 75
Current smoking (%) 13 17 24
BMI, mean (SD) (kg/m2) 26.0 (3.8) 26.1 (3.8) 25.5 (3.1)
SBP, mean (SD) (mmHg) 156 (22) 162 (20) 151 (21)
DBP, mean (SD) (mmHg) 84 (11) 86 (9) 82 (12)
Use of antihypertensive drugs (%) 25 46 12
Total cholesterol, mean (SD)

(mmol/l)
5.6 (1.1) 5.5 (1.1) 6.1 (1.1)

HDL cholesterol, mean (SD)
(mmol/l)

1.2 (0.3) 1.3 (0.3) 1.2 (0.3)

COPD (%) 22 78 28
Heart rate, mean (SD) (beats/min) 68.2 (11.7) 69.3 (12.4) 75.2 (13.5)
Heart rate variability, median

(P10–90) (ms)
18.1 (8.2–49.0)

QTc-interval, mean (SD) (ms) 412 (29)

BMI, body mass index; COPD, chronic obstructive pulmonary disease; DBP,
diastolic blood pressure; HDL, high-density lipoprotein; SBP, systolic blood
pressure; SD, standard deviation.

Fig. 1
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68.0–70.9), respectively, for men in the high and low

tertile of depressive symptoms. After additional adjust-

ments for living alone, current smoking, alcohol con-

sumption, BMI, total and HDL-cholesterol levels these

estimates did not change.

In The Netherlands, data on HRV and QTc interval were

also assessed. Men with high depressive symptoms had a

nonsignificantly lower HRV (17.8 ms; 95% CI, 15.6–20.2)

compared with men with low depressive symptoms

(19.7 ms; 95% CI, 17.2–22.4), adjusted for age, country,

education, SBP, use of antihypertensive drugs, COPD and

physical activity. In addition, men with high depressive

symptoms had a nonsignificantly longer QTc interval

(415 ms; 95% CI, 410–420), compared with men with low

depressive symptoms (411 ms; 95% CI, 406–415).

After 10 years of follow-up, 442 of the 870 men (51%) had

died. Two-hundred and thirty-three men (27%) had died

of CVD. The total number of person years was 6321 and

the mean follow-up duration was 7.3 years (SD = 3.1).

Prospectively, an increase in resting heart rate/SD,

adjusted for age was associated with a 26% (95% CI,

1.12–1.42) increased risk of cardiovascular mortality. After

additional adjustment, this risk became 22% (95% CI,

1.08–1.38). In addition, in the Dutch sample a longer

QTc-interval [hazard ratio (HR) 1.28; 95% CI, 1.06–1.53]

was associated with an increased risk of cardiovascular

mortality, whereas increased HRV (HR 0.78; 95% CI,

0.61–1.01) was nonsignificantly associated with a lower

risk of cardiovascular mortality (Table 2). These indica-

tors of autonomic dysfunction were also associated with

total mortality, but less strongly (results not shown).

Finally, an increase in depressive symptoms per SD on the

SDS, adjusted for age, country, living alone and physical

activity, was associated with a 38% (95% CI, 1.21–1.58)

increased risk of cardiovascular mortality. Adjustment for

current smoking, alcohol consumption, BMI, SBP, total

and HDL cholesterol, COPD and use of antihypertensive

drugs did not change this risk. After additional adjust-

ment for separate measures of autonomic dysfunction

(Table 3) this risk did not materially change. No

differences were seen between countries (results not

shown).

Discussion
This study examined whether depressive symptoms in

old men were associated with autonomic dysfunction, and

whether autonomic dysfunction could explain an in-

creased risk of depressive symptoms on cardiovascular

mortality. We observed that depressive symptoms were

associated with increased resting heart rate, but not

significantly with lower HRV or prolonged QTc intervals.

Increased resting heart rate, however, did not explain the

increased risk of cardiovascular mortality associated with

depressive symptoms observed in this study.

Strengths of this study are its prospective design with a

long follow-up period, in a study sample of elderly men

free of CVD and diabetes at baseline. This made it

possible to examine the causal direction between

depressive symptoms, autonomic dysfunction and cardio-

vascular mortality. Second, the mortality follow-up was

virtually complete, and the findings will thus not be

influenced by selective loss to follow-up. Third, we were

able to adjust for a large number of potential confounding

factors.

Some methodological limitations of this study also need

to be considered. First, selective participation of healthier

respondents [34] may have diluted the associations.

Moreover, this study population consisted of older men

and the results may not be generalizable to younger men

and females. Second, although we adjusted for a range of

known classical cardiovascular risk factors, the possibility

of residual confounding cannot be excluded. Third, HRV

was based on one short-term ECG recording during

daytime. It is known that HRV changes during the day

and the reliability of short-term measurements seems to

be lower in sick people [35]. Short-term HRV measure-

Table 2 Adjusted hazard ratios (HR) of 10-year cardiovascular
mortality for tertiles of autonomic dysfunction (n = 870)

Model 1a Model 2b

HR (95% CI) HR (95% CI)

Resting heart rate
Per SD beats/min increase 1.26 (1.12–1.42) 1.22 (1.08–1.38)

Dutch cohort (n = 362)

Heart rate variability
Per SD ms increase 0.80 (0.61–1.04) 0.78 (0.61–1.01)

QTc-interval
Per SD ms increase 1.32 (1.11–1.57) 1.28 (1.06–1.53)

CI, confidence interval; COPD, chronic obstructive pulmonary disease; HDL,
high-density lipoprotein. aModel 1: adjusted for age. bModel 2: additionally
adjusted for country [Finland, Italy, The Netherlands (reference)], living alone (yes
vs. no), systolic blood pressure (mmHg), physical activity (min/week), total and
HDL cholesterol levels (mmol/l), COPD (no vs. yes) and use of antihypertensive
drugs (no vs. yes).

Table 3 Hazard ratios of 10-year cardiovascular mortality for
depressive symptoms (n = 870)

HR (95% CI)

Depressive symptoms (per SD)
Model 1a 1.38 (1.21–1.58)

Additional adjustment:
Resting heart rate 1.39 (1.22–1.59)

Dutch cohort (n = 362)
Model 1a 1.37 (1.14–1.65)

Additional adjustment:
Heart-rate variability 1.39 (1.13–1.70)
QTc-interval 1.35 (1.10–1.65)

CI, confidence interval; HR, hazard ratios; SD, standard deviation. aModel 1:
adjusted for age (as time scale), country [Finland, Italy, The Netherlands
(reference)], years of education, living alone (yes vs. no) and physical activity
(min/week).
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ments during daytime, however, are correlated with 24-h

HRV measures and [9] for this study population, we

excluded men with CVD or atrial fibrillation to lower the

risk of measurement errors. If misclassification might

have occurred, however, it was likely to be random, which

may have diluted the observed associations. Fourth,

unfortunately, we did not have information on depression

treatment. It should be noted though that the average

SDS score was below the clinical cutpoint for mild

depression (more than 50). Therefore, we expect that the

majority of the men were not treated for depression.

Our finding of an increased resting heart rate with

increase in depressive symptoms is concordant with

several other studies, although not all, showing an

association between depression and several indicators of

autonomic dysfunction in patients with myocardial

infarction [5,14,18,36–40]. In patients without myocar-

dial infarction, associations between depression and

indicators of autonomic dysfunction have also been

observed [15–17]. We did not find a significant associa-

tion of low HRV and QTc-prolongation with depressive

symptoms. The mean depression score in this study

population was low compared with the clinical cut-off

values of depression; this may have decreased the power

to detect an association. It is notable therefore that these

mild depressive symptoms were associated with resting

heart rate and cardiovascular mortality. Autonomic

dysfunction was associated with cardiovascular mortality,

which is in concordance with results from the literature

[6,8–10,41–43].

The exact mechanisms how depression may affect the

autonomic nervous system are not well understood, but

are thought to involve deactivation of the right hemi-

sphere, promoting predominance of the left hemisphere

associated with cardiac arrhythmia [44]. Alternatively,

autonomic dysfunction may also predispose to depression,

because recent studies indicated that vagal nerve

stimulation in patients with major depression might

improve remission [45].

To our knowledge, this is the first study that investigated

whether indicators of autonomic dysfunction could

explain the increased risk of depressive symptoms for

cardiovascular mortality in patients without CVD. One

previous study showed that decreased HRV partly

explained the relationship between depression and

mortality in patients after acute myocardial infarction

[19]. In our study, autonomic dysfunction could not

explain the increased risk between depression and

cardiovascular mortality. An explanation for these seem-

ingly discordant findings may be that autonomic

dysfunction is stronger associated with mortality in

patients after acute myocardial infarction [19], than in

patients without CVD. A recent study in a small sample

of patients with acute myocardial infarction, however, also

showed that autonomic dysfunction could not explain the

association between depression and mortality, supporting

our findings [46].

If autonomic dysfunction cannot explain the increased

risk of depression on cardiovascular mortality in older

men without prevalent CVD, what other mechanism may

explain this relationship? Alternative hypotheses may

include, dysregulation of the HPA axis, with its elevated

cortisol levels and often present in depression, promotes

atherosclerosis through injury of vascular cells, hyperten-

sion, hypercholesterolemia and inflammation [3]. Second,

inflammation and platelet reactivity may explain the

relationship between depression and CVD [3] and

genetic vulnerability may play a role in these mechanisms

[47]. In addition, in the elderly atherosclerosis and

cerebral white-matter lesions may increase the risk of

depression and cerebrovascular disease [48].

In conclusion, this population-based study in older men

shows that mild depressive symptoms are associated with

a higher resting heart rate. This indicator of autonomic

dysfunction did not, however, explain the increased risk

of 10-year cardiovascular mortality associated with

depressive symptoms that we observed in our study.

Further studies are needed to examine what other

mechanisms may explain the frequently observed relation

between depression and cardiovascular disease.

Acknowledgements
This study has been supported by Grant No. 2001b176 of

The Netherlands Heart Foundation and previous grants

of the National Institute on Aging, National Institutes of

Health, Beshesda, Maryland, USA and The Netherlands

Prevention Foundation, The Hague, The Netherlands.

Conflict of interest – none declared.

References
1 Hemingway H, Marmot M. Evidence based cardiology: psychosocial factors

in the aetiology and prognosis of coronary heart disease. Systematic review
of prospective cohort studies. BMJ 1999; 318:1460–1467.

2 Kamphuis MH, Kalmijn S, Tijhuis MA, Geerlings MI, Giampaoli S, Nissinen A,
et al. Depressive symptoms as risk factor of cardiovascular mortality in older
European men: the Finland, Italy and Netherlands Elderly (FINE) study. Eur J
Cardiovasc Prev Rehabil 2006; 13:199–206.

3 Musselman DL, Evans DL, Nemeroff CB. The relationship of depression to
cardiovascular disease: epidemiology, biology, and treatment. Arch Gen
Psychiatry 1998; 55:580–592.

4 Carney RM, Freedland KE, Veith RC. Depression, the autonomic
nervous system, and coronary heart disease. Psychosom Med 2005; 67
(Suppl 1):S29–S33.

5 Stein PK, Carney RM, Freedland KE, Skala JA, Jaffe AS, Kleiger RE, et al.
Severe depression is associated with markedly reduced heart rate variability
in patients with stable coronary heart disease. J Psychosom Res 2000;
48:493–500.

6 Kannel WB, Kannel C, Paffenbarger RS Jr, Cupples LA. Heart rate and
cardiovascular mortality: the Framingham Study. Am Heart J 1987;
113:1489–1494.

7 Dekker JM, Schouten EG, Klootwijk P, Pool J, Swenne CA, Kromhout D.
Heart rate variability from short electrocardiographic recordings predicts

Depression, autonomic dysfunction and CVD Kamphuis et al. 801

Copyright © European Society of Cardiology. Unauthorized reproduction of this article is prohibited. at PENNSYLVANIA STATE UNIV on September 19, 2016cpr.sagepub.comDownloaded from 

http://cpr.sagepub.com/


mortality from all causes in middle-aged and elderly men. The Zutphen
Study. Am J Epidemiol 1997; 145:899–908.

8 Dekker JM, Schouten EG, Klootwijk P, Pool J, Kromhout D. Association
between QT interval and coronary heart disease in middle-aged and elderly
men. The Zutphen Study. Circulation 1994; 90:779–785.

9 Bigger JT, Fleiss JL, Rolnitzky LM, Steinman RC. The ability of several short-
term measures of RR variability to predict mortality after myocardial
infarction. Circulation 1993; 88:927–934.

10 Grobbee DE. The rhythm and the risk: heart rate and cardiovascular disease.
Current Opin Cardiol 1988; 3:S15–S21.

11 Roy A, Pickar D, De Jong J, Karoum F, Linnoila M. Norepinephrine and its
metabolites in cerebrospinal fluid, plasma, and urine. Relationship to
hypothalamic-pituitary-adrenal axis function in depression. Arch Gen
Psychiatry 1988; 45:849–857.

12 Veith RC, Lewis N, Linares OA, Barnes RF, Raskind MA, Villacres EC, et al.
Sympathetic nervous system activity in major depression. Basal and
desipramine-induced alterations in plasma norepinephrine kinetics. Arch
Gen Psychiatry 1994; 51:411–422.

13 Lahmeyer HW, Bellur SN. Cardiac regulation and depression. J Psychiatr
Res 1987; 21:1–6.

14 Carney RM, Saunders RD, Freedland KE, Stein P, Rich MW, Jaffe AS.
Association of depression with reduced heart rate variability in coronary
artery disease. Am J Cardiol 1995; 76:562–564.

15 Kim CK, McGorray SP, Bartholomew BA, Marsh M, Dicken T,
Wassertheil-Smoller S, et al. Depressive symptoms and heart rate variability
in postmenopausal women. Arch Intern Med 2005; 165:1239–1244.

16 Van der Kooy KG, van Hout HP, van Marwijk HW, de Haan M,
Stehouwer CD, Beekman AT. Differences in heart rate variability between
depressed and non-depressed elderly. Int J Geriatr Psychiatry 2006;
21:147–150.

17 Horsten M, Ericson M, Perski A, Wamala SP, Schenck-Gustafsson K,
Orth-Gomer K. Psychosocial factors and heart rate variability in healthy
women. Psychosom Med 1999; 61:49–57.

18 De Guevara MS, Schauffele SI, Nicola-Siri LC, Fahrer RD, Ortiz-Fragola E,
Martinez-Martinez JA, et al. Worsening of depressive symptoms 6 months
after an acute coronary event in older adults is associated with impairment of
cardiac autonomic function. J Affect Disord 2004; 80:257–262.

19 Carney RM, Blumenthal JA, Freedland KE, Stein PK, Howells WB,
Berkman LF, et al. Low heart rate variability and the effect of depression
on post-myocardial infarction mortality. Arch Intern Med 2005; 165:
1486–1491.

20 Bijnen FC, Feskens EJ, Caspersen CJ, Giampaoli S, Nissinen AM, Menotti A,
et al. Physical activity and cardiovascular risk factors among elderly
men in Finland, Italy, and the Netherlands. Am J Epidemiol 1996; 143:
553–561.

21 Keys A, Aravanis C, Blackburn H, Buzina R, Djordjevic BS, Dontas AS, et al.
Seven countries: a multivariate analysis of death and coronary heart
disease. Cambridge, Massachusetts and London: Harvard University Press;
1980. pp. 1–381.

22 Zung WW. A self-rating depression scale. Arch Gen Psychiatry 1965;
12:63–70.

23 Zung WW, Richards CB, Short MJ. Self-rating depression scale in an
outpatient clinic. Further validation of the SDS. Arch Gen Psychiatry 1965;
13:508–515.

24 Zung WW. A cross-cultural survey of symptoms in depression. Am J
Psychiatry 1969; 126:116–121.

25 Kivela SL, Pahkala K. Sex and age differences of factor pattern and reliability
of the Zung Self-rating Depression Scale in a Finnish elderly population.
Psychol Rep 1986; 59:587–597.

26 DeForge BR, Sobal J. Self-report depression scales in the elderly:
the relationship between the CES-D and ZUNG. Int J Psychiatry Med 1988;
18:325–338.

27 Dunn VK, Sacco WP. Psychometric evaluation of the Geriatric Depression
Scale and the Zung Self-Rating Depression Scale using an elderly
community sample. Psychol Aging 1989; 4:125–126.

28 Biggs JT, Wylie LT, Ziegler VE. Validity of the Zung Self-rating Depression
Scale. Br J Psychiatry 1978; 132:381–385.

29 Rose GA, Blackburn H. Cardiovascular survey methods. Monogr Ser World
Health Organ 1968; 56:1–188.

30 Bazett HC. An analysis of the time relations of electrocardiograms. Heart
1920; 7:353–370.

31 Westerterp KR, Saris WH, Bloemberg BP, Kempen K, Caspersen CJ,
Kromhout D. Validation of the Zutphen Physical Activity Questionnaire for
the Elderly with double labeled water. Med Sci Sports Exerc 1992; 24:S68.

32 Kromhout D, Nissinen A, Menotti A, Bloemberg B, Pekkanen J, Giampaoli S.
Total and HDL cholesterol and their correlates in elderly men in Finland, Italy,
and The Netherlands. Am J Epidemiol 1990; 131:855–863.

33 SAS Institute I. Statistical analysis system, version 9.1.2. Cary North
Carolina: SAS Institute, Inc., 2004.

34 Hoeymans N, Feskens EJ, van den Bos GA, Kromhout D. Non-response bias
in a study of cardiovascular diseases, functional status and self-rated health
among elderly men. Age Ageing 1998; 27:35–40.

35 Sandercock GR, Bromley PD, Brodie DA. The reliability of short-term
measurements of heart rate variability. Int J Cardiol 2005; 103:238–247.

36 Krittayaphong R, Cascio WE, Light KC, Sheffield D, Golden RN, Finkel JB,
et al. Heart rate variability in patients with coronary artery disease:
differences in patients with higher and lower depression scores. Psychosom
Med 1997; 59:231–235.

37 Carney RM, Freedland KE, Veith RC, Cryer PE, Skala JA, Lynch T, et al.
Major depression, heart rate, and plasma norepinephrine in patients with
coronary heart disease. Biol Psychiatry 1999; 45:458–463.

38 Pitzalis MV, Iacoviello M, Todarello O, Fioretti A, Guida P, Massari F, et al.
Depression but not anxiety influences the autonomic control of heart rate
after myocardial infarction. Am Heart J 2001; 141:765–771.

39 Otte C, Neylan TC, Pipkin SS, Browner WS, Whooley MA. Depressive
symptoms and 24-hour urinary norepinephrine excretion levels in patients
with coronary disease: findings from the heart and soul study. Am J
Psychiatry 2005; 162:2139–2145.

40 Gehi A, Mangano D, Pipkin S, Browner WS, Whooley MA. Depression
and heart rate variability in patients with stable coronary heart disease:
findings from the Heart and Soul Study. Arch Gen Psychiatry 2005;
62:661–666.

41 Dekker JM, Crow RS, Hannan PJ, Schouten EG, Folsom AR. Heart rate-
corrected QT interval prolongation predicts risk of coronary heart disease in
black and white middle-aged men and women: the ARIC study. J Am Coll
Cardiol 2004; 43:565–571.

42 De Bruyne MC, Kors JA, Hoes AW, Klootwijk P, Dekker JM, Hofman A, et al.
Both decreased and increased heart rate variability on the standard
10-second electrocardiogram predict cardiac mortality in the elderly:
the Rotterdam Study. Am J Epidemiol 1999; 150:1282–1288.

43 De Bruyne MC, Hoes AW, Kors JA, Hofman A, van Bemmel JH,
Grobbee DE. Prolonged QT interval predicts cardiac and all-cause mortality
in the elderly. The Rotterdam Study. Eur Heart J 1999; 20:278–284.

44 Friedman EH. Neurobiology of depression and reduced heart rate variability
in coronary artery disease. Am J Cardiol 1996; 77:330.

45 Rush AJ, Marangell LB, Sackeim HA, George MS, Brannan SK, Davis SM,
et al. Vagus nerve stimulation for treatment-resistant depression:
a randomized, controlled acute phase trial. Biol Psychiatry 2005; 58:
347–354.

46 Drago S, Bergerone S, Anselmino M, Varalda PG, Cascio B, Palumbo L,
et al. Depression in patients with acute myocardial infarction: influence
on autonomic nervous system and prognostic role. Results of a five-year
follow-up study. Int J Cardiol 2007; 115:46–51.

47 McCaffery JM, Frasure-Smith N, Dube MP, Theroux P, Rouleau GA, Duan Q,
et al. Common genetic vulnerability to depressive symptoms and coronary
artery disease: a review and development of candidate genes related to
inflammation and serotonin. Psychosom Med 2006; 68:187–200.

48 Alexopoulos GS, Meyers BS, Young RC, Campbell S, Silbersweig D,
Charlson M. ‘Vascular depression’ hypothesis. Arch Gen Psychiatry 1997;
54:915–922.

802 European Journal of Cardiovascular Prevention and Rehabilitation 2007, Vol 14 No 6

Copyright © European Society of Cardiology. Unauthorized reproduction of this article is prohibited. at PENNSYLVANIA STATE UNIV on September 19, 2016cpr.sagepub.comDownloaded from 

http://cpr.sagepub.com/

