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OBJECTIVE — The aim of this study was to evaluate the effect of depression on all-cause and
coronary heart disease (CHD) mortality among adults with and without diabetes.

RESEARCH DESIGN AND METHODS — We studied 10,025 participants in the pop-
ulation-based National Health and Nutrition Examination Survey I Epidemiologic Follow-up
Study who were alive and interviewed in 1982 and had complete data for the Center for
Epidemiologic Studies Depression Scale. Four groups were created based on diabetes and de-
pression status in 1982: 1) no diabetes, no depression (reference group); 2) no diabetes, depres-
sion present; 3) diabetes present, no depression; and i4) diabetes present, depression present.
Cox proportional hazards regression models were used to calculate multivariate-adjusted hazard
ratios (HRs) of death for each group compared with the reference group.

RESULTS — Over 8 years (83,624 person-years of follow-up), 1,925 deaths were docu-
mented, including 522 deaths from CHD. Mortality rate per 1,000 person-years of follow-up was
highest in the group with both diabetes and depression. Compared with the reference group,
HRs for all-cause mortality were no diabetes, depression present, 1.20 (95% CI 1.03–1.40);
diabetes present, no depression 1.88 (1.55–2.27); and diabetes present, depression present, 2.50
(2.04–3.08). HRs for CHD mortality were no diabetes, depression present, 1.29 (0.96–1.74);
diabetes present, no depression 2.26 (1.60–3.21); and diabetes present, depression present,
2.43 (1.66–3.56).

CONCLUSIONS — The coexistence of diabetes and depression is associated with a signifi-
cantly increased risk of death from all causes, beyond that due to having either diabetes or
depression alone.
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D epression is highly prevalent in the
U.S., affecting �18.8 million adults
or about 9.5% of the U.S. popula-

tion aged �18 in a given year (1). Depres-

sion is a leading cause of disability,
workplace absenteeism, diminished or
lost productivity, and increased use of
health care resources (2,3). There is fairly

consistent evidence that depression is as-
sociated with increased mortality (4–9).
A recent meta-analysis, which included
25 studies and 106,628 subjects, found
that the hazard ratio (HR) for all-cause
mortality in depressed subjects was 1.81
(95% CI 1.58–2.07) compared with that
for nondepressed subjects (10).

Diabetes is also highly prevalent in
the U.S. (11), and multiple studies have
documented an increased prevalence of
depression in individuals with diabetes
(12). It is estimated that 10–30% of peo-
ple with diabetes have coexisting depres-
sion and that people with diabetes have
twofold increased odds of having depres-
sion compared with individuals without
diabetes (12,13). The coexistence of de-
pression and diabetes is known to be as-
sociated with poor glycemic control
(14,15), an increased risk of complica-
tions (16–18), a decreased quality of life
(19), an increased disability burden
(20,21), and increased health care use
and costs (19,22,23). However, no study
has examined whether the coexistence of
depression and diabetes is associated with
increased risk of mortality. In particular,
there are no data that compares the effect
of depression on the risk of death in peo-
ple with and without diabetes.

To address these issues, we examined
mortality in a large nationally representa-
tive cohort of adults aged 25–75 years in
1971–1975 (24), who were reinterviewed
in 1982 and followed until 1992 (25,26).
We compared all-cause and coronary
heart disease (CHD) mortality among
four subsets of participants based on their
disease status at the 1982 interview.

RESEARCH DESIGN AND
METHODS — The National Health
and Nutrition Examination Survey
(NHANES) I was a multistage, stratified,
national probability sample of the civilian
noninstitutionalized population of the
U.S. aged 1–74 years (24). The survey was
conducted between 1971 and 1975 and
included a standardized examination and
questionnaires that addressed various
health topics. Persons living in poverty
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areas, women of childbearing age (25–44
years), and elderly persons (�65 years)
were oversampled. The NHANES I sam-
ple included 20,729 persons 25–74 years
of age, of whom 14,407 (70%) were med-
ically examined.

The NHANES I Epidemiologic Fol-
low-up Study (NHEFS) is a longitudinal
study of participants who were between
25 and 74 years old during the 1971–
1975 interviews (25,26). The first fol-
low-up study was conducted in 1982 and
included all persons aged 25–74 years at
the NHANES I assessment (n � 14,407).
Participants were subsequently inter-
viewed in 1986, 1987, and 1992. The
1982 follow-up interview included data
on self-reported medical conditions and
an assessment of depression based on the
Center for Epidemiologic Studies Depres-
sion Scale (CES-D). For this investigation,
we analyzed data on participants in the
NHEFS cohort who completed the CES-D
in 1982 and were followed until the 1992
interview date.

Definition of depression
The CES-D is a self-report scale designed
to measure depression in the general pop-
ulation (27). The scale consists of 20
items rated on a four-point scale with re-
sponse categories indicating the fre-
quency of occurrence of each item in the
previous week. The four-point scale
ranges from 0 (rarely or none of the time)
to 3 (most or all of the time). Scores for
items 4, 8, 12, and 16 are reversed before
scores for the 20 items are summed. Total
scores range from 0 to 60 with higher
scores indicating more depressive symp-
toms. A cutoff of �16 has been used ex-
tensively for distinguishing depressed
from nondepressed patients. The CES-D
is a valid and reliable instrument for as-
sessing depression in community samples
with high internal consistency, good con-
struct and concurrent validity, and mod-
est test-retest reliability (27–30).

Defining the study cohort
Of the 14,407 respondents eligible for in-
clusion in the 1982 follow-up study,
13,383 were traced, 11,361 were living,
and 10,523 were interviewed (25). We
defined our cohort as the 10,025 individ-
uals who were alive and interviewed in
1982 and who had complete data for the
CES-D. We excluded 498 individuals
who either did not have complete data for
the CES-D or were missing data for co-

variates. We divided the cohort into four
groups based on the presence or absence
of self-reported diabetes and depression
(defined as CES-D �16) in 1982 as fol-
lows: 1) individuals without diabetes and
without depression, 2) individuals with-
out diabetes but with depression, 3) indi-
viduals with diabetes but without
depression, and 4) individuals with both
diabetes and depression.

Baseline data collection
Demographic, lifestyle behavior, and co-
morbidity information were collected as
part of the 1982 interview. We included
age (in years) as a continuous variable.
Race/ethnicity was categorized as white
versus black/other. Poverty:income ratio
was defined as percentage of the U.S. fed-
eral poverty level and classified as
�125%, 125–399%, and �400%. Edu-
cation was categorized as �high school
graduate, high school graduate, or �high
school graduate, and marital status was
classified as not married or married. BMI
was calculated from self-reported weight
and height and categorized as normal
weight (18.5–24.9), overweight (25.0–
29.9), and obese (�30.0�). Smoking
was grouped as never, former, or current
smoker, and physical activity based on
the individual’s engagement in usual rec-
reational activity was categorized as regu-
lar, light, or sedentary. Self-reported
aspirin use was dichotomized as yes ver-
sus no.

In addition, respondents were asked
to report previously diagnosed medical
conditions, including diabetes, hyperten-
sion, heart disease, stroke, and cancer.
The diagnosis of diabetes was based on a
“yes” response to the question, “Have you
ever been told by a doctor that you have
diabetes?” A similar approach was used to
establish prior diagnosis of the other self-
reported medical conditions.

Outcome measures
Main outcome measures were all-cause
mortality and CHD mortality across the
four groups in the cohort. Follow-up data
were collected in four waves: 1982–1984,
1986, 1987, and 1992. For each wave,
patient or proxy interviews were con-
ducted and health care facility records as
well as death certificates were obtained.
Death for each cohort member was ascer-
tained through a search of the National
Death Index or through tracing of vital
status via a proxy interview. The underly-

ing causes of death on the death certifi-
cates were classified according to ICD-9.
End points for this study were deaths
from all causes and deaths related to CHD
(ICD-9 codes 410–414). The reliability
of the National Death Index for epidemi-
ological studies has been previously vali-
dated (31,32). Length of follow-up for
each individual was calculated from the
date of the baseline interview (1982–
1984) to either the date of death or the
date of last follow-up.

Statistical analysis
Statistical analysis was performed with
SAS (Cary, NC) (33) and SUDAAN (Re-
search Triangle Park, NC) (34) and the
approach recommended by the National
Center for Health Statistics for analyzing
the NHEFS was used (35). Means or
proportions of baseline risk factors were
calculated for the reference group (indi-
viduals without diabetes and without de-
pression) and the other three groups
(individuals without diabetes but with
depression, individuals with diabetes but
without depression, and individuals with
both diabetes and depression). All-cause
and CHD mortality rates per 1,000 per-
son-years of follow-up were calculated for
the four groups. Life expectancy and sur-
vival times for the four groups were esti-
mated by the Kaplan-Meier product-limit
method.

Cox proportional hazards regression
models were used to calculate multivari-
ate-adjusted HRs of death for each group
compared with the reference group. Sim-
ulation data have shown that the Cox
model is preferred to the cumulative lo-
gistic or person-time logistic regression
models for analyzing data from the
NHEFS because it takes into account dif-
ferential follow-up time and does not re-
quire the survival time to be exponentially
distributed (35). Two multivariate mod-
els were developed: a minimal model
(model 1) that included confounding so-
ciodemographic variables that were un-
likely to be mediators of the relationship
between diabetes/depression and mortal-
ity and a full model (model 2) that in-
cluded variables in model 1 and
additional variables that were likely to be
mediators of the relation between diabe-
tes/depression and mortality. Model 1 in-
cluded age in 1982, sex, race/ethnicity,
poverty:income ratio, education, and
marital status. In addition to the variables
in model 1, model 2 included smoking,

Depression and heart disease mortality
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physical activity, BMI, aspirin use, and
comorbid medical conditions at baseline
(cancer, hypertension, heart disease, and
stroke). In these models, age at death (or
age at last contact for censored subjects)
was used as the dependent variable. The
assumption of proportionality of hazard
was assessed for the four diabetes/
depression classification groups and each
study covariate; all multivariate models
satisfied this assumption.

RESULTS — In this nationally repre-
sentative sample of 10,025 adults fol-
lowed for an average duration of 8 years

(83,624 person-years of follow-up),
1,925 (19%) of the study subjects died.
CHD accounted for 522 (27%) of all
deaths. Table 1 shows the baseline char-
acteristics of the study participants. In
general, the group of individuals with
both diabetes and depression were older,
included more women, included more
ethnic minorities, were more likely to
have sedentary lifestyles, more likely to be
overweight/obese, and more likely to
have history of hypertension, heart dis-
ease, and stroke at baseline compared
with the other three groups. On the con-
trary, individuals with both diabetes and

depression were poorer, were less edu-
cated, and were less likely to be married at
baseline compared with individuals in the
other three groups.

Table 2 presents mortality rates and
multivariate-adjusted HRs of death from
all-cause and CHD according to diabetes
and depression diagnoses at the 1982 in-
terview. Mortality rate per 1,000 person-
years of follow-up from all causes and
from CHD were highest in individuals
with both diabetes and depression and
lowest in individuals without diabetes
and without depression. Multivariate-
adjusted HRs of deaths from all causes
were significantly higher for people with
diabetes but highest for those with both
diabetes and depression. For model 1,
compared with the reference group (indi-
viduals without diabetes and without de-
pression), the adjusted HR of death was
threefold higher for those with both dia-
betes and depression. After further multi-
variate adjustment (model 2), the HR of
death was 2.5-fold higher for people with
both diabetes and depression.

Post hoc comparisons showed that
adjusted hazards for all-cause mortality
were significantly higher in people with
both diabetes and depression compared
with those with only diabetes in both the
minimal (odds ratio [OR] 1.67 [95% CI
1.30 –2.14]) and the full (1.33 [1.02–
1.74]) models. Similarly, adjusted hazards
for all-cause mortality were significantly
higher in people with both diabetes and
depression compared with those with
only depression in both the minimal
(2.44 [1.97–3.03]) and the full (2.08
[1.68–2.59]) models.

For CHD mortality, both the minimal
and full multivariate-adjusted models
suggested that HRs were higher for people
with diabetes but highest for those with
both diabetes and depression compared
with the reference group. However, post
hoc comparisons showed that adjusted
hazards for CHD mortality were not sig-
nificantly higher in people with both dia-
betes and depression compared with
those with only diabetes in both the min-
imal (OR 1.38 [95% CI 0.89–2.12]) and
the full (1.07 [0.67–1.71]) models. In
contrast, CHD mortality was significantly
higher in people with both diabetes and
depression compared with those with
only depression in both the minimal
(2.37 [1.57–3.58]) and the full (1.88
[1.23–2.87]) models. Figures 1 and 2
show Kaplan-Meier curves of unadjusted

Table 1—Baseline characteristics in 1982 by presence or absence of diabetes and depression

No diabetes,
not depressed

No diabetes,
depressed

Diabetes,
not depressed

Diabetes,
depressed

n 7,032 2,278 453 262
Mean age (years) 55.7 56.9 62.6 64.2
Sex (%)

Male 40.0 28.4 43.5 28.6
Female 60.0 71.6 56.5 71.4

Race/ethnicity (%)
White 87.9 83.1 75.9 72.9
Black/other 12.1 16.9 24.1 27.1

Poverty:income ratio (%)
�125 16.6 26.1 31.5 36.1
125–399 61.6 59.8 52.0 54.1
�400 21.8 14.1 16.5 9.8

Education (%)
�High school graduate 36.7 50.0 59.7 70.6
High school graduate 30.7 27.0 23.1 16.1
�High school graduate 32.6 23.0 17.2 13.3

Marital status (%)
Not married 28.5 38.7 38.3 48.1
Married 71.5 61.3 61.7 51.9

Physical activity (%)
Regular 17.3 13.3 9.1 8.4
Light 52.2 41.1 42.8 29.1
Sedentary 30.5 45.6 48.1 62.5

Mean BMI (kg/m2) 25.9 26.1 28.7 29.0
BMI category (%)

Normal weight (18.5–24.9 kg/m2) 47.3 47.8 28.5 25.4
Overweight (25.0–29.9 kg/m2) 36.1 33.6 37.2 37.5
Obese (�30 kg/m2) 16.6 18.6 34.3 37.1

Smoking (%)
Never smoked 44.8 45.6 48.6 51.5
Former smoker 27.6 23.7 30.9 27.5
Current smoker 27.6 30.7 20.5 21.0

Cancer (%) 3.5 5.4 4.4 5.7
Hypertension (%) 40.6 48.6 69.5 74.4
Heart disease (%) 13.5 22.1 30.9 45.0
Stroke (%) 0.6 1.9 3.1 8.4
Aspirin use (%) 21.7 30.8 25.6 30.9

Egede and Associates

DIABETES CARE, VOLUME 28, NUMBER 6, JUNE 2005 1341

D
ow

nloaded from
 http://diabetesjournals.org/care/article-pdf/28/6/1339/659803/zdc00605001339.pdf by guest on 06 O

ctober 2022



life expectancy and survival times for both
all-cause and CHD mortality during the
periods of follow-up for the four groups.

CONCLUSIONS — This is the first
study to compare the effects of depression
on mortality in people with and without

diabetes. The study provides evidence
that over a mean follow-up period of 8
years, the coexistence of diabetes and de-

Figure 1—Estimated probability of survival (all-cause mortality) according to diabetes and depression diagnosis in 1982.

Table 2—HR of death from all causes and coronary heart disease according to diabetes and depression diagnoses in 1982

No diabetes, not depressed No diabetes, depressed Diabetes, not depressed Diabetes, depressed

n 7,032 2,278 453 262
Person-years of follow-up 59,934 18,616 3,371 1,703
All-cause mortality

Deaths (n) 1,147 478 166 134
Mortality rate (per 1,000) 19.1 25.7 49.2 78.7
Hazard ratio (95% CI)

Multivariate model 1 1.00 (reference) 1.34 (1.16–1.54) 1.96 (1.63–2.35)* 3.27 (2.66–4.01)*
Multivariate model 2 1.00 (reference) 1.20 (1.03–1.40) 1.88 (1.55–2.27)† 2.50 (2.04–3.08)†

CHD mortality
Deaths (n) 301 125 55 41
Mortality rate (per 1,000) 5.0 6.7 16.3 24.1
HR (95% CI)

Multivariate model 1 1.00 (reference) 1.46 (1.09–1.95) 2.51 (1.81–3.47)‡ 3.46 (2.41–4.96)‡
Multivariate model 2 1.00 (reference) 1.29 (0.96–1.74) 2.26 (1.60–3.21)§ 2.43 (1.66–3.56)§

Mortality rate was calculated with person-years of follow-up as denominator. CHD was defined by ICD-9 codes 410–414. Multivariate model 1 was adjusted for age
in 1982 (years), sex, race/ethnicity (white vs. black/other), poverty:income ratio (�125, 125–399, �400%), education (�high school, high school, �high school),
marital status (not married vs. married). Multivariate model 2 included additional adjustments for smoking (never, former, current), physical activity (light, regular,
sedentary), BMI (�18.5, 18.5–24.9, 25.0–29.9, �30 kg/m2), aspirin use (yes vs. no), and comorbid conditions at baseline (cancer, hypertension, heart disease,
stroke). *Comparison of diabetes, depressed vs. diabetes, and not depressed for model 1 significantly different (OR 1.67 �95% CI 1.30–2.14�). †Comparison of
diabetes, depressed vs. diabetes, and not depressed for model 2 significantly different (OR 1.33 �1.02–1.74�). ‡Comparison of diabetes, depressed vs. diabetes, and
not depressed for model 1 significantly different (OR 1.38 �0.89–2.12�). §Comparison of diabetes, depressed vs. diabetes, and not depressed for model 2 significantly
different (OR 1.07 �0.67–1.71�).
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pression is associated with significantly
increased risk of death from all causes be-
yond that due to having either diabetes or
depression alone. After adjusting for clin-
ically relevant confounders, people with
both diabetes and depression had a 1.3-
fold increased risk of death from all causes
compared with people with only diabetes,
a 2-fold increased risk of death from all
causes compared with people with only
depression, and a 2.5-fold increased risk
of death compared with people without
either diabetes or depression.

We found that in comparison with in-
dividuals without diabetes, the risk of
death associated with diabetes was ap-
proximately twofold (minimal and full
models). This is consistent with the find-
ings of other investigators, who have
shown that diabetes is associated with a
1.5- to 2-fold increased risk of death (36–
40). Our estimates of the risk of death
associated with depression ranged from
1.2 to 1.3. This seems lower than esti-
mates from some previous studies
(4,7,10) but appears consistent with
those from other studies (5,6). It seems
that these inconsistencies are due to dif-
ferences in study design, diagnostic crite-

ria for depression, and duration of follow-
up.

In this study, the coexistence of dia-
betes and depression seems to have a syn-
ergistic effect on all-cause mortality. In
the full model (model 2), depression
alone was associated with a 1.2-fold in-
creased risk of death, diabetes alone was
associated with a 1.9-fold increased risk
of death, but the combination of diabetes
and depression was associated with a 2.5-
fold increased risk of death. In post hoc
comparisons, people with diabetes and
comorbid depression had significantly
higher adjusted HRs for all-cause mortal-
ity than people with only depression (OR
2.08 [95% CI 1.68–2.59]) and people
with only diabetes (1.33 [1.02–1.74]).
This is consistent with the findings of
Black et al. (17) on the synergistic effects
of depression on health outcomes in el-
derly Mexican Americans with type 2
diabetes.

There is considerable evidence that
diabetes is a leading cause of CHD and
that it is associated with increased CHD
mortality (11). Similarly, there is accumu-
lating evidence that depression is associ-
ated with significantly increased CHD

mortality (8,41–43). Our results confirm
these earlier findings. Compared with in-
dividuals without diabetes or depressive
symptoms, those with depressive symp-
toms had 1.3- to 1.5-fold increased CHD
mortality and those with diabetes had
2.3- to 2.5-fold increased CHD mortality.
However, even though individuals with
both diabetes and depression had signifi-
cantly higher risk of CHD mortality com-
pared with the reference group and those
with only depression, their risk was not
significantly higher than people with dia-
betes alone. This finding suggests that di-
abetes is a stronger predictor of CHD
mortality than depression in this cohort.
Additionally, these findings suggest that
the presence of diabetes accounts for most
of the increased risk of CHD mortality
seen in people with diabetes and comor-
bid depression.

Although several studies have shown
an association between depression and
increased morbidity and mortality, the
underlying mechanisms are unclear. Sui-
cide is a known mechanism through
which depression increases the risk of
death (1). In addition, depression is hy-
pothesized to decrease physical health by

Figure 2—Estimated probability of survival (CHD mortality) according to diabetes and depression diagnosis in 1982.
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a combination of biological and psycho-
logical mechanisms. Psychological dis-
tress and subsequent neurohormonal and
immunological changes are thought to in-
crease susceptibility to disease, persistent
somatic symptoms of depression are
thought to worsen physical health over
time, and depressed mood is thought to
interfere with physical recovery by im-
peding treatment seeking, adherence to
treatment, and adoption of healthy life-
styles (44,45).

Our results suggest that the effect of
depression on all-cause mortality and
possibly CHD mortality in people with
and without diabetes is independent of
sociodemographic characteristics, major
cardiac risk factors, and comorbidity. Fu-
ture studies need to explore other plausi-
ble mechanisms that were not addressed
in this study, including the role of non-
adherence to medical treatments, inflam-
matory responses, potential cardiotoxic
effects of antidepressants, depression-
mediated immune suppression, and al-
tered cardiac autonomic tone (44,45).

The major implication of the results
of this study is the need for the health care
community, especially health profession-
als who treat people with diabetes, to pay
more attention to the recognition and
treatment of depression. A growing body
of literature suggests that coexisting de-
pression has a negative impact on health
in people with diabetes. Previous studies
have shown that depression is associated
with poor glycemic control, increased
risk of complications, decreased quality
of life, and increased health care utiliza-
tion and cost (14–16,19,22). Coexisting
depression has recently been shown to in-
crease the odds of functional disability,
days lost from work, and days spent in
bed among people with diabetes (20,21).
This study now shows that the combina-
tion of diabetes and depression is associ-
ated with increased risk of death beyond
that due to having either diabetes or de-
pression alone. Therefore, more aggressive
strategies need to be implemented to ini-
tiate and optimize treatment for depres-
sion among individuals with diabetes.

Strengths of this study include its
large sample size, the prospective design,
its nationally representative nature, its 8
years of follow-up, and the availability
of data on several key risk factors. None-
theless, the study has several potential
limitations. First, the data were based on
self-report, making them prone to mis-

classification. However, studies have
shown that self-reported data on diabetes,
chronic diseases, and several cardiovas-
cular risk factors are reliable (46–48).
Second, the diagnosis of depression was
not based on the “gold standard” of a clin-
ical interview. However, the CES-D is a
widely accepted, valid, and reliable tool
for identification of depression in com-
munity samples (27–30). Third, we were
unable to precisely differentiate type 1
from type 2 diabetes. However, as sug-
gested by Gu et al. (36), the older age of
the NHANES I cohort and the high pro-
portion of type 2 diabetic patients in the
U.S. indicate that our findings reflect
mortality in type 2 diabetic patients.
Fourth, participants without diabetes in
1982 may have developed diabetes dur-
ing follow-up and yet were counted as not
having diabetes. Similarly, it is possible
that participants without depression in
1982 developed depression during the
follow-up period. These individuals
would be expected to have higher mortal-
ity than individuals who never developed
diabetes or depression, which probably
lowered our hazard estimates of death for
the groups with diabetes. Finally, due to
the absence of data on both disease dura-
tion and disease severity for diabetes and
depression, their independent effects on
mortality could not be assessed. Future
studies will need to explore their inde-
pendent effects on mortality.

Despite these potential limitations,
the results of this study remain important.
The coexistence of diabetes and depres-
sion is associated with a significantly in-
creased risk of death from all causes,
beyond that due to having either diabetes
or depression alone. After adjusting for
clinically relevant confounders, people
with both diabetes and depression had a
1.3-fold increased risk of death from all
causes compared with people with only
diabetes, a 2-fold increased risk of death
from all causes compared with people
with only depression, and a 2.5-fold in-
creased risk of death compared with peo-
ple without either diabetes or depression.
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