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Objective: Depressive symptoms seem to pose a risk factor for mortality among patients on dialysis. It is currently unknown whether
the association is only short-lived and whether associations over time depend on specific causes of mortality. Methods: In a
prospective nationwide cohort study, 1528 patients with end-stage renal disease starting on dialysis completed the Mental Health
Inventory. Patients were observed up to 5 years or until the end of follow-up in April 2011. Cox regression analyses were used
to calculate associations between depressive symptoms and short-term (0Y6 months), medium-term (6Y24 months), or long-term
(24Y60 months) cardiovascular and noncardiovascular mortality. Results: The adjusted hazard ratio (HR) was 1.43 (95% confidence
interval [CI] = 1.08Y1.88) for cardiovascular mortality and 2.07 (95% CI = 1.62Y2.64) for noncardiovascular mortality. Depressive
symptoms posed a strong risk factor for noncardiovascular mortality at the short term (HR = 2.82, 95% CI = 1.58Y5.05), medium term
(HR = 2.08, 95% CI = 1.40Y3.09), and long term (HR = 1.84, 95% CI = 1.26Y2.69), whereas the association between depressive
symptoms and cardiovascular mortality was not observed during the first 6 months of follow-up (HR = 1.03, 95% CI = 0.49Y2.15).
Conclusions: Depressive symptoms at the start of dialysis therapy are associated with short-, medium-, and long-term mortality. The
cause-specific mortality risk over time may help clinicians to understand multifactorial causes of the association between depressive
symptoms and survival. Key words: depressive symptoms, end-stage renal disease.

ESRD = end-stage renal disease; HD = hemodialysis; PD =
peritoneal dialysis; HR = hazard ratio; CI = confidence interval;
NECOSAD = The Netherlands Co-operative Study on the Adequacy
of Dialysis; rGFR = residual glomerular filtration rate; iPTH = intact
parathyroid hormone; CRP = C-reactive protein.

INTRODUCTION

Depressive symptoms are highly prevalent in patients with
end-stage renal disease (ESRD), and there is growing

evidence that the presence of depressive symptoms poses a risk
factor for mortality in these patients (1Y3). To understand the
underlying mechanisms of depressive symptoms as a risk fac-
tor, more in-depth data about how depressive symptoms relate
to mortality are needed. We currently do not know whether the
effect of depressive symptoms on mortality is only short-lived
or whether depressive symptoms at baseline also remain a
predictor of poor survival at the long term. There is a lack of

knowledge about whether the effect of depressive symptoms on
short-term mortality differs from its effect on long-term mor-
tality because the time of follow-up in most studies was limited
to 2 years. The few studies using time-varying methods, how-
ever, suggest that variations in the length of follow-up do in-
fluence the observed results (4,5). Stronger effects of depressive
symptoms on mortality were observed when the assessment of
depressive symptoms was closer to the evaluation of medical
outcomes, which may indicate that the effect of depression on
mortality is only short-lived.

These findings regarding time-specific associations are im-
portant and need further clarification to understand the un-
derlying mechanisms between depression and survival. It may
provide information about the extent to whether the association
can be explained by a poor somatic health that is accompanied
by depressive symptoms or whether depressive symptoms re-
sult in a poor illness trajectory. If the effect of depressive symp-
toms on mortality is only short-lived indeed, this may suggest
that the association between depressive symptoms and mor-
tality is mainly caused by a poor somatic health. On the other
hand, if depressive symptoms are especially associated with
increased risk of mortality in the long term, this may suggest
that possible underlying processes unfold over time (e.g., by
depressive symptoms influencing health behavior or via inter-
active effects on the immune system).

Besides comparing short- and long-term follow-up, it is
important to distinguish between causes of mortality to explain
the association between depressive symptoms and mortality.
Traditionally, there has been considerable attention for de-
pressive symptoms as a risk factor for cardiovascular mortality
(6Y8), whereas in patients with ESRD, noncardiovascular
mortality may be affected by depression as well (1,3,9).

In the current study, we measured depressive symptoms in a
large cohort of incident patients on hemodialysis (HD) and
peritoneal dialysis (PD) participating in a Dutch nationwide
study, The Netherlands Co-operative Study on the Adequacy of
Dialysis (NECOSAD). Investigating the effects of depressive
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symptoms in a sample of patients on dialysis is important be-
cause the potential detrimental effects of depressive symptoms
at the start of dialysis on mortality are not well known. To the
best of our knowledge, only two studies investigated whether
depressive symptoms at the start of dialysis are associated with
poor survival in patients on dialysis (4,10). The aim of the
current study was to investigate the short-, medium-, and long-
term effects of depressive symptoms on cardiovascular and
noncardiovascular mortality.

METHODS
Patients
Data were collected within the framework of NECOSAD, a prospective

observational study among incident patients on HD and PD in 38 centers in the
Netherlands between 1997 and 2007. Eligible patients were older than 18 years
and had no history of renal replacement therapy. The study was approved by all
local medical ethics committees, and all patients gave written informed consent
before inclusion. The patients were observed from the start of dialysis until
death or censoring (i.e., transfer to a nonparticipating dialysis center, with-
drawal from the study, renal transplantation, recovery of kidney function, or end
of the follow-up period in April 2011). To allow for stabilization of laboratory
data and treatment modality, the baseline measures were taken at 3 months after
the start of dialysis.

Measures
The following data were collected: sociodemographics, primary cause of

kidney disease (using the European Renal Association-European Dialysis and
Transplant Association coding system (11)), dialysis modality, residual glo-
merular filtration rate (rGFR; calculated as the mean of creatinine and urea
clearance corrected for body surface area (in milliliters per minute per 1.73 m2),
body mass index, the Davies comorbidity index indicating the level of co-
morbidity (no, intermediate, severe (12)), the presence of diabetes mellitus, and
the presence of cardiovascular disease (defined as having a history of myocardial
infarction, angina pectoris, peripheral vascular disease, or cerebrovascular ac-
cident). Laboratory data comprised serum albumin level, hemoglobin, plasma
calcium and phosphorus, intact parathyroid hormone (iPTH), creatinine, and
C-reactive protein (CRP) at baseline (i.e., at 3 months after starting dialysis).

Depressive symptoms were assessed at baseline using the Mental Health
Inventory of the Kidney DiseaseYSpecific Quality of Life Short Form, which
has been validated as a reliable measure of detecting depressive symptoms in
different populations (13Y16). The questionnaire includes five questions about
how often during the past month patients had felt ‘‘downhearted and blue,’’
‘‘calm and peaceful,’’ ‘‘happy,’’ ‘‘nervous,’’ and ‘‘so down in the dumps that
nothing could cheer them up.’’ Items were scored on a 6-point scale, varying
from all of the time to none of the time. The reliability of the scale was good
(Cronbach > = .82). The scores were summed and transformed to a scale
ranging from 0 to 100. Depressive symptoms were assessed in a dichotomous
manner using a cutoff of 52 (depressive symptoms present when the mental
health scores were e52). This cutoff showed a good specificity and sensitivity
for detecting depressive symptoms in chronically ill patients (i.e., sensitivity of
83%, specificity of 65%) (17) and has been used previously in patients with
ESRD (4).

End Points
Causes of death were classified according to the codes of the European

Renal Association-European Dialysis and Transplant Association (11). We
defined cardiovascular mortality as death due to myocardial ischemia and in-
farction, hyperkalemia, hypokalemia, (hypertensive) cardiac failure, fluid
overload, cerebrovascular accident, hemorrhage from ruptured vascular aneu-
rysm, cardiac arrest, or mesenteric infarction and if the cause of death was
coded as unknown. We designed all other causes of mortality as being non-
cardiovascular, that is, infection, malignancies, suicide or refusal of further
treatment, cachexia, and miscellaneous.

Statistical Analysis
To compare sociodemographic and medical characteristics between patients

with and without depressive symptoms, 2-tailed t tests and W
2 tests were con-

ducted. Cumulative mortality curves for overall survival were calculated with
competing risk analysis, taking into account cause of mortality as a competing
end point (18).

Cox proportional hazard ratios (HRs) were calculated with 95% confidence
intervals (95% CIs) to assess the overall association between depressive symp-
toms and all-cause mortality, cardiovascular mortality, and noncardiovascular
mortality up to 5 years after baseline. We also checked whether the pattern of
results remained similar if depressive symptoms were analyzed as a continuous

TABLE 1. Characteristics of Patients With and Without Depressive
Symptomsa at 3 Months After Starting Dialysis Treatment

Depressive
Symptoms
Not Present
(n = 1181)

Depressive
Symptoms
Present
(n = 347)

p

Sociodemographic
characteristics

Age, y 59.1 (15.2) 62.3 (13.1) G.001

Sex, % men 63.6 54.9 .003

Education, % low 52.4 67.2 G.001

Married, % yes 72.8 69.0 .166

Having children, % yes 77.5 80.5 .239

Employed, % yes 23.8 12.3 G.001

Ethnicity: % white 94.1 90.5 .020

Clinical

Modality, % hemodialysis 62.4 67.2 .100

BMI, kg/m2 24.7 (4.0) 25.0 (4.7) .394

Causes of ESRD, % .006

Diabetes mellitus 13.3 19.7

Glomerulonephritis 14.2 10.7

Renal vascular disease 15.8 18.2

Other 56.8 51.4

Comorbidity

Davies comorbidity, % G.001

No 53.1 35.7

Intermediate 40.1 50.4

Severe 6.8 13.9

Diabetes mellitus, % yes 18.8 26.4 .002

Cardiovascular disease,
% yes

30.7 47.2 G.001

Laboratory

Residual GFR, ml/min
per 1.73 m2

3.9 (2.8) 4.5 (4.1) .023

Albumin, g/dl 3.7 (5.1) 3.5 (5.3) G.001

Hemoglobin, g/dl 11.3 (1.6) 11.0 (1.6) .005

Phosphorus, mM 1.8 (0.5) 1.7 (0.5) .007

iPTH, pM 24.2 (30.9) 19.3 (26.0) .004

Creatinine, KM 774.8 (243.1) 709.9 (250.1) G.001

CRP, mg/l 11.0 (22.6) 16.9 (26.9) .014

Continuous variables are displayed as means (standard deviation), and statistical
tests include 2-tailed t tests and W

2 test.
BMI = body mass index; ESRD = end-stage renal disease; GFR = glomerular
filtration rate; iPTH = intact parathyroid hormone; CRP = C-reactive protein.
a Depressive symptoms defined as a dichotomous variable (MHI e52 versus
MHI 952).
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variable. To explore the association between depressive symptoms and specific
causes of noncardiovascular mortality, we calculated HRs for mortality due to
infection, malignancies, suicide or refusal of further treatment, and other non-
cardiovascular mortality separately.

To obtain a clear-cut comparison of the effects of depressive symptoms on
short- and long-term mortality, HRs were calculated for three different periods
after the assessment of depressive symptoms at baseline (i.e., at 3 months after
starting dialysis): a) short-term mortality (0Y6 months after baseline), b) me-
dium-term mortality (6Y24 months after baseline), and c) long-term mortal-
ity (24Y60 months after baseline). As a consequence, medium- and long-term
mortalities were conditional on having survived the previous period. Short-,
medium-, and long-term effects of depressive symptoms at baseline were
assessed for all-cause mortality, cardiovascular mortality, and noncardiovascular
mortality. Time-dependent Cox regression analyses in which all three periods
were included were conducted to explore trends over time.

Both crude and adjusted analyses were conducted. On the basis of previous
reports about depressive symptoms and mortality among patients with ESRD,
we adjusted for age, sex, marital status, having children, ethnicity, educational
level, being employed, dialysis modality, primary cause of renal disease, Davies
comorbidity index, rGFR, body mass index, hemoglobin, iPTH, plasma phos-
phorus, serum albumin, and creatinine at baseline. All variables had less than
8.2% missing values, except for rGFR, which was missing for 16.5% of the
patients. Missing values were imputed using standard multiple imputation
methods (10 repetitions) in SPSS statistical software version 17.0 (SPSS,
Chicago, IL), where missing data are imputed by multiple predictions based on
the other known characteristics (19,20). Because CRP was available for 716
(46.9%) of 1528 participants only, we did not include CRP in the mortality
analyses. However, sensitivity analyses were conducted with imputed CRP as an
additional covariate in all multivariate Cox regression analyses. Finally, sensi-
tivity analyses were conducted to check whether results remained similar if all
patients were excluded of whom the cause of death was unknown.

All p values are reported 2 sided and were considered significant at a level
less than .05.

RESULTS
Questionnaire data were available for 1528 of 1956 patients

who were registered as participants at baseline (78.1%).
Patients who did complete the questionnaire were more often
treated with PD (p = .003), were more often white (p G .001),
had relatively often glomerulonephritis (p = .004), were more
often married (p = .029), tended to be younger (p = .052), and
had less often cardiovascular diseases (p = .002). For all other
sociodemographic and comorbidity indicators, no differences
were observed.

Of the 1528 patients who completed the baseline question-
naire, 22.7% reported depressive symptoms (i.e., mental health

score e52). Patients with depressive symptoms were older,
more often women, lower educated, more often nonemployed,
and more often nonwhite (Table 1). Furthermore, compared with
patients without depressive symptoms, patients with depressive
symptoms comprised a group of patients with a higher level of
comorbidity (Davies comorbidity index, diabetes mellitus, and
cardiovascular diseases) and CRP; lower levels of serum al-
bumin, creatinine, hemoglobin, iPTH, and phosphorus; and
better renal functioning (rGFR).

Depressive Symptoms and Mortality
For 5 years after starting dialysis treatment, 671 patients

were censored before reaching the end of the study period
(435 patients were transplanted, 54 patients were transferred to
a nonparticipating dialysis center or the center discontinued
study participation, 159 patients withdrew from the study, and
23 patients had a recovery of renal function). Patients who were
transplanted during follow-up experienced less depressive
symptoms (p G .001), whereas the few patients who recovered
reported more depressive symptoms at baseline (p = .017). No
relation between depressive symptoms at baseline and either
study withdrawal (p = .61) or switching between centers (p =
.68) was observed. During follow-up, 590 (38.7%) deaths oc-
curred, of which 274 (46.5%) related to a cardiovascular cause.
Crude cumulative mortality during the 5-year follow-up for
both cardiovascular and noncardiovascular reasons was greater
in patients with depressive symptoms than in patients without
depressive symptoms (Fig. 1). Table 2 shows crude and ad-
justed HRs for depressive symptoms of all-cause, cardiovas-
cular, and noncardiovascular mortality. Depressive symptoms
were associated with a 1.5-fold increase for cardiovascular
and a 2-fold increase for noncardiovascular mortality during
the 5-year follow-up after adjustment for a wide range of de-
mographic and clinical variables. Adjusting for laboratory mea-
sures (i.e., rGFR, hemoglobin, iPTH, plasma phosphorus, serum
albumin, and creatinine) after stepwise adjustment for socio-
demographic and clinical variables hardly attenuated the HRs (see
Supplementary Table S1, http://links.lww.com/PSYMED/A50).
Furthermore, we repeated all analyses with depressive symp-
toms as a continuous variable (reversed score). This did not
change the overall pattern of results (cardiovascular mortality

Figure 1. Crude cumulative all-cause (A), cardiovascular (B), and noncardiovascular (C) mortality during a 5-year follow-up for patients with and without
depressive symptoms.
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crude HR = 1.012 [95% CI = 1.006Y1.019], adjusted HR =
1.008 [95% CI = 1.002Y1.014]; noncardiovascular mortality
crude HR = 1.023 [95% CI = 1.017Y1.029], adjusted HR =
1.017 [95% CI = 1.012Y1.023]).

To explore the association between depressive symptoms
and specific causes of noncardiovascular mortality, HRs were
calculated for death due to infection, malignancy, suicide or
refusal of further treatment, and other noncardiovascular causes
(Table 2). Depressive symptoms were related to all four cate-
gories of noncardiovascular causes, also after controlling for
demographic and clinical variables.

Depressive Symptoms and Short-, Medium-, and Long-
Term Mortality
In the short term (0Y6 months), medium term (6Y24 months),

and long term (24Y60 months), 86 (36 cardiovascular, 50 non-
cardiovascular), 229 (116 cardiovascular, 113 noncardiovascu-
lar), and 275 (122 cardiovascular, 153 noncardiovascular)
deaths occurred, respectively. Depressive symptoms at baseline
were associated with short, medium-, and long-term all-cause
mortality, with adjusted HRs ranging from 1.61 till 1.93 (Table 3).
The patterns of depressive symptomYrelated cardiovascular

and noncardiovascular mortality differed (Table 3). The asso-
ciation between depressive symptoms and noncardiovascular
mortality was present at the short, medium, and long terms. The
HR for noncardiovascular mortality was most pronounced at
the short term, whereas short-term cardiovascular mortality was
not elevated among patients with depressive symptoms. The
varying risks associated with depressive symptoms over time
were supported by a significant interaction between depres-
sive symptoms and time for all-cause mortality (unadjusted
HR = 0.79, 95% CI = 0.62Y1.00) and noncardiovascular
mortality (unadjusted HR = 0.69, 95% CI = 0.50Y0.94) but
not for cardiovascular mortality (unadjusted HR = 0.95, 95%
CI = 0.65Y1.39).

Sensitivity Analyses
CRP was included in all analyses as an additional covariate.

This did not change the results (cardiovascular mortality ad-
justed HR = 1.41 [95% CI = 1.06Y1.86], noncardiovascular
mortality adjusted HR = 2.03 [95% CI = 1.59Y2.59]). Finally,
all analyses were conducted, excluding patients of whom the
cause of death was unknown. Also, for these sensitivity anal-
yses, the data were not materially different (cardiovascular

TABLE 3. Association Between Depressive Symptoms and Short-, Medium-, and Long-Term Mortalitya

Short-Term Follow-Up
(0Y6 mo)

Medium-Term Follow-Up
(6Y24 mo)

Long-Term Follow-Up
(24Y60 mo)

HR (95% CI) p HR (95% CI) p HR (95% CI) P

All-cause crude 2.84 (1.86Y4.35) G.001 2.20 (1.67Y2.88) G.001 1.66 (1.26Y2.19) G.001

All-cause adjustedb 1.93 (1.24Y3.03) .004 1.77 (1.34Y2.35) G.001 1.61 (1.19Y2.16) .002

Cardiovascular crude 1.78 (0.89Y3.57) .102 1.85 (1.25Y2.74) .002 1.49 (0.97Y2.28) .070

Cardiovascular adjustedb 1.03 (0.49Y2.15) .942 1.51 (1.00Y2.26) .050 1.38 (0.89Y2.15) .156

Noncardiovascular crude 3.91 (2.24Y6.80) G.001 2.60 (1.78Y3.80) G.001 1.80 (1.25Y2.60) .002

Noncardiovascular adjustedb 2.82 (1.58Y5.05) G.001 2.08 (1.40Y3.09) G.001 1.84 (1.26Y2.69) .002

HR = hazard ratio; CI = confidence interval.
a Numbers of events during follow-up were as follows: short-term cardiovascular, n = 36; noncardiovascular, n = 50; medium-term cardiovascular, n = 116;
noncardiovascular, n = 113; long-term cardiovascular, n = 122; and noncardiovascular, n = 153.
b Adjusted for age, sex, marital status, having children, ethnicity, educational level, being employed, dialysis modality, primary cause of renal disease, Davies
comorbidity, glomerular filtration rate, body mass index, hemoglobin, intact parathyroid hormone, phosphorus, serum albumin, and creatinine.

TABLE 2. Association Between Depressive Symptoms and Overall Mortality and Mortality Specified by Cause at 5-Year Follow-Up

Events, n
Crude Adjusteda

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

All-cause 590 2.04 (1.71Y2.42) G.001 1.75 (1.46Y2.10) G.001

Cardiovascular 274 1.68 (1.29Y2.20) G.001 1.43 (1.08Y1.88) .011

Noncardiovascular 316 2.38 (1.88Y3.00) G.001 2.07 (1.62Y2.64) G.001

Infection 80 1.98 (1.23Y3.21) .005 1.76 (1.07Y2.90) .025

Malignancy 46 3.06 (1.70Y5.51) G.001 2.84 (1.53Y5.28) .001

Suicide or refusal 62 2.15 (1.26Y3.66) .005 1.89 (1.08Y3.30) .026

Other 128 2.53 (1.76Y3.64) G.001 2.14 (1.46Y3.12) G.001

HR = hazard ratio; CI = confidence interval.
a Adjusted for age, sex, marital status, having children, ethnicity, educational level, being employed, dialysis modality, primary cause of renal disease, Davies
comorbidity, glomerular filtration rate, body mass index, hemoglobin, intact parathyroid hormone, phosphorus, serum albumin, and creatinine.
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mortality crude HR = 1.69 [95% CI = 1.29Y2.20], adjusted
HR = 1.41 [95% CI = 1.07Y1.86]; noncardiovascular mortal-
ity crude HR = 2.43 [95% CI = 1.91Y3.08], adjusted HR =
2.12 [95% CI = 1.65Y2.72]).

DISCUSSION
The current study provides further evidence about depres-

sive symptoms being associated with poor survival among
patients with ESRD. Importantly, during the 5-year follow-up,
depressive symptoms 3 months after the initiation of dialysis
were associated with a 1.5-fold increased cardiovascular mor-
tality risk and a 2-fold increased noncardiovascular mortality
risk, even after adjustment for a wide array of covariates. To the
best of our knowledge, only two studies investigated the effect
of depressive symptoms on mortality in incident patients on
dialysis (4,10). Consistent with our findings, Chilcot et al. (10)
observed a significant association between baseline depressive
symptoms and all-cause mortality. Because of a relatively small
sample size (n = 160), specific type of mortality was not con-
sidered in this study. In addition, Boulware et al. (4) observed
an association between depressive symptoms and cardiovascular
and all-cause mortality if time-varying analyses were applied.
Interestingly, only noncardiovascular mortality was related to
baseline depressive symptoms. Both studies reported mortality
risk using a relatively short follow-up period and did not dif-
ferentiate between short- and long-term mortalities.

In the current study, crude and adjusted associations be-
tween depressive symptoms at baseline and subsequent all-
cause mortality were observed at short-term (0Y6 months),
medium-term (6Y2 years), and long-term follow-up (2Y5 years).
Hence, in this large multicenter study of patients with ESRD,
a simple assessment of patients’ depressive symptoms at the
start of HD or PD therapy seems to be a lasting marker of poor
chances for survival. However, the patterns of results for short-,
medium-, and long-term follow-up differed greatly if we con-
sidered either cardiovascular or noncardiovascular mortality:
at the short term, depressive symptoms at baseline seem to put
patients especially at risk for noncardiovascular mortality,
whereas increased risks of cardiovascular mortality were not
observed at short-term follow-up.

These findings are important for discovering the underlying
mechanism between depressive symptoms and poor survival.
Several possible explanations for the association can be pro-
vided. First, the effect may be attributed to so-called reversed
causality. This means that disadvanced health resulted in in-
creased depressed symptoms, instead of depressive symptoms
resulting in a poor medical trajectory. In line with this, patients
with depressive symptoms comprised a group of patients with
higher prevalent comorbidity at baseline already, although
contrary to what would be expected from the literature (21),
renal function was better for patients with depressive symp-
toms. Because patient characteristics differed at baseline, we
did carefully control for a large set of sociodemographic,
medical, and laboratory characteristics, but this only slightly
attenuated the effects we found. However, it is still possible
that other comorbid disease characteristics could explain at

least a part of the association between depressive symptoms
and mortality. The observation that, after adjustment for a set
of confounding factors, depressive symptoms did not seem to
be a risk factor for cardiovascular mortality during the first
6 months is an indication that ‘‘reversed causality’’ may at least
only partially explain the association between depressive symp-
toms and mortality.

Other suggested pathways consider the potentially bidirec-
tional relation between depressive symptoms and immune
system activity (2,3,22). Evidence links depressive symptoms
and proinflammatory cytokines (23Y25), which also plays a role
in the pathogenesis of cardiovascular disease. Proinflammatory
cytokinesis related not only to cardiovascular disease but also
to the occurrence of infections. Interestingly, adjusting for
serum albumin and also for CRP did not change the overall
pattern of results, which may suggest that other factors con-
tributed to the effect of depressive symptoms on mortality.
Moreover, depressive symptoms seemed to pose a risk factor
for all different causes of mortality. Additional explorative
analyses did not reveal a specific noncardiovascular cause: The
risks of infection-related mortality, cancer-related mortality,
and suicide or refusal of further treatment all increased in
patients with depressive symptoms. The nonspecific causes of
mortality in combination with our results regarding the varying
effects of depressive symptoms on short-, medium-, and long-
term cardiovascular and noncardiovascular mortality suggest
that future researchers should not limit their focus to a single
biologic pathway to explain the detrimental effects of depres-
sive symptoms on mortality. Rather, multifactorial explanations
that involve a dynamic interplay between biologic pathways and
behavioral mediators should be considered.

Indeed, the potential impact of behavioral mediators in
patients with ESRD and how these influence biologic func-
tioning has been underresearched to date (2,26). Several studies
show that depressive symptoms are related to poor health be-
havior such as detrimental life-style behaviors like smoking
(27,28) and low levels of physical activity (29). Depressive
symptoms also predict low compliance with several aspects
of therapy such as medication intake (30) and adhering to fluid
restrictions (31), which is a risk factor for mortality as well
(32,33). These factors should be incorporated to understand
the underlying mechanisms between depressive symptoms
and mortality.

The relation between depressive symptoms and negative
health outcomes raises the question whether an adequate
treatment of depressive symptoms is beneficial for patients with
ESRD. Some encouraging results from trials providing cogni-
tive behavioral therapy and antidepressants to target depression
in patients on HD suggest that modest improvements in well-
being and quality of life might be expected from treatment
(34,35). This is important for clinical practice because, with
an estimated prevalence of depression being between 20% and
30% (3), the burden of depressive symptoms among patients
with ESRD is extensive. Clinicians should detect and treat
depressive symptoms as early as possible. The current study
shows that depressive symptoms at baseline are relatively
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strongly related to noncardiovascular mortality in the first
6 months, which underscores that it might be vital to detect
depressive symptoms in an early phase. However, there is no
evidence that screening and ameliorating depressive symptoms
also positively influence the risk of mortality (36,37).

Several limitations of the current study should be noted.
First, not all participants of the NECOSAD study completed the
questionnaires, which may influence the representativeness of
the results of the whole population on dialysis. For example,
responders seemed to experience cardiovascular diseases less
often than did nonresponders. Second, although the 5-item
Mental Health Inventory has been validated as a sound measure
of depressive symptoms (13Y17), the scale is not commonly
used as a measure of depressive symptoms in patients with
ESRD. A specific strength of the mental health scale is that it
does not include somatic symptoms that can be attributed to
both uremic symptoms of ESRD and depression. A practical
advantage of the Mental Health Inventory is the brief format,
which makes it feasible for recurrent assessments in standard
care protocols.

The current study suggests that in the starting period of
dialysis therapy already, depressive symptoms are a marker of
subsequent mortality at the short, medium, and long terms.
Furthermore, depressive symptoms seem to pose a strong risk
factor for noncardiovascular mortality at the short term, whereas
cardiovascular mortality does not increase at the short term
yet. Hitherto, researchers have especially focused on cardio-
vascular pathways to understand the relation between depres-
sive symptoms and mortality (6-8). Our findings show that the
association between depressive symptoms and specific causes
of noncardiovascular mortality needs serious attention as well.
Future studies should consider the effect of time and specific
causes of mortality to unravel the underlying biologic and psy-
chologic mechanisms.
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