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OBJECTIVEdDiabetes and depression are both linked to an increased mortality risk after
myocardial infarction (MI). Population-based studies suggest that having both diabetes and
depression results in an increased mortality risk, beyond that of having diabetes or depression
alone. The purpose of this study was to examine the joint association of diabetes and depression
with mortality in MI patients.

RESEARCH DESIGN AND METHODSdData were derived from two multicenter co-
hort studies in the Netherlands, comprising 2,704 patients who were hospitalized for MI. De-
pression, defined as a Beck Depression Inventory score$10, and diabetes were assessed during
hospitalization. Mortality data were retrieved for 2,525 patients (93%).

RESULTSdDuring an average follow-up of 6.2 years, 439 patients died. Themortality rate was
14% (226 of 1,673) in patients without diabetes and depression, 23% (49 of 210) in patients with
diabetes only, 22% (118 of 544) in patients with depression only, and 47% (46 of 98) in patients
with both diabetes and depression. After adjustment for age, sex, smoking, hypertension, left
ventricular ejection fraction, prior MI, and Killip class, hazard ratios for all-cause mortality were
1.38 (95% CI 1.00–1.90) for patients with diabetes only, 1.39 (1.10–1.76) for patients with
depression only, and asmuch as 2.90 (2.07–4.07) for patients with both diabetes and depression.

CONCLUSIONSdWe observed an increased mortality risk in post-MI patients with both
diabetes and depression, beyond the association with mortality of diabetes and depression alone.

Diabetes Care 35:503–509, 2012

Myocardial infarction (MI) is an im-
portant cause of morbidity and
mortality worldwide (1). Major

depression after MI is present in ;20%
of all MI patients (2). A meta-analysis
showed that depression is associated with
an almost 2.5-fold increased risk for mor-
tality in post-MI patients, independent
from other established risk factors for mor-
tality (3). Likewise, diabetes is common in
MI patients and is independently associ-
ated with increased risk for cardiovascular
morbidity (4) and mortality (5,6).

Depression and diabetes are known
to interact in the general population, and
their combination results in poor health
outcomes. The prevalence of depression

is high in patients with diabetes, affecting
;18% of type 2 diabetic patients (7). De-
pression can impair diabetes management
and diabetes outcomes through behavioral
or biological pathways (8). For example,
depression appeared to be associated with
less optimal diabetes self-care behaviors
and subsequent poor glycemic control
(9). In addition, depression was related
to hypothalamic-pituitary-adrenocortical
hyperactivity, which subsequently can af-
fect glucose metabolism (10). It has also
been proposed that diabetes and depres-
sion may share a common underlying
pathogenesis (8). Among diabetic patients,
several studies show that depression is an
independent risk factor for an increased

risk of mortality (11–14). Moreover, stud-
ies in the general population suggest a syn-
ergistic, additive interaction between
diabetes and depression on mortality
(8,15–17) (e.g., that having both diabetes
and depression results in an increased
mortality risk, beyond that of having di-
abetes or depression alone).

The association of the coexistence of
diabetes and depression with mortality
has not been investigated in patients who
had a recent MI, which are patients with a
high mortality risk. Hence, the aim of
this study is to investigate whether the
coexistence of diabetes and depression is
associated with increased risk of all-cause
and cardiac mortality in patients who had
an MI, beyond the risks associated with
diabetes and depression alone.

RESEARCH DESIGN AND
METHODSdData were derived from
the Depression and Myocardial Infarction
Study (DepreMI) (18) and the Myocardial
Infarction and Depression-Intervention
Trial (MIND-IT) (19). In these multicen-
ter studies, 528 and 2,176 MI patients,
respectively, were screened for depres-
sion. Patients were recruited from 14 hos-
pitals (including 4 university hospitals)
located in different parts of theNetherlands.
Patients were included from September
1997 through September 2000 in Dep-
reMI and from October 1999 through
November 2002 in MIND-IT if they met
established criteria for MI (20). Exclusion
criteria were cognitive dysfunction, not
being able to speak or read Dutch, hospi-
talization for other reasons than MI
(except angina pectoris), and a life expec-
tancy of,1 year as a result of noncardio-
vascular disease. In MIND-IT, patients
were also excluded if they were already
receiving psychiatric treatment for a cur-
rent depressive episode (n = 104). Because
the two studies were highly comparable
in patient recruitment, inclusion and ex-
clusion criteria, and depression assessment,
data of both studies were combined for the
present analyses. Both studies were ap-
proved by the local ethical committee of
the participating hospitals, and all patients
gave informed consent.
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Measurements
Depression and diabetes. In patients
who were hospitalized for index-MI, we
assessed depression with the 21-item Beck
Depression Inventory (BDI), using BDI
scores $10 to indicate depression. The
BDI is a validated instrument for depres-
sion, and BDI scores$10 are considered
to signify at least mild depression (21).
The presence of diabetes was based on
either self-reported diagnosis at admis-
sion, which was verified by the medical
chart, or a new diagnosis at discharge for
which medication was necessary. This in-
formation was collected during hospital-
ization for index-MI.
Mortality. The primary outcome was all-
cause mortality. Mortality records up un-
til 31 December 2007 were provided by
Statistics Netherlands through linkage to
theMunicipal Personal Records Database.
We calculated time to mortality from the
index-MI to date of death. Survivors were
censored at 31 December 2007. Second-
ary outcome was death from cardiac dis-
ease as primary cause of death (cardiac
mortality), based on ICD-10 (codes I11,
I20–I25, I42–I50, and R57.0) in the mor-
tality records. For this outcome, survivors
were censored at 31 December 2007. Pa-
tients who died for noncardiac reasons
were censored at the date of death.
Covariates. Demographic, lifestyle, and
cardiovascular data were collected during
hospitalization for index-MI and included
age, sex, smoking status, hypertension,
left ventricular ejection fraction (LVEF),
prior MI, and Killip class. Smoking was
defined as current smoking or cessation of
smoking ,3 months ago. Information
about hypertension was derived from
the medical chart. LVEF was assessed by
either echocardiography or radionuclide
ventriculography. Killip class was deter-
mined at hospital admission, with a stan-
dardized 4-point clinical assessment of
the degree of heart failure, based on pul-
monary rales and X-ray. Killip class was
divided in two categories (class 1 and
class 2, 3, or 4).

Statistical analysis
We classified the patients according to
their diabetes and depression status into
the following four categories: 1) no diabe-
tes, no depression; 2) diabetes, no depres-
sion; 3) no diabetes, depression; and
4) diabetes, depression. First, we evalu-
ated withmultinomial regressionwhether
baseline characteristics for groups 2 to 4
differed significantly from group 1 (no di-
abetes, no depression). Next, we assessed

time to all-cause and cardiac mortality us-
ing Cox regression models, in a crude
model, and after adjusting for a priori de-
fined covariates, in a stepwise approach:
1) age and sex; 2) age, sex, hypertension,
and smoking; and 3) age, sex, hyperten-
sion, smoking, LVEF, prior MI, and Killip
class. The group without diabetes and
depression served as reference group. To
illustrate the relationships between de-
pression and diabetes with mortality, we
plotted Kaplan-Meier curves for each di-
abetes and depression category. Further-
more, we tested whether biological
interaction had occurred. Biological inter-
action refers to a deviation from additivity
of two or more causes of disease that to-
gether influence the disease outcome (22).
In Cox regression analysis, biological in-
teraction differs from statistical interaction
because in Cox regression models, statis-
tical interaction is implicitly exponential
and therefore multiplicative. We tested
whether biological interaction had oc-
curred using the Relative Excess Risk due
to Interaction (RERI) (22) by using the
method outlined by Andersson et al. (23).
RERI represents the risk that is in excess of
what would be expected if the combina-
tion of two risk factors would be purely
additive (e.g., no synergism). An RERI.0
indicates a synergistic, additive inter-
action. We adjusted for the same sets of
covariates as described for the Cox regres-
sion models.

Missing values for the variables used
in the statistical analyses were assumed to
be missing at random and were multiply
imputed using imputation by chained
equations. Ten imputed datasets were
created. Variables used to impute datasets
were diabetes, log-transformed BDI score
at baseline, log-transformed BDI score at 3
months, factor scores for somatic/affective
depressive symptoms and cognitive/affec-
tive depressive symptoms, mortality, log-
transformed time to mortality, age, sex,
hypertension, smoking, LVEF, prior MI,
Killip class, BMI, study, location of MI,
hypercholesterolemia, family history of
coronary artery disease, rehospitalization,
and log-transformed time to rehospitali-
zation. The numbers and hazard ratios
(HRs) reported in this studywere based on
the multiply imputed datasets. HRs from
the imputed datasets were combined us-
ing Rubin’s rules (24). The numbers were
averaged over the 10 imputed datasets.
Although mortality data were used to cre-
ate the imputed datasets, cases with im-
puted mortality data were excluded from
theCox regression analysis as recommended

byvonHippel (25).We alsodid an available-
case analysis in which we repeated the Cox
regression analysis with the existing data.
We tested statistical interaction between
depression and diabetes for mortality by
testing the significance of the interaction
term depression-diabetes as a supplemen-
tary analysis. Analyses were performed in
STATA 10.1 (StataCorp., College Station,
TX). A two-sided a of 0.05 was used to
indicate statistical significance.

RESULTSdFrom the 2,704 patients in
the dataset, 2,111 (78%) were men. The
mean age at baseline was 61 years (SD 12).
Missing data of depression and diabetes
were multiply imputed for 236 patients
(9%) and 15 patients (,1%), respec-
tively. At baseline, 1,789 patients (66%)
had no diabetes and no depression, 224
patients (8%) had diabetes but no depres-
sion, 585 patients (22%) had depression
but no diabetes, and 106 patients (4%)
had both diabetes and depression. Table 1
presents the baseline characteristics across
these four categories. Those with both di-
abetes and depressionwere on average less
healthy and had a worse cardiovascular
risk profile but were less often current
smokers than patients without diabetes
and depression. Table 1 also shows the
percentage of missing values that were im-
puted per baseline variable, which varied
between 0 and 9%.

For 179 patients (7%), data on mor-
tality could not be retrieved. These pa-
tients were therefore excluded from the
Cox regression analyses. Additional anal-
yses showed that these patients did not
differ from those with mortality data re-
garding presence of depression, diabetes,
and the other covariates, except for prior
MI. There was a higher prevalence of prior
MI in patients whose mortality data could
not be retrieved (21 vs. 14%, P = 0.005).
Of the remaining 2,525 patients with data
on mortality, a total of 439 participants
(17%) died during follow-up, of which
175 (7%) were classified as cardiac death.
The all-cause mortality rate was 14% (226
of 1,673) for patients without depression
and without diabetes, 23% (49 of 210) for
patients with diabetes only, 22% (118 of
544) for patients with depression only,
and 47% (46 of 98) for patients with
both depression and diabetes. The mean
follow-up time for the participants was
6.2 years (SD 2.0).

Figures 1 and 2 show the Kaplan-
Meier curves for all-cause and cardiac
mortality for each strata of diabetes and
depression. Table 2 shows the number
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of deaths and the HRs for all-cause and
cardiac mortality across the four catego-
ries of diabetes and depression. Patients
who had both diabetes and depression
had a considerably higher HR for mortal-
ity. For all-cause mortality, the HR was
4.58 (95% CI 3.29–6.37) for the patients
with both diabetes and depression in the
unadjusted analyses compared with the
reference group (patients without dia-
betes and without depression). The
strength of the relationship with mortal-
ity decreased to some extent after adjust-
ment for the potential confounders (age,
sex, smoking, hypertension, LVEF, pre-
vious MI, and Killip class) but remained
significant. Furthermore, post hoc com-
parisons showed that the HR in those
with both diabetes and depression was

higher compared with patients with di-
abetes only (full model: 2.10 [1.38–
3.21]) and depression only (full model:
2.08 [1.46–2.98]). The association be-
tween diabetes, depression, and mortal-
ity did not differ by sex; the interaction
terms of the diabetes depression catego-
ries with sex were not statistically signif-
icant. The HR for cardiac mortality in the
diabetes and depression group was 5.77
(3.53–9.43) in the unadjusted model
and 3.27 (1.97–5.41) in the fully ad-
justed model. Post hoc comparisons
showed that the HR in patients with
both diabetes and depression was higher
compared with patients with diabetes
only (full model: 2.54 [1.32–4.89]) and
depression only (full model: 2.10 [1.25–
3.54]).

Whenwe repeated the Cox regression
analysis as an available-case analysis in the
nonimputed dataset, approximately sim-
ilar results were found (data not shown).
For example, the HR for all-cause mor-
tality in the fully adjusted model was 1.37
(95% CI 0.95–1.98) for those with diabe-
tes only, 1.32 (1.02–1.71) for those with
depression only, and 3.23 (2.25–4.64) for
those with both diabetes and depression
compared with those without diabetes and
depression in the available-case analysis.

Biological interaction
For all-cause mortality, the RERI was 1.94
(95% CI 0.37–3.51) in the unadjusted
analyses and 1.13 (0.12–2.14) in the fully
adjusted analyses. This exceeds the value
0 and, thus, suggests a positive interaction

Table 1dBaseline characteristics for the four diabetes and depression categories using the multiple imputed datasets (N = 2,704)

No depression,
no diabetes

Diabetes, no
depression

Depression,
no diabetes

Diabetes,
depression

Missing
values

P values 1 vs. 2;
1 vs. 3; 1 vs. 4*

n 1,789 224 585 106 250 (9.2)†
Age, years (mean 6 SD) 60.4 6 11.7 64.7 6 10.6 61.3 6 12.8 65.5 6 11.0 2 (,0.1)† ,0.001; 0.143; ,0.001
BMI, kg/m2 (mean 6 SD) 26.5 6 3.8 27.8 6 4.3 26.1 6 4.0 27.5 6 4.4 162 (6.0)† ,0.001; 0.064; 0.012
Male 1,447 (80.9) 161 (71.9) 432 (73.8) 71 (67.0) 0 (0)† 0.003; ,0.001; 0.001
Study 0.218; 0.419; 0.138
MIND-IT 1,424 (79.6) 186 (83.0) 475 (81.2) 91 (85.8) 0 (0)†
DepreMI 365 (20.4) 38 (17.0) 110 (18.8) 15 (14.2) 0 (0)†

Current smoker 899 (50.3) 77 (34.4) 301 (51.5) 32 (30.2) 107 (4.0)† ,0.001; 0.658; ,0.001
Hypertension 533 (29.8) 105 (46.9) 192 (32.8) 50 (47.2) 18 (0.7)† ,0.001; 0.189; ,0.001
Hypercholesterolemia 1,205 (67.4) 150 (67.0) 400 (68.4) 80 (75.5) 20 (0.7)† 0.866; 0.678; 0.087
Family history of
coronary artery disease 801 (44.8) 81 (36.2) 256 (43.8) 36 (34.0) 51 (1.9)† 0.018; 0.709; 0.042

Peripheral vascular disease 111 (6.2) 24 (10.9) 60 (10.4) 23 (22.1) 23 (0.9) 0.013; 0.001; ,0.001
Cerebrovascular disease 83 (4.7) 16 (7.3) 43 (7.5) 15 (14.4) 26 (1.0) 0.085; 0.012; ,0.001
Thrombolysis 691 (39.0) 75 (33.9) 221 (38.3) 28 (27.2) 30 (1.1) 0.155; 0.771; 0.019
Percutaneous intervention during

hospitalization for index-MI 643 (37.6) 49 (23.3) 203 (36.7) 40 (38.5) 126 (4.7) ,0.001; 0.725; 0.883
Coronary artery bypass graft during

hospitalization for index-MI 81 (4.7) 17 (8.1) 21 (3.8) 6 (5.8) 130 (4.8) 0.056; 0.375; 0.803
Localization MI anterior 572 (32.0) 81 (36.2) 208 (35.6) 40 (37.7) 0 (0)† 0.210; 0.124; 0.195
Killip class 65 (2.4)† ,0.001; 0.009; ,0.001
1 1,618 (90.4) 182 (81.2) 505 (86.3) 81 (76.4)
2, 3, or 4 171 (9.6) 42 (18.8) 80 (13.7) 25 (23.6)

LVEF (%)‡ 189 (7.0)† ,0.001; ,0.001; ,0.001
$45 1,400 (78.3) 145 (64.7) 414 (70.8) 59 (55.7)
,45 389 (21.7) 79 (35.3) 171 (29.2) 47 (44.3)

Previous MI before study 218 (12.2) 45 (20.1) 93 (15.9) 26 (24.5) 21 (0.8)† 0.002; 0.034; 0.001
Acetylsalicylic acid 1,513 (86.4) 178 (82.8) 475 (82.9) 77 (74.8) 61 (2.3) 0.148; 0.047; 0.004
b-Blockers 1,511 (84.9) 183 (83.2) 471 (80.9) 73 (70.9) 19 (0.7) 0.511; 0.028; 0.001
Calcium antagonist 297 (17.0) 48 (22.3) 114 (19.9) 30 (29.1) 61 (2.3) 0.064; 0.123; 0.004
Diuretics 222 (12.5) 45 (20.5) 106 (18.2) 39 (37.9) 19 (0.7) 0.001; 0.001; ,0.001
ACE inhibitor 704 (39.6) 109 (49.5) 239 (41.1) 42 (40.8) 19 (0.7) 0.005; 0.541; 0.801
Statin/lipid-lowering drug 1,272 (71.5) 145 (65.9) 392 (67.4) 67 (65.0) 19 (0.7) 0.079; 0.065; 0.158

Data are n (%) unless noted otherwise. *1 vs. 2: no diabetes, no depression vs. diabetes, no depression. 1 vs. 3: no diabetes, no depression vs. depression, no diabetes.
1 vs. 4: no diabetes, no depression vs. diabetes, depression. †These variables were part of the imputation model and missing values are therefore multiply imputed;
multiply imputed data for these variables are shown. ‡LVEF in the DepreMI: cutoff on 40% (n = 528).
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between diabetes and depression as de-
parture from additivity. This means that
the joint effect of diabetes and depression
is significantly larger than the sum of the
individual effects of diabetes and depres-
sion, even after controlling for confound-
ers. For cardiacmortality, there was a trend
for a positive additive interaction between
diabetes and depression, but this was not

statistically significant (unadjusted analy-
sis: 2.90 [20.02 to 5.82]; fully adjusted
analysis: 1.42 [20.21 to 3.06]).

Supplemental analyses
We tested formal statistical (multiplica-
tive) interaction between depression and
diabetes for mortality. Although the di-
rection of the multiplicative interaction

was positive, this interaction was not sig-
nificant for all-cause mortality (range P =
0.10–0.20 across the models) and cardiac
mortality (range P = 0.21–0.30 across the
models).

CONCLUSIONSdThis is the first
study that aimed to investigate the asso-
ciation of coexisting diabetes and depres-
sion with mortality after MI. We observed
an increased mortality risk in patients
with both diabetes and depression who
were hospitalized for MI, beyond the
association with mortality for diabetes
and depression alone. This association
weakened somewhat but remained statis-
tically significant after adjustment for de-
mographic and established prognostic
cardiac factors. Most striking, there was
a synergistic additive interaction between
diabetes and depression for mortality,
which weakened but remained statisti-
cally significant after adjusting for car-
diac disease severity. Our results are
similar to population-based, epidemio-
logical studies that suggest a possible
synergistic interaction between diabetes
and depression or psychological distress
for mortality (8,15–17,26). Although
the absolute mortality rate in this high-
risk group for mortality was considerably
higher, the strength of the association
of diabetes and depression with mor-
tality is within the range of associations
observed in the population-based
studies.

Several explanations might be sug-
gested for our results. First, depression
might aggravate the course of diabetes in
MI patients. It is known that diabetic
patients with depression have more di-
abetes-related complications (such as di-
abetic retinopathy, nephropathy, and
neuropathy) (27) and are more often in
poor glycemic control, as denoted by ele-
vated levels of glycated hemoglobin
(HbA1c) (28), than diabetic patients with-
out depression. In a population study of
people with psychological distress and di-
abetes, elevated HbA1c levels did not ex-
plain the increased mortality risk (26). On
the other hand, HbA1c levels appeared to
be related to mortality in a study with MI
patients, both in nondiabetic patients and
in diabetic patients (29). Depression is
known to be related to a reduced adher-
ence to self-care behaviors (i.e., diet, exer-
cise, and smoking cessation) and to
reduced medication adherence in dia-
betic as well as MI patients (30,31). Not
only major depression but also sub-
threshold depression is associated with

Figure 1dKaplan-Meier curves for all-cause mortality for each diabetes and depression cate-
gory (unadjusted analysis).

Figure 2dKaplan-Meier curves for cardiac mortality for each diabetes and depression category
(unadjusted analysis).
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nonadherence to different aspects of dia-
betes self-care (32). For MI patients with
diabetes, poorer self-care might be more
deleterious compared with MI patients
without diabetes because of the many
and often complex self-care activities in-
volved in diabetes management. Further-
more, depression is related to several
biological changes, such as increased in-
flammation and dysfunction of the auto-
nomic nervous system, which in turn
are related to increased cardiovascular
mortality (33).

Second, we found that part of the
excess risk associated with the coexistence
of diabetes and depression was explained
by the baseline cardiac disease severity
parameters. Specifically, patients with
both diabetes and depression had worse
physical health to start with, such as more
peripheral vascular disease and cerebro-
vascular disease. It is unclear whether this
represents confounding (i.e., that depres-
sion and diabetes may serve as a risk
indicator for MI patients with a poor
clinical profile) or whether this is already a
consequence of the diabetes-depression
interaction. A possible explanation for
these findings rests on the premise that
depressionmay have a different etiology in
diabetic patients compared with patients
without diabetes. Diabetes and depres-
sion share several metabolic alterations in
proinflammatory cytokines, glucocorti-
coid signaling, and cellular respiration
(34). The combination of diabetes and de-
pression in MI patients might be an ex-
pression of such metabolic alterations
and may therefore be associated with a

poorer cardiac prognosis. This is in line
with the many reports on the association
of proinflammatory cytokines with the de-
velopment and progression of a cardiac
disease, including increased mortality
risk (35,36).

What are the clinical implications of
our findings? In the next decades, an
immense increase in the prevalence of
type 2 diabetes is expected to occur.
Because the prevalence of depression in
patients with type 2 diabetes is almost
twice that of nondiabetic people (7), both
diabetes and depression will become
highly prevalent health problems in MI
patients. Physicians should be aware
that MI patients with diabetes and depres-
sion have an increased mortality risk.
Therefore, it may be relevant to identify
patients at risk with screening. However,
there is an ongoing debate whether
screening for depression will benefit the
patients’ prognosis. Although identifica-
tion can be useful, there are no studies
showing that screening alone improves
depressive symptoms and cardiac out-
comes (37) or diabetes outcomes (38) in
patients with cardiovascular disease or di-
abetes, respectively. Recently, a nurse-led
collaborative care management for pri-
mary care patients with poorly controlled
diabetes and/or coronary artery disease
and depression was evaluated (39). The
intervention group had improved with re-
spect to blood pressure, HbA1c, and de-
pression after 12 months, which are
factors that are known to be related to in-
creased mortality (39). It may be worth-
while to monitor MI patients with both

diabetes and depression closely to evalu-
ate their mood, adherence to treatment
regimens, and compliance with lifestyle
recommendations, such as enhancing
physical activity. Likewise, prevention of
the onset of diabetes and depressionmight
be important. Furthermore, in our study,
we had a relatively low prevalence of di-
abetes. It might be relevant to investigate
whether our results can be replicated in
countries with a higher prevalence of di-
abetes in MI patients.

Strengths and limitations
Several strengths and weaknesses of this
study should be acknowledged in inter-
preting our findings. First, our large co-
hort of MI patients and long follow-up
period made it possible to study the effect
of the coexistence of diabetes and de-
pression on mortality. Second, both de-
mographic and cardiac risk factors were
included as confounders. Finally, by
merging our data with the national mor-
tality records, reliable and high-quality
data of the primary cause of death could be
retrieved. A limitation of our study was the
use of depression questionnaires instead
of diagnostic interviews. However, the
BDI has been validated in MI patients
against a structural clinical interview for
depression (40). In MIND-IT, patients
with psychiatric treatment for depression
during screening were excluded. This re-
duced the number of depressed patients in
our study. Furthermore, depression was
measured during hospitalization, and we
did not have data on lifetime depression
for the majority of our patients. The pres-
ence of diabetes was not systematically
tested according to a prespecified labora-
tory protocol. Therefore, some patients
with MI might have had undetected dia-
betes. Others might have been incorrectly
designated as a diabetic patient. This
might have influenced our associations
with mortality. Furthermore, for 7% of
the sample, data on mortality were not
available. In addition, the ratio of cardiac
deaths per covariate is small. This in-
creases the risk of overfitting. We there-
fore showed several models where we
adjusted for covariates in a stepwise ap-
proach. Finally, we did not assess other
relevant diabetes-related aspects (HbA1c

and diabetes complications) or self-care
behaviors (physical activity and medica-
tion adherence) that might help to explain
our findings.

To conclude, we found that the co-
existence of diabetes and depression after
MI is related to increased mortality, be-

Table 2dNumber of deaths and HRs for all-cause and cardiac mortality for the four
diabetes and depression categories

No depression,
no diabetes

Diabetes, no
depression

Depression,
no diabetes

Diabetes,
depression

All-cause mortality
Number of deaths* 226 of 1,673 49 of 210 118 of 544 46 of 98
Unadjusted 1.00 1.89 (1.38–2.60) 1.75 (1.39–2.20) 4.58 (3.29–6.37)
Model 1 1.00 1.56 (1.13–2.15) 1.63 (1.29–2.06) 3.78 (2.71–5.28)
Model 2 1.00 1.58 (1.15–2.17) 1.61 (1.27–2.03) 3.79 (2.71–5.29)
Model 3 1.00 1.38 (1.00–1.90) 1.39 (1.10–1.76) 2.90 (2.07–4.07)

Cardiac mortality
Number of deaths* 84 of 1,673 18 of 210 51 of 544 22 of 98
Unadjusted 1.00 1.86 (1.07–3.24) 2.01 (1.39–2.92) 5.77 (3.53–9.43)
Model 1 1.00 1.58 (0.91–2.76) 1.92 (1.32–2.80) 4.97 (3.02–8.18)
Model 2 1.00 1.58 (0.91–2.76) 1.90 (1.30–2.76) 4.91 (2.98–8.09)
Model 3 1.00 1.29 (0.75–2.22) 1.56 (1.07–2.26) 3.27 (1.97–5.41)

Data are HR (95% CI) unless noted otherwise. Model 1: adjusted for age and sex. Model 2: adjusted for age,
sex, smoking, and hypertension. Model 3: adjusted for age, sex, smoking, hypertension, previous MI, Killip
class, and LVEF. *Using multiple imputation for missing values. Missing data for mortality are not multiply
imputed.
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yond the effect on mortality of diabetes
and depression alone in MI patients.

AcknowledgmentsdDepreMI was funded
by a grant from the Netherlands Organiza-
tion of Scientific Research (Zon MW, 904-
57-100). MIND-IT was supported by a grant
from theNetherlandsHeart Foundation (97.016).
MIND-IT received educational grants from
Organon (Oss, the Netherlands) and Lundbeck
(Amsterdam, the Netherlands).
The funding organizations had no role in

the design and conduct of the study; collec-
tion, management, analysis, and interpretation
of the data; or preparation, review, and ap-
proval of the manuscript.
No potential conflicts of interest relevant to

this article were reported.
M.B. researched data and wrote the manu-

script. F.P. contributed to discussion and
reviewed and edited the manuscript. M.Z.
researched data, contributed to discussion,
and reviewed and edited the manuscript.
J.P.v.M. and P.d.J. acquired data, contributed
to discussion, and reviewed and edited the
manuscript. M.B. is the guarantor of this work
and, as such, had full access to all the data
in the study and takes responsibility for the
integrity of the data and the accuracy of the
data analysis.
Parts of this studywere presented in abstract

form at the 71st Scientific Sessions of the
American Diabetes Association, San Diego,
California, 24–28 June 2011.
The authors would like to thank the par-

ticipants of DepreMI and MIND-IT.

References
1. White HD, Chew DP. Acute myocardial

infarction. Lancet 2008;372:570–584
2. Thombs BD, Bass EB, Ford DE, et al.

Prevalence of depression in survivors of
acute myocardial infarction. J Gen Intern
Med 2006;21:30–38

3. van Melle JP, de Jonge P, Spijkerman TA,
et al. Prognostic association of depres-
sion following myocardial infarction
with mortality and cardiovascular events:
a meta-analysis. PsychosomMed 2004;66:
814–822

4. van Melle JP, Bot M, de Jonge P, de Boer
RA, van Veldhuisen DJ, Whooley MA.
Diabetes, glycemic control, and new-
onset heart failure in patients with stable
coronary artery disease: data from the
Heart and Soul Study. Diabetes Care 2010;
33:2084–2089

5. Koek HL, Soedamah-Muthu SS, Kardaun
JW, et al. Short- and long-term mortality
after acute myocardial infarction: com-
parison of patients with and without di-
abetes mellitus. Eur J Epidemiol 2007;22:
883–888

6. Donahoe SM, Stewart GC, McCabe CH,
et al. Diabetes and mortality following

acute coronary syndromes. JAMA 2007;
298:765–775

7. Ali S, Stone MA, Peters JL, Davies MJ,
Khunti K. The prevalence of co-morbid
depression in adults with type 2 diabetes:
a systematic review and meta-analysis.
Diabet Med 2006;23:1165–1173

8. Black SA, Markides KS, Ray LA. De-
pression predicts increased incidence of
adverse health outcomes in older Mexican
Americans with type 2 diabetes. Diabetes
Care 2003;26:2822–2828

9. Lustman PJ, Clouse RE. Depression in
diabetic patients: the relationship between
mood and glycemic control. J Diabetes
Complications 2005;19:113–122

10. Musselman DL, Betan E, Larsen H,
Phillips LS. Relationship of depression to
diabetes types 1 and 2: epidemiology, bi-
ology, and treatment. Biol Psychiatry 2003;
54:317–329

11. Katon W, Fan MY, Unützer J, Taylor J,
Pincus H, Schoenbaum M. Depression
and diabetes: a potentially lethal combi-
nation. J Gen Intern Med 2008;23:1571–
1575

12. Bruce DG, DavisWA, Starkstein SE, Davis
TM. A prospective study of depression
and mortality in patients with type 2 di-
abetes: the Fremantle Diabetes Study.
Diabetologia 2005;48:2532–2539

13. Lin EH, Heckbert SR, Rutter CM, et al.
Depression and increased mortality in
diabetes: unexpected causes of death. Ann
Fam Med 2009;7:414–421

14. Ismail K, Winkley K, Stahl D, Chalder T,
Edmonds M. A cohort study of people
with diabetes and their first foot ulcer: the
role of depression on mortality. Diabetes
Care 2007;30:1473–1479

15. Egede LE, Nietert PJ, Zheng D. Depression
and all-cause and coronary heart disease
mortality among adults with and without
diabetes. Diabetes Care 2005;28:1339–
1345

16. Zhang X, Norris SL, Gregg EW, Cheng YJ,
Beckles G, Kahn HS. Depressive symp-
toms and mortality among persons with
and without diabetes. Am J Epidemiol
2005;161:652–660

17. Pan A, Lucas M, Sun Q, et al. Increased
mortality risk in women with depression
and diabetes mellitus. Arch Gen Psychia-
try 2011;68:42–50

18. Spijkerman TA, van den Brink RH, Jansen
JH, Crijns HJ, Ormel J. Who is at risk of
post-MI depressive symptoms? J Psycho-
som Res 2005;58:425–432; discussion
433–434

19. van den Brink RH, van Melle JP, Honig A,
et al. Treatment of depression after myo-
cardial infarction and the effects on car-
diac prognosis and quality of life: rationale
and outline of the Myocardial INfarction
and Depression-Intervention Trial (MIND-
IT). Am Heart J 2002;144:219–225

20. Gillum RF, Fortmann SP, Prineas RJ,
Kottke TE. International diagnostic criteria

for acute myocardial infarction and acute
stroke. Am Heart J 1984;108:150–158

21. Beck AT, Steer RA. Beck Depression In-
ventory Manual. San Antonio, Psycholog-
ical Corporation, 1993

22. Rothman KJ. Epidemiology: An Introduc-
tion. New York, Oxford University Press,
2002

23. Andersson T, Alfredsson L, Källberg H,
Zdravkovic S, Ahlbom A. Calculating
measures of biological interaction. Eur
J Epidemiol 2005;20:575–579

24. Rubin DB. Multiple Imputation for Non-
response in Surveys. New York, JohnWiley
& Sons, 1987

25. von Hippel PT. Regression with missing
Ys: an improved strategy for analyzing
multiply imputed data. Sociol Methodol
2007;37:83–117

26. Hamer M, Stamatakis E, Kivimäki M,
Pascal Kengne A, Batty GD. Psychological
distress, glycated hemoglobin, and mor-
tality in adults with and without diabetes.
Psychosom Med 2010;72:882–886

27. de Groot M, Anderson R, Freedland KE,
Clouse RE, Lustman PJ. Association of
depression and diabetes complications:
a meta-analysis. Psychosom Med 2001;
63:619–630

28. Lustman PJ, Anderson RJ, Freedland KE,
de Groot M, Carney RM, Clouse RE. De-
pression and poor glycemic control:
a meta-analytic review of the literature.
Diabetes Care 2000;23:934–942

29. Kosiborod M, Inzucchi SE, Krumholz
HM, et al. Glucose normalization and
outcomes in patients with acute myocar-
dial infarction. Arch Intern Med 2009;
169:438–446

30. Gonzalez JS, Peyrot M, McCarl LA, et al.
Depression and diabetes treatment non-
adherence: a meta-analysis. Diabetes Care
2008;31:2398–2403

31. Ziegelstein RC, Fauerbach JA, Stevens SS,
Romanelli J, Richter DP, BushDE. Patients
with depression are less likely to follow
recommendations to reduce cardiac risk
during recovery from a myocardial infarc-
tion. Arch Intern Med 2000;160:1818–
1823

32. Gonzalez JS, Safren SA, Cagliero E, et al.
Depression, self-care, and medication
adherence in type 2 diabetes: relation-
ships across the full range of symptom
severity. Diabetes Care 2007;30:2222–
2227

33. Kop WJ, Stein PK, Tracy RP, Barzilay JI,
Schulz R, Gottdiener JS. Autonomic ner-
vous system dysfunction and inflammation
contribute to the increased cardiovascular
mortality risk associated with depression.
Psychosom Med 2010;72:626–635

34. McIntyre RS, Soczynska JK, Konarski JZ,
et al. Should depressive syndromes be
reclassified as “metabolic syndrome
type II”? Ann Clin Psychiatry 2007;19:
257–264

508 DIABETES CARE, VOLUME 35, MARCH 2012 care.diabetesjournals.org

Depression, diabetes, and mortality after MI



35. Lindahl B, Toss H, Siegbahn A, Venge P,
Wallentin L.Markers ofmyocardial damage
and inflammation in relation to long-term
mortality in unstable coronary artery dis-
ease. FRISC Study Group. Fragmin during
Instability in Coronary Artery Disease.
N Engl J Med 2000;343:1139–1147

36. He LP, Tang XY, Ling WH, Chen WQ,
Chen YM. Early C-reactive protein in the
prediction of long-term outcomes after

acute coronary syndromes: a meta-analysis
of longitudinal studies. Heart 2010;96:
339–346

37. Thombs BD, de Jonge P, Coyne JC, et al.
Depression screening and patient out-
comes in cardiovascular care: a systematic
review. JAMA 2008;300:2161–2171

38. Pouwer F. Should we screen for emotional
distress in type 2 diabetes mellitus? Nat
Rev Endocrinol 2009;5:665–671

39. Katon WJ, Lin EH, Von Korff M, et al.
Collaborative care for patients with de-
pression and chronic illnesses. N Engl J
Med 2010;363:2611–2620

40. Strik JJ, Honig A, Lousberg R, Denollet J.
Sensitivity and specificity of observer and
self-report questionnaires in major and
minor depression following myocardial
infarction. Psychosomatics 2001;42:423–
428

care.diabetesjournals.org DIABETES CARE, VOLUME 35, MARCH 2012 509

Bot and Associates


