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Depression and History of Attempted Suicide
as Risk Factors for Heart Disease Mortality
in Young Individuals
Amit J. Shah, MD; Emir Veledar, PhD; Yuling Hong, MD, PhD;
J. Douglas Bremner, MD; Viola Vaccarino, MD, PhD

Context: Although depression is associated with increased cardiovascular morbidity and mortality, there is
virtually no information on whether it also increases the
risk in young populations.
Objectives: We sought to determine the association of
unipolar and bipolar depression and a history of attempted suicide with mortality due to ischemic heart disease (IHD) and cardiovascular disease (CVD) in young
US adults and to examine potential sex differences.
Design: Longitudinal epidemiologic study.
Setting: Nationally representative sample of US adults.
Participants: A total of 7641 US adults aged 17 to 39

years from the 1988-1994 Third National Health and Nutrition Examination Survey.
Main Outcome Measures: Cardiovascular disease and
IHD mortality. Unipolar/bipolar depression and a his-

tory of attempted suicide were assessed via the Diagnostic Interview Schedule.
Results: After a median follow-up of 14.9 years, a total of
51 subjects (0.67%) died of CVD causes and 28 (0.37%)
died of IHD. Depression (538 individuals [7.04%]) and history of attempted suicide (419 [5.48%]) were each associated with an increased risk of IHD death, with adjusted
hazard ratios of 3.70 (95% CI, 1.32-10.35) for depression
and 7.12 (2.67-18.98) for a history of attempted suicide.
Women with depression or a history of attempted suicide
had a 3-fold adjusted risk of CVD (adjusted hazard ratio,
3.20 [95% CI, 1.12-9.17]) and a 14-fold adjusted risk of
IHD (14.57 [2.65-80.10]). Corresponding figures for men
were 2.37 (0.85-6.58) and 3.52 (1.05-11.76).
Conclusion: In adults younger than 40 years, depression and history of attempted suicide are significant independent predictors of premature CVD and IHD mortality in both sexes.
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LTHOUGH MAJOR DEPRESsive disorder has been associated with increased risk
of ischemic heart disease
(IHD) in multiple studies,
virtually no investigations have focused on
young populations.1 Ischemic heart disease begins in youth,2 and the value of a lifecourse approach to early detection of IHD
risk is increasingly recognized as fundamental for risk assessment and prevention.3 Depression and other psychiatric disorders are highly prevalent in young people,
with more than one-half of persons aged 18
to 44 years affected by a psychiatric disorder of some type.4 Therefore, the impact of
psychiatric conditions on risk of cardiovascular disease (CVD) could be particularly
significant in younger populations, who may
also be more vulnerable to the adverse effects of psychological stressors on health
than older populations.5,6
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Depression, hopelessness, aggression,
and impulsivity may lead to attempted suicide.7 A recent study8 has shown that suicide is highly comorbid with IHD; patients with myocardial infarction (MI) and
psychiatric illness were found to have a
nearly 6-fold increased rate of suicide after MI compared with those with only psychiatric illness. Although MI may be a trigger for suicide, underlying suicidality may
also be a risk factor for MI. History of attempted suicide may therefore be a CVD
risk factor, although this has not been previously examined.7
Young adults, in general, have a substantially higher prevalence of mood disorders compared with elderly subjects, and
women have 50% higher odds of a mood
or an anxiety disorder compared with
men.4 This is also a group for which considerable gaps in our understanding of the
IHD pathophysiologic mechanism exist.
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In more than half of young women who die of IHD, only
1 or no traditional risk factor is present, and smoking is
the only conventional risk factor found to be consistently associated with IHD mortality in this group.9 Therefore, the investigation of psychosocial risk factors is especially warranted in young women, who, after developing
IHD, have accelerated mortality compared with men10 as
well as twice the prevalence of depression.11
In this study, we examined whether a clinical diagnosis of unipolar or bipolar depression according to the DSMIII criteria and a history of attempted suicide are associated with IHD and total CVD mortality in young adults and
explored sex differences in these associations. The Third
National Health and Nutrition Examination Survey
(NHANES III) is ideally suited to answer these questions
because a clinical diagnosis of depression and a history of
attempted suicide were measured in a large, nationally representative sample of persons aged 17 to 39 years, with subsequent linkage to the National Death Index. In addition,
a comprehensive array of CVD risk factors and other characteristics were thoroughly assessed, allowing for rigorous analysis of possible confounders.
METHODS

STUDY DESIGN
Study participants included US adults aged 17 to 39 years who
participated in the 1988-1994 NHANES III and underwent the
mental health survey. The NHANES is a continuous survey of
the US civilian, noninstitutionalized population designed to obtain nationally representative estimates on diet and health indicators.12 Participants are selected from a complex, multistage sampling design. The study protocol for NHANES III was
approved by the institutional review board at the National Center for Health Statistics. Signed informed consent was obtained from all participants.
A total of 7968 people aged 17 to 39 years were examined
in NHANES III. Those with a history of MI (n=18), missing
depression and history of attempted suicide data (n=303), and
missing mortality data (n=6) were excluded. The final sample
for analysis included 7641 subjects.

density lipoprotein cholesterol levels were measured using commonly available reagents (catalogue No. 816302 from Boehringer Mannheim, Indianapolis, Indiana). Binge drinking was
quantified as the number of days in the past year when the respondent drank 5 or more drinks per day and was analyzed as
a continuous measure. A person was considered inactive if he
or she did not do any leisure-time physical activity. Socioeconomic status was determined by the poverty to income ratio,
which is the ratio of the midpoint of the observed family income category to the official poverty threshold, scaled to family size; it was analyzed as a continuous variable. Years of education was also analyzed as a continuous variable. A person was
considered to have a lifetime history of smoking if he or she
had smoked 100 or more cigarettes in his or her lifetime. Because race/ethnicity was associated with CVD and overall mortality in previous studies, we included variables for white nonHispanic, black non-Hispanic, and Mexican-American race or
ethnicity in the analyses.15 Use of antidepressants was not included as a risk factor because only 5.72% of those with depression or a history of attempted suicide reported such use,
and no CVD events occurred in that subgroup.
Mortality data through December 31, 2006, were available
for NHANES III participants 17 years or older via use of the
National Death Index. Death certificate data were also available to determine the primary cause of death. A complete description of the probabilistic matching methods used to ascertain mortality can be found elsewhere.16 Ischemic heart disease
was identified by International Classification of Diseases, 10th
Revision (ICD-10) codes I20 through I25, which included acute
MI, other acute IHD, atherosclerotic CVD, and other forms of
chronic IHD. Cardiac deaths from hypertensive causes (ICD-10
codes I11 and I13) were also included because of recent guidelines on secondary IHD, which indicate that cardiac death from
hypertensive causes may relate to ischemia.17 Total CVD deaths
were identified by ICD-10 codes I00 to I99, which, in addition
to the aforementioned, included endocarditis, myocarditis, heart
failure, cerebrovascular diseases, atherosclerosis, and other circulatory and heart diseases. Total non-CVD mortality was analyzed as a secondary outcome to determine whether the relative risks for CVD or IHD due to depression were specific to
the cardiovascular system or part of a general mortality effect.
Suicide (ICD-10 codes U03, X60-X84, and Y87.0) was excluded from total mortality outcomes because the association
of depression and history of attempted suicide with suicide mortality is well established.18

BASELINE MEASUREMENTS
DATA ANALYSIS
A history of or current unipolar/bipolar depression was measured with the Diagnostic Interview Schedule,13 which is a standardized clinical instrument based on DSM-III criteria and uses
a structured interview format.14 A history of attempted suicide
was also queried during administration of the Diagnostic Interview Schedule with the question, “Have you ever attempted suicide?”
Via interview, information was obtained on age, sex, years
of education, self-identified race, ethnicity, family income, cigarette use, alcohol consumption, cocaine use, leisure-time physical activity during the preceding month, medication use, and
medical history. Blood pressure was determined by the average of 3 measurements in the examination centers and 3 measurements during the interview. Hypercholesterolemia was
defined as a total cholesterol level of more than 240 mg/dL (to
convert to millimoles per liter, multiply by 0.0259); obesity,
as a body mass index of at least 30 (calculated as weight in
kilograms divided by height in meters squared); and hypertension, as a blood pressure of at least 140/90 mm Hg and/or
current administration of antihypertensives. Total and high-

We used commercially available statistical software (SAS, version 9.2 [SAS Institute, Cary, North Carolina] and SUDAAN,
version 10 [Research Triangle Institute, Research Triangle Park,
North Carolina]) for all analysis, which accounted for the complex survey design. Missing data were accounted for through
multiple imputation.19 For most variables, less than 1% of data
were missing; exceptions included income (8.45% missing) and
high-density lipoprotein cholesterol levels (6.19% missing).
Sample weights (which take into account oversampling for race/
ethnicity, age, and nonresponse) were not taken into account
in regression analyses because of extreme variability in the
weights when dealing with a small number of outcomes. To
minimize bias, we tested for possible depression-race interaction (none was found) and adjusted for race/ethnicity in our
analyses.20 Subjects with non-CVD/IHD deaths were censored
at the time of death.
The Framingham risk score (FRS) was based on age, sex,
hypertension, diabetes mellitus, total and high-density lipoprotein cholesterol level, and smoking history, as described else-
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where21; subjects younger than 30 years were counted as 30 years
of age for point scoring. Despite this approximation, the C statistic for the FRS as a lone predictor for IHD was very good in
this young population (0.77). We used the FRS in place of the
individual risk factors (age, total and high-density lipoprotein
cholesterol levels, diabetes, systolic/diastolic blood pressure,
and smoking) to minimize statistical bias due to the small number of IHD deaths.22 As a test of robustness of this substitution, analyses that adjusted for individual risk factors were also
performed and yielded similar results (data not shown).
We fitted Cox proportional hazards models to test for the
association of depression and history of attempted suicide with
the study outcomes. Unipolar and bipolar depression were analyzed together because of the small number of individuals with
bipolar depression (n = 122). Depression and a history of attempted suicide were analyzed in separate models because of
significant overlap. In sex-stratified analyses, depression and
a history of attempted suicide were combined as a unified predictor given that they likely share similar pathophysiologic features.23 The proportional hazards assumption was checked using
Schoenfeld residuals and log-log survival plots. In addition to
the core model that included sex, race/ethnicity, and the FRS
for women and men, sensitivity analysis that included individual socioeconomic and lifestyle-related risk factors was also
performed to demonstrate the robustness of depression and history of attempted suicide as predictors.24,25 Covariates to be included in sensitivity analysis were chosen on the basis of theoretical plausibility, prior empirical findings, or demonstrated
associations with depression or attempted suicide and mortality in this sample; they included income, education, body mass
index, alcohol intake, sedentary lifestyle, and cocaine use.
Finally, we calculated the population-attributable risk (PAR)
for depression and attempted suicide, as well as for traditional
risk factors that were positively associated with IHD in this young
population (smoking, hypertension, diabetes mellitus, and obesity), using the following formula26:
PAR=[(Proportion of Exposed Cases)⫻(Relative Risk−1)]/
Relative Risk
The formula determined the proportion of deaths that could
be prevented if the exposure was not present. The unweighted
proportion of cases exposed was calculated, and adjusted relative risks were derived from a model that included all these risk
factors.
RESULTS

BASELINE CHARACTERISTICS
The mean age of the sample was 28.1 years, with women
constituting 54.47%. Of 7641 participants, 416 (5.44%)
had a lifetime history positive for unipolar depression,
122 (1.60%) had a lifetime history positive for bipolar
depression, and 419 (5.48%) reported previous attempted suicide. Considerable overlap existed between
depression and attempted suicide; of 821 people with any
of these conditions, 136 had both. Of those who had a
history of attempted suicide, 101 of 309 women (32.69%)
and 35 of 110 men (31.82%) had a history of depression. These frequencies translate into more than 10 million people (15.2% of women and 7.6% of men) aged 18
to 39 years in the United States who had major depressive disorder, bipolar disorder, and/or a history of attempted suicide in 1990.
Factors related to higher rates of depression were older
age, female sex, white race, smoking, cocaine use, and

morbid obesity (Table 1). Factors associated with higher
rates of attempted suicide were female sex, less education, poverty, sedentary behavior, smoking, and cocaine use.
MORTALITY
After a median follow-up time of 14.9 (interquartile range,
13.6-16.5) years, there were 261 total deaths (3.42%),
of which 246 (3.22%) were for reasons other than suicide, and 51 (0.67%) from CVD. Of these, 28 (0.37%)
were from IHD, 8 were from cerebrovascular causes, and
15 were from other CVD causes.
Depression and a history of attempted suicide were
related to CVD mortality (Table 2), which occurred in
51 people, of whom 4 had attempted suicide, 4 had depression, and 2 had both. After adjusting for age, sex, and
race/ethnicity, the hazard ratio (HR) for depression was
2.38 (95% CI, 0.93-6.08) and for history of attempted
suicide was 3.21 (1.36-7.56). Further adjustment for traditional risk factors caused only minimal change in the
estimates for depression (HR, 2.21 [95% CI, 0.865.69]) and history of attempted suicide (3.21 [1.337.76]). Similarly, sensitivity analysis adding socioeconomic and lifestyle factors to the model showed modest
(⬍10%) decreases in effect size.
Depression and history of attempted suicide also showed
significant associations with IHD mortality. Of the 28 people
who died of IHD, 4 had attempted suicide, 3 had depression, and 2 had both. After adjustment for sex, race, and
traditional risk factors, a history of attempted suicide was
associated with more than 7 times higher risk of IHD (HR,
7.12 [95% CI, 2.67-18.98]), and depression was associated with an almost 4-fold higher risk (HR, 3.70 [1.3210.35]; Table 2). Addition of socioeconomic and lifestyle
factors to the model had only a modest effect on the association. Additional sensitivity analyses that included medical history (asthma, chronic obstructive pulmonary disease, arthritis, gout, cancer, and thyroid disease) did not
significantly alter the findings (data not shown). Similarly, when subjects who were taking antidepressants were
excluded (n=32), the HR of IHD for depression was only
minimally changed (⬍10%).
In sex-stratified analyses, the adjusted HR for IHD death
for depression and history of attempted suicide as a combined risk factor was higher in women (7 IHD deaths;
HR, 14.57 [95% CI, 2.65-80.10]) than in men (21 IHD
deaths; 3.52 [1.05-11.76]), with P=.13 for the interaction with sex (Table 3). A smaller sex difference was
found for CVD mortality, with an adjusted HR of 3.20
(14 deaths [95% CI, 1.12-9.17]) in women and 2.37 (37
deaths [0.85-6.58]) in men, with P=.62 for the interaction with sex. History of depression and/or attempted suicide occurred in 5 women and 5 men who died of CVD.
Of these, all 5 women and 4 of the 5 men died of IHD
causes.
For non-CVD mortality, depression and a history of
attempted suicide were significant predictors in men only
(n=3491), with an adjusted relative risk of 2.49 (95% CI,
1.19-5.21) for depression, and P = .02 for the sexdepression interaction (Figure 1). The results were similar for a history of attempted suicide (HR, 2.58 [95% CI,
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Table 1. Baseline Prevalence of Unipolar and Bipolar Depression and History of Attempted Suicide According to the Level
of Other Baseline Factors
Depression
Factor
Overall
Age, y
⬍30
30-39
Sex
Male
Female
Race/ethnicity
White
Black
Hispanic
Other
⬍High school educational level
Economic status below poverty level c
Health behaviors
Sedentary lifestyle
Never smoker
Past smoker
Current smoker
History of cocaine use
History of binge drinking
BMI
Normal weight
Overweight
Obese
Morbidly obese

Attempted Suicide

No. of
Subjects a

Prevalence, %
(n = 538)

Prevalence, %
(n = 419)

7641

7.04

4472
3169

6.35
8.02

.01

5.64
5.27

.49

3479
4162

4.50
9.20

⬍.001

3.16
7.42

⬍.001

2182
2530
2610
319
2698
2053

9.43
6.01
6.25
5.33
6.45
7.89

1286
4506
892
2242
297
2624

7.93
5.70
8.62
9.10
11.11
8.46

3875
2172
940
643

6.97
6.45
6.60
10.09

P Value b

P Value b

5.48

5.96
4.90
5.56
6.27
7.15
7.50

⬍.001
.13
.08
.17

.39
⬍.001
⬍.001

7.08
3.86
6.05
8.52
13.47
5.68

⬍.001
.01
.07

.01
⬍.001
⬍.001
.53

5.11
5.39
5.74
7.78

.01

.052

Abbreviation: BMI, body mass index.
a The following categories may include fewer than 7641 individuals because of missing data (n missing): educational level (46), economic status (646), smoking
behavior (1), sedentary behavior (35), cocaine use (7), and BMI (11).
b Calculated as 2 test comparing depression prevalence in those with and without the characteristic.
c Based on a poverty to income ratio of less than 1.

Table 2. Hazard Ratios Relating Unipolar and Bipolar Depression and History of Attempted Suicide to CVD and IHD Mortality
Before and After Adjustment for Covariates a
CVD Mortality (51 Deaths)

No. exposed/total population
Unadjusted
Adjustments b
Sex and race
FRS c
Additional separate covariates
Income
Educational level
BMI
Alcohol intake
Sedentary lifestyle
Cocaine use
All additional covariates

IHD Mortality (28 Deaths)

Depression

Attempted Suicide

Depression

Attempted Suicide

538/7641
1.84 (0.74-4.61)

419/7641
2.38 (0.97-5.87)

538/7641
3.04 (1.08-8.55)

419/7641
4.92 (1.84-13.16)

2.38 (0.93-6.08)
2.21 (0.86-5.69)

3.21 (1.36-7.56)
3.21 (1.33-7.76)

3.98 (1.43-11.12)
3.70 (1.32-10.35)

6.82 (2.75-16.91)
7.12 (2.67-18.98)

2.21 (0.86-5.65)
2.28 (0.89-5.85)
2.01 (0.78-5.19)
2.17 (0.84-5.64)
2.20 (0.86-5.66)
2.19 (0.87-5.53)
1.99 (0.79-5.04)

2.96 (1.20-7.28)
3.10 (1.28-7.51)
3.25 (1.37-7.74)
3.15 (1.27-7.84)
3.19 (1.33-7.63)
3.18 (1.34-7.59)
2.90 (1.19-7.08)

3.70 (1.33-10.26)
3.78 (1.35-10.53)
3.20 (1.12-9.15)
3.71 (1.32-10.45)
3.66 (1.31-10.21)
3.72 (1.35-10.28)
3.23 (1.16-9.02)

6.53 (2.40-17.76)
7.00 (2.60-18.80)
7.04 (2.61-18.96)
7.19 (2.61-19.77)
6.99 (2.37-18.31)
7.26 (2.78-18.99)
6.69 (2.42-18.52)

Abbreviations: BMI, body mass index; CVD, cardiovascular disease; FRS, Framingham risk score; IHD, ischemic heart disease.
a Unless otherwise indicated, data are expressed as hazard ratio (95% CI).
b Adjustments are inclusive of previous rows unless otherwise indicated.
c The FRS involves age, smoking, systolic blood pressure, diastolic blood pressure, total and high-density lipoprotein cholesterol levels, and diabetes mellitus as
categorical measures.

1.28-5.20]). For women, the relative risks for non-CVD
mortality were all nonsignificant, with an estimate less
than 1.

The PAR for IHD for subjects with depression/
attempted suicide and conventional IHD risk factors is
shown in Figure 2 for men and women. The PAR for
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Table 3. Sex-Stratified Hazard Ratios Relating Depression and History of Attempted Suicide to CVD and IHD Mortality
Before and After Adjustment for Covariates a
CVD Mortality

No. exposed/total population
Unadjusted
Adjustments b
Sex and race
FRS c
Additional separate covariates
Income
Educational level
BMI
Alcohol intake
Sedentary lifestyle
Cocaine use
All additional covariates

IHD Mortality

Women
(14 Deaths)

Men
(37 Deaths)

Women
(7 Deaths)

Men
(21 Deaths)

591/4162
3.46 (1.21-9.90)

230/3479
2.34 (0.85-6.45)

591/4162
15.70 (2.85-86.58)

230/3479
3.56 (1.08-11.72)

3.58 (1.24-10.32)
3.20 (1.12-9.17)

2.40 (0.86-6.73)
2.37 (0.85-6.58)

16.11 (2.94-88.33)
14.57 (2.65-80.10)

3.59 (1.08-11.98)
3.52 (1.05-11.76)

3.10 (1.08-8.89)
3.13 (1.08-9.04)
3.08 (1.08-8.83)
3.13 (1.07-9.21)
3.19 (1.12-9.13)
3.19 (1.12-9.08)
2.89 (1.00-8.40)

2.28 (0.81-6.40)
2.42 (0.88-6.63)
2.18 (0.78-6.07)
2.34 (0.83-6.59)
2.85 (0.85-6.49)
2.35 (0.88-6.28)
2.11 (0.79-5.65)

14.13 (2.55-78.19)
14.35 (2.58-79.86)
13.88 (2.41-76.80)
14.72 (2.63-82.47)
14.52 (2.65-79.62)
14.66 (2.70-79.53)
13.58 (2.42-76.24)

3.36 (1.01-11.16)
3.51 (1.07-11.84)
3.03 (0.88-10.48)
3.54 (1.05-11.97)
3.45 (1.06-11.25)
3.59 (1.11-11.64)
2.99 (0.91-9.81)

Abbreviations: BMI, body mass index; CVD, cardiovascular disease; FRS, Framingham risk score; IHD, ischemic heart disease.
a Unless otherwise indicated, data are expressed as hazard ratio (95% CI).
b Adjustments are inclusive of previous rows unless otherwise indicated.
c The FRS involves age, smoking, systolic blood pressure, diastolic blood pressure, total and high-density lipoprotein cholesterol levels, and diabetes mellitus as
categorical measures. Sex interaction in the adjusted CVD model is P = .62 and in the IHD model is P = .13.

CVD Mortality

RR (95% CI)

Depression, both sexes
History of attempted suicide, both sexes

2.21 (0.86-5.697)
3.21 (1.33-7.76)

Depression/attempted suicide, men
Depression/attempted suicide, women

2.37 (0.85-6.58)
3.20 (1.24-10.32)

IHD Mortality
Depression, both sexes
History of attempted suicide, both sexes
Depression/attempted suicide, men
Depression/attempted suicide, women

3.70 (1.32-10.35)
7.12 (2.67-18.98)
3.52 (1.05-11.76)
14.57 (2.65-80.10)

Total Non-CVD Mortality
Depression, men
Depression, women

2.49 (1.19-5.21)
0.59 (0.24-1.47)

History of attempted suicide, men
History of attempted suicide, women

2.58 (1.28-5.20)
0.94 (0.41-2.18)

0.1

1.0

10

100

Risk Ratio

Figure 1. Adjusted relative risks (RRs) of unipolar and bipolar depression and a history of attempted suicide for death from cardiovascular disease (CVD),
ischemic heart disease (IHD), and other causes. Relative risks are based on hazard ratios in a multivariate model adjusted for Framingham risk score (calculated
from age, smoking status, blood pressure, total and high-density lipoprotein cholesterol levels, diabetes mellitus, race/ethnicity, and sex).

depression/attempted suicide is highest (65%) in women
and is higher than for any conventional risk factor.
COMMENT

This is, to our knowledge, the first population-based study
to examine the relationship between a clinical diagnosis
of depression and mortality due to CVD and IHD in a
cohort of young adults. In addition, it is the first study
to examine a history of suicide attempts along with depression as a marker for future CVD and IHD mortality.
Because previous studies have included middle-aged and
older populations, the dramatic impact of depression and

suicidality (as measured by attempted suicide) on IHD
mortality in younger individuals has gone unrecognized. Our results are supported by other studies that show
increased cardiac susceptibility to psychosocial stress in
younger vs older populations5,6,27 and further underscore the importance of stress reduction in young adults.
Young women may also be at particular risk given that 5
of 7 IHD deaths (as opposed to 4 of 21 in young men)
involved depression and/or attempted suicide.
Although several studies have examined the relationship between depression and CVD mortality,1 our study
differs in many substantial ways. First, we examined a
clinical diagnosis of unipolar or bipolar depression, which
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Figure 2. Population-attributable risk of ischemic heart disease mortality due
to depression and a history of attempted suicide and traditional risk factors.
Risk is based on hazard ratios in a multivariate model that included
depression/attempted suicide, age, race/ethnicity, smoking, hypertension,
hyperlipidemia, diabetes mellitus, and obesity.

may be a more robust risk indicator for IHD mortality
compared with depressive symptom scales, which were
the focus of most previous population studies.28 Second, we examined young individuals, whereas much of
the previous data come from older populations with comorbidities and a larger burden of IHD risk factors.1 Because our young sample is considerably healthier than
the older populations included in previous studies, the
potential for unaccounted confounding factors is less, adding validity to our findings. Third, along with depression, we considered a history of attempted suicide, a related factor that may help capture mood and personality
disturbances in young individuals at a population level
that may have been missed by the Diagnostic Interview
Schedule and that was never examined before with respect to cardiovascular risk.29
Although we did not find significant sex interaction with
regard to CVD and IHD mortality, we did find significant
sex differences in non-CVD mortality that were in the opposite direction. Specifically, women with depression/
attempted suicide were at higher risk for CVD and IHD mortality but not for non-CVD mortality, whereas men showed
more consistent associations across types of mortality. Although the reasons for this are not clear, it implies that the
increased risk associated with depression/attempted suicide in women is specific to IHD, whereas in men it reflects a more general mortality risk. Our findings are consistent with previous studies that, albeit in different
populations, have noted higher risks associated with depression among women than men,30,31 although such sex
differences are also subject to debate.32
We found that a history of attempted suicide was at
least as predictive of CVD/IHD mortality as depression.
Although suicidality is a symptom of depression, people
with a history of attempted suicide may be affected by
other psychiatric disorders in addition to depression,
which may also increase CVD risk.29 Patients with increased suicidality exhibit changes in the brain that are
consistent with a state of severe, enduring stress, including increased serotonin binding sites in the brain in those

who completed suicide.33 It is possible that a history of
attempted suicide is a marker of severe depression and
hopelessness or is an index of multiple adverse psychological risk factors that synergistically increase CVD risk.
In addition, the increased suicide rate found in patients
with MI by Larsen et al8 may, in part, be owing to increased prevalence of antecedent suicidality in patients
with MI. A history of attempted suicide, therefore, is likely
a very important and underrecognized risk factor for IHD
in addition to depression.
Depression is thought to increase the risk of IHD
through several stress-related physiological mechanisms that may also occur in people with a history of attempted suicide. For example, heart rate variability, an
indicator of poor autonomic function and a risk factor
for IHD,34 is lower in persons with depression compared with those without depression.35 Depression is also
associated with increased cortisol secretion,36 which has
potential adverse cardiovascular effects, including decreased glucose intolerance and increased visceral adiposity.37 Lifestyle factors may also play a role in mediating the relationship between depression and IHD,38
although our study showed a significant risk of depression and a history of attempted suicide even after thorough adjustment for health behaviors. Therefore, direct
physiological effects of depression may play a greater role
than lifestyle factors in this young population.
LIMITATIONS
Although we did not use sample weights, we attempted
to minimize this limitation by controlling for the sampling factors of race/ethnicity in our analysis. Each risk
factor was measured only at inception of the cohort and
is subject to change over time; therefore, this may increase random error. However, this problem would only
bias the estimates toward the null. The utility of a history of attempted suicide as a preventable risk factor is
limited by the understanding of its underlying cause, although 2 primary causes, hopelessness and impulsivity
(even without an intent to die), are amenable to psychotherapy.39 A history of attempted suicide may be misclassified because it was ascertained from a single question and subject to recall bias. Questions regarding the
use of cocaine, alcohol, and tobacco may be subject to
recall bias as well. The cause of death was ascertained
by death certificate data and may also be subject to misclassification owing to missing information. However,
such misclassification more frequently occurs in elderly
individuals.40 Also, it is likely that these causes of misclassification are equally distributed in exposed and unexposed individuals, again biasing the study estimates toward the null.
Possibly the most important limitation of this study
is the low event rate given the young age of our population. This limited the power of our analysis and caused
wide CIs. As a result, the sex interaction was not statistically significant, and despite large numerical differences in HRs, we cannot make definite conclusions about
sex differences. Although bias is possible in multivariate models because of few outcomes, a ratio of 5 outcomes per predictor has been shown to suffice for accu-
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rate (⬍10% bias) estimation of relative risk.22 The number
of covariates was also minimized in our analysis by using
the FRS rather than individual CVD risk factors. In addition, we performed a series of sensitivity analyses, including a diverse array of adjustment factors, and our results remained robust. Because of this, we believe that
our analyses are unbiased and our results are valid; nonetheless, further study is necessary. We believe that the
identification of risk factors for CVD in younger adults
is so important for prevention that this area should not
be neglected on the basis of low event rates alone. This
practice may especially limit our understanding of preventable risk factors for women, who notoriously have
lower event rates than men until elderly age. On the other
hand, women remain a group for whom more knowledge about CVD risk factors and pathophysiologic mechanisms is needed.
In conclusion, our study uncovers a profound role of
psychological factors on premature CVD deaths in young
individuals. Although young men and women with depression or a history of attempted suicide are at increased
risk of CVD, women with these risk factors may be especially susceptible to death from IHD. Given the high impact of premature death on families and the workforce, more
research and more preventive and therapeutic efforts are
warranted to uncover the causes and mitigate the consequences of these adverse effects. Our data also suggest that
more research should take a life-course approach to identify risk factors for IHD early in life.
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