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Abstract

Objectives—Depression is the most common psychiatric disorder in patients with chronic
kidney disease (CKD). We sought to determine the association of major depression with mortality
among diabetic patients with late stage CKD.

Method—The Pathways Study is a longitudinal, prospective cohort study initiated to determine
the impact of depression on outcomes among primary care diabetic patients. Subjects were
followed from 2001 until 2007 for a mean duration of 4.4 years. Major depression, identified by
the Patient Health Questionnaire-9 (PHQ-9), was the primary exposure of interest. Stage 5 CKD
was determined by dialysis codes and estimated glomerular filtration rate (<15ml/min). An
adjusted Cox proportional hazards multivariable model was used to determine the association of
baseline major depression with mortality.

Results—Of the 4128 enrolled subjects, 110 were identified with stage 5 CKD at baseline. Of
those, 34 (22.1%) had major depression. Over a period of 5 years, major depression was
associated with 2.95-fold greater risk of death (95% Cl=1.24-7.02) compared to those with no or
few depressive symptoms.

Conclusion—Major depression at baseline was associated with a 3-fold greater risk of mortality
among stage 5 CKD diabetic patients. Given the high mortality risk, further testing of targeted
depression interventions should be considered in this population.
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INTRODUCTION

Depression is the most common psychiatric disorder among patients with end-stage renal
disease (ESRD) and chronic kidney disease (CKD) and has been associated with increased
morbidity and mortality in both cross-sectional and short-term prospective studies.18
Depression is largely under-recognized, misdiagnosed, and undertreated in this population.®
Few prospective studies have evaluated depression using validated self-report
questionnaires, particularly among patients with diabetes and late stage 5 CKD defined as
chronic kidney failure with an estimated glomerular filtration rate (eGFR) less than 15ml/
min, or those on dialysis.10-14

It is well known that diabetes is the most common cause of ESRD (44% of cases)!® and is
associated with a 15-25% greater mortality risk among ESRD patients compared to those
without diabetes.18 In addition patients with diabetes have twice the prevalence of major
depression (12%) as the general population.l” We have shown that among patients with
diabetes, depression is associated with increased diabetes symptoms, 18 poor glycemic
control,19 decreased adherence to self-care regimens!®, increased cardiovascular disease and
cardiovascular disease risk factors,20 increased work disability,2 and mortality.22
Furthermore, depression tends to be chronic in patients with diabetes and the majority of
patients (80%) are subject to a relapse of depression over a 5 year period.1’ Patients with
stage 5 CKD and diabetes represent a population at even greater risk for cardiovascular
events, morbidity, and mortality compared to those with diabetes in the general
population.23 Depression among the general dialysis population has been associated with
increased risk of death, poor compliance with dialysis and medication regimens, and poor
quality of life. However, the comorbidity of depression with diabetes has not been well
studied among a population-based prospective cohort of those with stage 5 CKD,
particularly those treated in a health care system prior to and after initiation of dialysis.24-27

The aim of this study was to evaluate the association of major depression with mortality in
with a population-based study of patients with diabetes and late stage CKD treated at a large
staff model health maintenance organization. Major depression was evaluated using the
Patient Health Questionnaire-9 (PHQ-9),28 and patients were followed prospectively from
the time of study enrollment for up to 5 years.

MATERIALS AND METHODS

Subjects and Study Design

The Pathways Epidemiology Study is a longitudinal, prospective population-based cohort
study developed by a multidisciplinary team of investigators from the University of
Washington and the Group Health Research Institute.1% 20 29 Patients were recruited from
Group Health (GH), a nonprofit health maintenance organization with over 500,000
enrollees who receive medical care provided by 30 primary care clinics located in Western
Washington State. Of the 30 clinics available, 9 clinics were selected for the study based on
geographic location (40-mile radius of Seattle), large diabetes populations, and increased
clinic racial and ethnic diversity. Subjects were prospectively followed from the time of
recruitment for the baseline survey (March 2001) until August 31, 2007.
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A total of 9063 baseline surveys were mailed to patients identified with diabetes from the
GH Diabetes Registry. GH maintains a diabetes registry that includes all patients who have
diabetes identified by administrative databases that include pharmacy (insulin or diabetes
medications), laboratory (elevated fasting or random glucose or hemoglobin Alc) or
hospital discharge data (diagnosis codes for diabetes).39 Of those surveys sent, 7841 met
eligibility criteria, and of those, 4839 were returned for a response rate of 62%. Of the
respondents, we excluded 711 subjects who did not give permission to review medical
records. Of the remaining subjects (n=4128), 128 were found have stage 5 CKD at the time
of baseline survey. After excluding 11 patients who received a kidney transplant before
baseline and 7 patients with missing covariates, 110 subjects were available for the analysis.
7 patients who received kidney transplants after baseline were censored at transplant date.
Patients were considered to have Stage 5 CKD if they met any of the following criteria:
eGFR <15 ml/min/ 172 m? (as estimated by the 4-variable Modification of Diet in Renal
Disease [MDRD] equation),3L 32 an International Classification of Diseases, 91" Edition
(ICD-9) diagnosis code or procedure code for ESRD (585.5, 585.6, 404.93, v42.0, v45.1,
v56.x, 39.27, 39.42-43, 39.49-50, 39.53, 39.93-95, or 54.98), or a CPT code for dialysis
(90918, 90919, 90920, 90922, 90923, 90924, 90925, 90935, 90937, 90939, 90941, 90945,
90947, 93990, 90989, 90993, 90999) (Figure 1).

Primary Predictor of Interest

The primary predictor of interest was major depression, as determined by the PHQ-9. The
PHQ-9 has been validated in dialysis populations against the Structured Clinical Interview
for Diagnostic and Statistical Manual 1V (SCID I1V).14 Using a cutoff value of 10 or greater
to define depression illness, the PHQ-9 has a sensitivity of 92%, specificity of 92%, positive
predictive value of 71%, negative predictive value of 98% and a kappa value of 0.75
compared to the SCID IV diagnosis of major depression in patients with ESRD.12 In the
present study, patient's scores were categorized into those with major depression versus
those without major depression. Following the standard definition, major depression was
defined as having a score of = 2 on 5 of 9 DSM 1V symptoms for 2 weeks or more with at
least one of the positive symptoms being a cardinal symptom (i.e. depressed mood or
anhedonia). We chose a priorito evaluate major depression verses no major depression.
Only 7 subjects were found to have minor depression defined as 2—4 depressive symptoms
at least half the days with at least one cardinal symptom. These subjects were included in the
reference group of those without major depression.

Other Covariates of Interest

Outcome

Covariates of interest were obtained from the mailed survey and included socio-
demographic characteristics (age, gender, race/ethnicity, educational attainment, and marital
status), diabetes type (type 1 or 2), diabetes duration (years), diabetes treatment, height and
weight calculated as the body mass index (BMI) in kg/m?2, smoking, and sedentary lifestyle
as evaluated and defined by the prospectively validated Summary of Diabetes Self-Care
Questionnaire.33 The ambulatory medical record was reviewed for the presence and date of
comorbid conditions, including cardiovascular disease, peripheral vascular disease, diabetic
retinopathy, stroke, and diabetic neuropathy. Glycosylated hemoglobin Alc (HbAlc) was
obtained from clinical laboratory databases at baseline enroliment into the study.

All-cause mortality was the primary outcome of interest. Mortality was determined using
GH automated vital statistics data from 3/1/2001 to 8/31/07. All deaths were validated by
comparing GH data to the Washington State Department of Health Death data available
from January 1999 to December 2007.22

Gen Hosp Psychiatry. Author manuscript; available in PMC 2012 November 03.



1X31-)lew1a1ems 1X31-){Jewiaremsg

1Xa1-)lewarems

Young et al. Page 4

Statistical Analysis

Kaplan-Meier curves were generated for those with and without major depression. Adjusted
Cox proportional hazards regression models were used to analyze the association between
major depression and mortality.3* Patients were considered at risk from baseline enrollment
and followed longitudinally for a mean of 4.4 years. Patients were censored at the end of the
study, at death, at time of transplant, or when lost to follow-up, as determined by
disenrollment from GH. The adjusted relative risk (RR) or hazard ratio (HR) was estimated
for each covariate. Variables used in multivariable models were chosen a priori or for the
observed magnitude of their relationship with major depression and mortality.
Proportionality of the Cox models was assessed and confirmed by log (-log) and cumulative
Schoenfeld residual plots.

RESULTS

Of the 4128 patients enrolled in the original Pathways study and for whom we had
permission to review medical records, 128 had stage 5 CKD at baseline. Of these,11 were
transplanted and 7 of the remaining 117were dropped from analyses due to missing
covariates.

Table 1 shows the baseline characteristics of the study sample by depression status. The
average age was 65.5 years, 45.5% were female, 19.1% were non-white, 39.1% had a high
school education or less, and 63.6% were married or living together. The average HbAlc
was 7.5+ 1.6%. . The mean number of years on dialysis was 2,2 years + 2.5. The average
RxRisk score was $5428+ 3455. The mean body mass index (BMI) was 30.6 kg/m2. Only
8.2% of patients smoked at baseline, and 43.6% reported a sedentary lifestyle. Finally, the
average duration of diabetes was 15.0 years and 53.3% of patients were on insulin, while
32.5% of patients were on an oral hypoglycemic agent (data not shown).

Table 1 also shows the baseline characteristics of the study sample by depression status.

Patients with major depression were more likely to have a sedentary lifestyle (p=0.01) and
slightly more likely to be female, to have less than a high school education, to be single, to
have poorer glucose control, and to have longer duration of diabetes than those with no or
few depressive symptoms, although the latter differences were not statistically significant.

Of the 110 patients, 46 (41.8%) died during the approximately 5 years of follow up. Kaplan-
Meier curves (Figure 2) show those with major depression had decreased survival (median
survival 3.8 years) compared to those without major depression (median survival 4.7 years).

Multivariable analysis was conducted with major depression as the predictor of interest and
mortality as the primary outcome. Using Cox proportional hazard modeling, we found major
depression was associated with a 2.95-fold greater risk of death (95% CI =1.23-7.02)
compared to those without major depression after adjustment for age, sex, education, race,
marital status, baseline comorbid conditions, smoking, hemoglobin Alc, BMI, sedentary
lifestyle, and years on dialysis. After adjustment, increasing age and decreasing BMI were
the only other variables significantly associated with increased mortality in this cohort
(Table 2).

DISCUSSION

We found that major depression was associated with a 2.95-fold greater risk of mortality
compared to those without major depression in a prospective cohort of diabetic patients with
stage 5 CKD who received medical care in a large health maintenance organization. This
mortality risk associated with major depression in the stage 5 CKD population is greater
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than that found for the general diabetes population but similar to that for the general dialysis
population.3® To our knowledge this is the first study to examine the associations of major
depression and mortality among patients with stage 5 CKD in a longitudinal cohort of
primary care patients with concomitant diabetes mellitus. A major strength of current study
was that it had a validated measure of depression, was population based, prospective, and
had significant longitudinal follow up among similarly treated patients in a large HMO
setting prior to and after initiation of dialysis, compared to most studies in the literature that
only evaluate depression once dialysis has been initiated.

In some, but not all, previous studies, which focused exclusively on the dialysis population,
depression and depressive symptoms were associated with an increased risk of mortality in
both prevalent and incident general dialysis patients.24 25 27. 36 For example, among
dialysis patients, Hedayati found a relative risk of 2.07 (95% CI 1.10-3.90) for mortality
associated with depression,2* while, Boulware found that depressive symptoms were
strongly associated (HR=2.22, 95% C1=1.36-3.60) with all-cause mortality in the CHOICE
study.2> Unfortunately, the relative risk associated with death was not reported separately
for those with diabetes in either of the preceding studies. Hedayati did find that diabetic
CKD patients had a 2-fold greater prevalence of depression, compared to non-diabetic
patients; however, this study was a convenience sample of CKD clinic patients and did not
assess longitudinal outcomes prospectively.2

Initiation of dialysis is often associated with significant psychological and biologic stress,
lifestyle changes, and decreased quality of life. Underscoring the importance of diagnosing
depression in this population, the United States Renal Data System (USRDS) initiated a
large scale study to evaluate rehabilitation/quality of life and nutrition, which will
prospectively screen for depression in ESRD patients using the Patient Health
Questionnaire-2 (PHQ-2).15 Depression and psychological stress are theorized to contribute
to increased mortality by several mechanisms, some of which include alteration in
nutritional status, decreased adherence with prescriptions and medication regimens, and
adverse effects on the immunologic system37-39 and hypothalamic-pituitary-adrenal (HPA)
axis.%0 In addition, depression is thought to increase the risk of suicide and withdrawal from
dialysis.4? Dialysis patients reportedly have an 84% greater risk of suicide than the general
population.*! However when the diabetic population was assessed, the rate of suicide was
lower than that of the general ESRD population (HR= 0.76, 95% CI 0.59-0.99).40 Patients
with depression are more likely to withdraw from dialysis compared to patients without
depression;2” however, in our cohort only 4 patients withdrew from dialysis or chose not to
initiate dialysis and of those, 2 had major depression.

The current study has a number of strengths. The Pathways Study is a prospective,
longitudinal cohort study in a large primary care diabetes population for whom a valid and
reliable measure of major depression was available, compared to most studies in the
literature that have used depression scales measuring severity only. Stage 5 CKD and ESRD
were validated by an internal dialysis registry and laboratory data, while death was
adjudicated by chart review. The cohort was well characterized and represents a general,
population-based, primary care diabetes cohort for which we had medical record reviewed
and confirmed comorbid conditions. The current study also enrolled both prevalent and
incident dialysis patients and adjusted for dialysis time on dialysis.

The current study also has several limitations. Because this was a population-based study at
a health maintenance organization and not at a dialysis unit, dialysis-specific variables were
not available; therefore, analyses were not adjusted for dialysis adequacy (Kt/V), albumin,
calcium metabolism or other dialysis parameters. The current study reports on only a small
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mber of stage 5 CKD patients and had limited power to study the association of minor
pression with mortality.. Since some studies have found that both minor as well as major
pression are associated with adverse outcomes in patients with chronic medical

ilinesses,*2 our analysis could be considered a conservative estimate of the risk of mortality
associated with depressive symptoms, since patients with subclinical depressive symptoms

or

minor depression were included in the reference group. Although results are suggestive of

a strong association of depression with mortality in stage 5 CKD patients, a causal
relationship cannot be confirmed because this study is observational. Finally, this study used
the PHQ-9 questionnaire, not a structured psychiatric interview. However, this questionnaire

Conclusion

has been validated against a structured interview in patients with prevalent and incident
kidney failure and was found to have high sensitivity and specificity.14

Major depression was associated with an almost 3-fold greater risk of mortality in stage 5
CKD patients with type 2 diabetes followed longitudinally for 5 years in this prospective
cohort study. Major depression is highly prevalent in stage 5 CKD patients with diabetes,

Wi
co

th approximately one in five patients in this study meeting criteria for this important
morbidity. Additional prospective investigation is needed to determine if depression

treatment will improve outcomes in this high risk population.
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Enrollment in the Pathways Study
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Kaplan-Meier Curves of Survival of Stage 5 CKD Patients Stratified by Depression Status
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Baseline Characteristics of Stage 5 CKD Patients by Depression Status

Table 1

Characteristics No Major Major P-value
Total sample | depression | depression

n (%) | 1m0 | sseo0) | 2200 |
Age Category

Under 55 24 (21.8) 19 (21.6) 5(22.7) 0.99

55 to 64 18 (16.4) 15 (17.1) 3(13.6)

65to 74 34 (30.9) 27 (30.7) 7(31.8)

75+ 34 (30.9) 27 (30.7) 7(31.8)
Female 50 (45.5) 40 (45.5) 10 (45.5) 1.0
Race

White 89 (80.9) 71 (80.7) 18 (81.8) 0.99

Black 11 (10.0) 9(10.2) 2(9.1)

All Other 10 (9.1) 8(9.1) 2(9.1)
High school education or less | 43 (39.1) | 33 (37.5) | 10 (45.5) | 0.49
Married/living together | 70 (63.6) | 58 (65.9) | 12 (54.6) | 0.32
Years on Dialysis

Not on Dialysis 43(39.1) 32(36.4) 11 (50.0) 0.35

0 to <4 years 34 (30.9) 27 (30.7) 7(31.8)

4+ years 33(30.0) 29 (33.0) 4(18.2)
Years on Dialysis | 2.2 (25) | 2.4 (2.5) | 15(2.3) | 0.66
RxRisk score, $4 | 5428 + 3455 | 5220+ 3279 | 6257+ 4066 | 0.17
HbAlc >=8.0 | 38 (34.6) | 28 (31.8) | 10 (45.5) | 0.23
HbA/, %, mean + sd | 75+16 | 75+16 | 78+18 | 0.53
Currently smoking | 9(8.2) | 7 (8.0) | 2(9.1) | 0.86
Sedentary Lifestyle (<=1 day/
wk exercise) 48 (43.6) 33 (37.5) 15 (68.2) 0.01
Cardiovascular disease | 67 (60.9) | 55 (62.5) | 12 (54.6) | 0.49
Stroke or Brain Procedure | 16 (14.6) | 10 (11.4) | 6 (27.3) | 0.06
Peripheral Vascular Disease | 24 (21.8) | 20 (22.7) | 4(18.2) | 0.64
Low Vision/Blindness | 17 (15.5) | 13 (14.8) | 4(18.2) | 0.70
Neuropathy | 43(39.1) | 31(35.2) | 12 (54.6) | 0.10

Data are N (%) unless otherwise stated. Column percentages may not add up to 100 due to rounding.
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Definitions: CKD= chronic kidney disease, HbAlc = hemoglobin Alc,
aRxRisk is a pharmacy-based measure of medical comorbidity. The score is an estimate of expected previous year healthcare costs as a function of

age, sex, and the chronic condition classes in which prescription drug fills are observed. Depression and diabetes medications excluded from this
modified RxRisk score.
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Table 2

Univariate Multivariable
Characteristics HR 95% CI HR 95% CI
Major Depression 1.80 | 1.07-3.02 | 2.95 | 1.234-7.02
Male 1.68 | 1.05-2.68 | 1.60 | 0.70-3.70
Some College 1.06 | 0.66-1.70 | 1.63 | 0.68-3.84
Age, < 55 years 1.0 Reference | 1.00 | Reference
Age 55 to 64 years 115 | 0.37-358 | 1.27 | 0.18-8.63
Age 65 to 74 years 138 | 1.63-9.60 | 5.95 | 1.55-22.95
Age 75+ years 1.60 | 2.06-11.89 | 5.38 | 1.45-19.94
White 1.0 Reference | 1.00 | Reference
African American 0.71 | 0.31-1.65 | 0.84 | 0.28-2.58
Other Race/Ethnicity | 1.01 | 0.46-2.22 1.13 | 0.26-4.99
Single 0.56 | 0.33-0.93 | 0.71 | 0.28-1.81
Body Mass Index 095 | 0.90-1.00 | 0.93 | 0.86-0.99

Page 13

Models adjusted for age, sex, education, race, baseline cardiovascular disease, stroke, peripheral vascular disease, retinopathy, neuropathy, ,

smoking, hemoglobin Alc, body mass index, years on dialysis, sedentary lifestyle, and education.

Definitions: CKD= chronic kidney disease, HR= hazard ratio.
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