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Abstract
Background—Although chronic kidney disease (CKD) is a highly prevalent condition among
older adults with diabetes, the associations between health-related quality of life (HRQOL) and
severity of CKD in this population are not well understood. The objective of this study was to
assess HRQOL and depressive symptoms across estimated GFR (eGFR) stages.

Study Design—Cross-sectional.

Setting & Participants—Participants included 5,805 members of Kaiser Permanente Northern
California age 60 or older with diabetes from the 2005–2006 Diabetes Study of Northern
California (DISTANCE) survey.

Predictor—eGFR categories were defined as ≥90 (referent category), 75–89, 60–74, 45–59, 30–
44 or ≤29 ml/min/1.73m2.

Outcomes—HRQOL was measured using the modified Short Form 8 Physical Component
Summary (PCS) and Mental Component Summary (MCS) scores. Depressive symptoms were
measured using the Patient Health Questionnaire 8.

Results—In unadjusted linear regression analyses, physical (PCS) and mental (MCS) HRQOL
scores were significantly lower with worsening eGFR level. However, after adjustment for
sociodemographics, diabetes duration, obesity, and cardiovascular comorbidities, and taking into
account interactions with proteinuria, none of the eGFR categories were significantly or
substantively associated with PCS or MCS score. In both unadjusted and adjusted analyses, higher
risk of depressive symptoms was observed among respondents with eGFR ≤29 ml/min/1.73m2
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(relative risk, 2.02; 95% CI,1.10–3.71; p<0.05) compared with the referent group. However, this
eGFR-depression relationship was no longer significant after adjusting for hemoglobin levels.

Limitations—Participants are part of a single health care delivery system.

Conclusions—Our findings suggest the need for greater attention to and potential interventions
for depression in patients with reduced eGFR.

Chronic kidney disease (CKD) is a recognized public health concern with significant
associated morbidity and mortality. 1 Nearly one third of community-dwelling adults older
than age 70 meet the criteria for CKD when defined as an estimated glomerular filtration
rate (eGFR) less than 60ml/min/1.73m2.2 Older adults also experience higher rates of having
eGFR <30ml/min/1.73m2 than younger persons in part due to higher rates of diabetes and
hypertension; further, older adults are the fastest growing population of incident dialysis
patients.3

Decisions about how to manage CKD and when to initiate dialysis are clinically
challenging, especially for older patients with diabetes who are more likely to have CKD
compounded by high levels of co-morbidity, including depression, cognitive impairment,
physical disability, and frailty.4–7 Maintaining or improving quality of life should be an
important consideration in guiding CKD treatment decisions.

Only a small number of studies have described health-related qualify of life (HRQOL) or
depression in patients with CKD. One previous study by Mujais, et al., showed that in
advanced CKD (stages 3–5), physical HRQOL is more often affected than mental HRQOL,
and patients with advanced CKD have lower HRQOL scores than the general population.8

Prior studies that have evaluated depressive symptoms among earlier stages of CKD have
shown a high prevalence, some exceeding 50% of the population.9–12 While these studies
have been valuable, the results have limited generalizability due to single center populations,
small sample sizes, or a focus on patients in specialized clinics.

We performed a cross-sectional assessment of HRQOL and depressive symptoms across
eGFR categories among older adults with diabetes. This research was conducted as part of
The Diabetes and Aging Study, an ancillary study to the Diabetes Study of Northern
California (DISTANCE) survey. The Diabetes and Aging Study is a collaborative
investigation to address significant gaps in existing knowledge regarding the natural history,
service use and self-care of a multi-ethnic population of older adults with diabetes.

Methods
Study Design

In 2005–2006, the DISTANCE survey collected information about demographics, health
behaviors, social support, and patient-provider interactions from a race-stratified, random
sample of members of the diabetes registry of Kaiser Permanente Northern California, an
integrated healthcare delivery system. The diabetes registry consists of all patients within the
Kaiser Permanente Northern California health system with diabetes identified from
automated databases of pharmacy data, laboratory data, hospitalization records, and
outpatient diagnoses as having diabetes using standardized criteria. The DISTANCE survey
yielded 20,188 respondents (62% response rate) based on a standard algorithm from the
Council of American Survey Research Organization.13 Data collection methods have been
described in detail previously.14,15 Survey data were linked to respondents’ electronic
medical records including laboratory results and medical diagnoses. All laboratory tests
were conducted by a single regional laboratory and eGFR was calculated using isotope-
dilution mass spectrometry (IDMS) standardized measurements of creatinine.16 In this
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study, we included DISTANCE survey respondents who were age 60 years or older at the
time of the survey (baseline) and had at least one eGFR value in the 15 months preceding
baseline.

Exposure of Interest
The exposure of interest was eGFR stage as calculated by the CKD-EPI (KD Epidemiology
Collaboration) creatinine equation,17 adjusted for gender and race. Estimated GFR
categories were defined as ≥90, 75–89, 60–74, 45–59, 30–44, and ≤−29 (not receiving
dialysis) ml/min/1.73m2. The referent group was defined as eGFR ≥90 ml/min/1.73m2.
Where possible, the eGFR category was assigned using the last two consecutive eGFR
values (separated by at least 3 months) within the 15 months preceding survey response
(n=4,255 [73%]). If the two eGFR values were discrepant in terms of category, we assigned
the respondent to the higher value eGFR category. If only one eGFR value was available, it
alone was used to define eGFR stage (n=1,550 [27%]).

Outcomes of Interest
Health-related quality of life—HRQOL was assessed using an instrument based on the
Short Form 8 (SF-8) that includes one question for each domain of the Medical Outcomes
Study 36-Item Short Form Health Survey (SF-36). The eight domains are: 1) physical
functioning, 2) role limitations due to physical problems; 3) pain; 4) general health; 5)
vitality; 6) emotional well-being; 7) role limitations due to emotional problems; and 8)
social function.18 Responses to each question were transformed into SF-36 equivalent scores
and overall Physical Component Summary (PCS) and Mental Component Summary (MCS)
HRQoL scores were calculated.19 This instrument is normalized so that in the general
population the mean PCS and MCS scores are each 50 points with a standard deviation (SD)
of 10 points. In adults 65–74 years of age, the mean PCS is 44.7 +/− 9.3 (SD) and MCS is
52.8 +/− 8.3 points.20 At least a one-point difference in SF-36 scores is considered the
minimal cutoff point for clinical significance,21 but differences of 3–5 points have also been
suggested.22 These differences in scores can be illustrated using changes to the first SF-8
question, “Overall, how would you rate your health during the past 4 weeks?” for which the
response options are “excellent, very good, good, fair, poor, very poor.” Holding the
responses to other questions constant, the difference in score for a response of “excellent”
vs. “very good” is approximately one point; the difference in score for a response of
“excellent” vs. “good” is approximately three points. For this study, continuous (means) and
categorical (lowest quartiles) PCS and MCS scores were the outcomes of interest.

Depressive symptoms—Depressive symptoms were assessed using the Patient Health
Questionnaire (PHQ-8), an eight-item survey previously validated for use in the primary
care setting based on the DSM-IV diagnostic criteria for major depressive disorder.23,24 The
PHQ-8 score ranges from 0 to 24 with scores ≥10 consistent with depression.24,25

Covariates—Covariates for this study included self-reported survey data: age, gender,
race/ethnicity, marital status, household income, education level and duration of diabetes.15

For other covariates, we used diagnostic and procedure codes from outpatient and inpatient
medical records measures within 15 months of each participant’s survey date. We included
obesity categories, defined as underweight (body mass index [BMI], <18.5 kg/m2, normal
(BMI, 18.5–24.9 kg/m2), overweight (BMI, 25.0–29.9 kg/m2), mildly obese (BMI, 30.0–
34.9 kg/m2), or moderately/extremely obese (BMI, ≥35.0 kg/m2).26 A history of
cardiovascular disease was defined by cerebrovascular disease (ICD-9 codes: 430–438.9),
myocardial infarction (codes 410–410.92 and 412), congestive heart disease (codes 428–
428.9), or peripheral vascular disease (codes 440.20–440.24, 440.31–440.32, 440.8, 440.9,
443.9, 441–441.9, 785.4, V43.4, and v43.4). Duration of diabetes was defined as time in
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years since diagnosis at the time of the survey. The presence of proteinuria was defined
either as urinary protein-creatinine ratio ≥200 mg/g or as 24-hour urinary protein ≥150 mg
per total volume or urinary albumin-creatinine ratio ≥300 mg/g.

Statistical Methods
The DISTANCE survey used a stratified random sampling design that over-sampled
minority patients to provide adequate power for racial/ethnic contrasts. To account for this
sampling design, we weighted analyses using expansion weights (reciprocal of the non-
proportional sampling fractions for each ethnic group) in all multivariable models.
Additionally, we addressed survey non-response bias in the analysis using the Horvitz-
Thompson approach 27 which entailed fitting a model which predicted response to the
DISTANCE survey, then creating individual weights (reciprocal of the probability of the
observed response) and applying the weights to our statistical models.28

We specified multivariable linear regression models to evaluate the association between
eGFR category and mean PCS or MCS, and calculated the adjusted means at each eGFR
category, keeping all other covariates at their mean values. We then specified modified
Poisson regression models with a log link function and robust error variance to directly
estimate the 1) relative risk (RR) of scoring in the lowest quartile of PCS or MCS and 2) RR
of reporting depressive symptoms as measured by the PHQ-8 (score ≥10).29 Starting with a
base (unadjusted) model, we sequentially introduced blocks of covariates to evaluate their
effects on the main exposure variable, eGFR category. Model 1 was unadjusted; Model 2
was adjusted for respondent sociodemographics (age, gender, race/ethnicity, marital status,
household income, and education level); Model 3 was adjusted for sociodemographics,
obesity, duration of diabetes and proteinuria; and Model 4 was further adjusted for
cardiovascular comorbidities. Model 5 was a sensitivity analysis to determine if hemoglobin
level accounted for any significant effects observed between eGFR category and HRQOL or
depressive symptoms from the fully adjusted Model 4. Finally, we specified models with an
added interaction term (eGFR × proteinuria) to assess whether the potential effect of eGFR
differed for those with versus without proteinuria. When interactions were significant, we
then specified stratified models (separate models for those with and without proteinuria).

Results
Patient Characteristics

There were 5,805 respondents aged 60 years or older who had an identifiable eGFR
measurement and who completed the HRQOL questionnaire. [Figure 1] The distribution of
patients in each eGFR category (all in ml/min/1.73m2) was as follows: eGFR ≥90 (referent
group), 1,222 (21.1%); eGFR 75–89, 1,513 (26.1%); eGFR 60–74, 1,602 (27.5%); eGFR
45–59, 959 (16.5%); eGFR 30–44, 392 (6.8%); and eGFR ≤29, 117 (2.0%) [Table 1]. The
mean age was 67.2 ± 4.8 (SD) years, with the youngest mean age among respondents in the
referent group. Lower eGFR categories were associated with higher proportions of women
and lower household income. Respondents in lower eGFR categories had longer durations of
diabetes, higher prevalences of cardiovascular disease and proteinuria, and lower mean
hemoglobin levels.

Physical HRQOL
In unadjusted analyses (Model 1), physical HRQOL scores (PCS) were significantly lower
with each eGFR category (except eGFR 75–89 ml/min/1.73m2) compared with the referent
group of eGFR ≥90 ml/min/1.73m2 [Table 2]. This association persisted after adjusting for
sociodemographics, duration of diabetes, obesity and proteinuria (Model 3) for respondents
with eGFR less than 45 (referent group adjusted mean, 43.97; 95% CI, 43.11–44.83); eGFR
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30–44 (adjusted mean, 42.21; 95% CI, 40.98–43.43) and eGFR ≤29 ml/min/1.73m2

(adjusted mean, 40.93; 95% CI, 38.73–43.14). However, in the fully adjusted model (Model
4) that additionally adjusted for cardiovascular disease, these differences in adjusted means
were no longer significant. The RR of being in the lowest 25th percentile of physical
HRQOL compared with the referent group was not significantly different in the adjusted
models (data not shown). We also detected significant (p<0.001) interactions between eGFR
× proteinuria, however the lack of relationship between eGFR and PCS persisted in those
models with and without proteinuria (data not shown).

Mental HRQOL
In unadjusted analyses (Model 1), mental HRQOL scores (MCS) were significantly lower
only for respondents in the lowest eGFR category of ≤29 ml/min/1.73m2 (adjusted mean,
48.18; 95% CI, 46.68–49.68)) compared with the referent group eGFR category of ≥90 ml/
min/1.73m2 (adjusted mean, 50.71; 95% CI, 50.18–51.24; p<0.05) while respondents with
eGFR 60–74 ml/min/1.73m2 had significantly higher MCS scores (adjusted mean, 51.47;
95% CI, 51.05–51.89; p<0.05) [Table 3]. In fully adjusted analyses including
sociodemographics, duration of diabetes, obesity, proteinuria and cardiovascular disease
(Model 4) only those respondents with lowest eGFR level (≤29 ml/min/1.73m2)
demonstrated significantly lower mean MCS score (48.58; 95% CI, 46.61–50.54; p<0.05)
compared to the referent group adjusted mean (50.96; 95% CI, 50.20–51.72; p<0.05), but
these findings were not substantive. The RR of being in the lowest quartile of mental
HRQOL compared with the referent group in fully adjusted analyses was not significant
(data not shown). We also detected significant (p<0.04) interactions between eGFR ×
proteinuria, however the lack of relationship between eGFR and MCS persisted in those
models with and without proteinuria (data not shown).

Depressive Symptoms
In the unadjusted analyses (Model 1), we found that only respondents with the lowest eGFR
category (≤29 ml/min/1.73m2) had a significantly increased risk for depressive symptoms
(RR, 2.02; 95% CI, 1.10–3.71; p<0.05) [Table 4]. In the fully adjusted model (Model 4),
those respondents with eGFR ≤29 ml/min/1.73m2 remained at significantly increased risk of
reporting depressive symptoms compared with the referent group with eGFR ≥90 ml/min/
1.73m2 (RR, 2.04; 95% CI, 1.06–3.91; p<0.05). We detected no significant effect eGFR ×
proteinuria interactions, and thus this strong relationship between eGFR and depression was
consistent across those with and without proteinuria.

Mediation Models
To test the effect of hemoglobin as a potential mediator of any observed relationships
between eGFR and HRQOL or depressive symptoms, we added hemoglobin level to the
fully adjusted models for MCS and PHQ-8 scores. As expected, after adding hemoglobin to
the model for PCS (Table 2, Model 5), there were no significant differences in PCS mean
scores for any eGFR categories compared with the referent group, which was not different
from the results for the fully adjusted Model 4 (adjusted for sociodemographics, obesity,
duration of diabetes, cardiovascular comorbidities and proteinuria). When adding
hemoglobin as a covariate for MCS (Table 3, Model 5), we found that respondents with
eGFR ≤29 ml/min/1.73m2 no longer had significantly lower mean MCS scores (49.04; 95%
CI, 46.98–51.11) compared to the referent group with eGFR ≥90 ml/min/1.73m2 (mean
score, 50.48; 95% CI, 49.54–51.41; p=0.3). When hemoglobin was added to the model for
depressive symptoms (Table 4, Model 5), we found that although respondents with eGFR
≤29 ml/min/1.73m2 remained at increased risk for depressive symptoms compared with the
referent group (RR, 1.72; 95% CI, 0.89–3.33; p=0.1), this result was no longer statistically
significant.
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Discussion
This study assessed the relationship between eGFR and HRQOL and depressive symptoms
in a population of over 5,800 community-dwelling, insured older adults with diabetes
enrolled in Kaiser Permanente Northern California. In this study, we found that after
adjustment, there was no substantive relationship between eGFR and physical or mental
HRQoL as a whole, or separately among those with and without proteinuria. However, we
also found that respondents with the lowest eGFR values (eGFR ≤29 ml/min/1.73m2) had
double the risk of depressive symptoms when compared to respondents with the highest
eGFR (≥90 ml/min/1.73m2) in fully adjusted analyses. This strong relationship was
observed in those with and without proteinuria. We also found that the relationship between
eGFR and depressive symptoms was partially attributable to variation in hemoglobin level.

Our results differ from prior studies that have examined HRQoL among CKD patients and
have shown a stronger effect of lower eGFR based on CKD stage for physical HRQOL
compared with mental HRQOL.8,30 Our results are particularly important as they represent a
large outpatient primary care population with diabetes, a population not previously
evaluated in the literature but a population that carries a high burden of kidney disease.
These results, which show no significant relationship between eGFR and physical HRQOL
after adjustment for cardiovascular comorbidities, suggest that it may be the increased
burden of cardiovascular disease present at lower eGFR levels rather than the kidney
function itself that impairs physical function. The negative effects of cardiovascular disease
on HRQOL may be due to cardiovascular deconditioning, the side-effects of medications
used to treat cardiovascular disease, or the burden of polypharmacy.15,31

Our results suggest an independent association between decreased kidney function and an
increased risk of depressive symptoms among those with the worst kidney function (eGFR
≤29 ml/min/1.73m2) even in the presence of other common comorbidities including diabetes
and cardiovascular disease among older adults. It is possible that those in the lowest eGFR
category are experiencing symptoms more directly related to their kidney disease including
dyspnea, poor appetite, or fatigue, which might affect depressive symptoms. Moreover, this
relationship was partially mediated by hemoglobin level. These results indicates that lower
hemoglobin levels, as a result of worsened kidney function (lower eGFR), may account for
symptoms such as dyspnea or fatigue, that could in turn influence mood. In addition to
symptoms associated with poor kidney function, mediated by lower hemoglobin levels,
respondents with low eGFR levels may also experience uncertainty and anxiety about
potential impending kidney failure and the need to consider renal replacement therapy that
may also affect mood. Depression in CKD has important clinical implications. Young et al,
have previously reported that major depression was common among stage 5 CKD patients
with diabetes and was associated with an almost tripling in mortality rates.32

There are several limitations of this study. First, this is a cross-sectional study of patients
with diabetes in a large managed care organization and the findings may be the result of
specific care patterns of this health delivery system. For example, all patients had uniform
access to primary care with integrated nephrology consult services available. On the other
hand, this is a large study of nearly 6,000 insured patients who received care within an
integrated health care system. Second, we did not have more than a single eGFR value (in
the baseline time period prior to survey response) for about one quarter of our sample. The
lack of multiple eGFR records was due to this being a sample of primary care outpatient
sample in which laboratory values were obtained during routine clinical care. Therefore, we
can only describe our results in terms of eGFR level rather than stage of CKD. In an effort to
reduce the likelihood that our sample contained persons with acute kidney injury rather than
CKD, we did exclude all respondents with laboratory values obtained in the in-patient or
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emergency room settings during the baseline period. The laboratory data presented in this
study is representative of that for patients with diabetes in general primary care and
therefore, these results have relevance for many patients. Also, we cannot confirm the
direction of the relationships between eGFR category, comorbidities, and HRQOL, although
reverse causality (poorer HRQOL significantly reducing eGFR) is unlikely. Future studies
that evaluate HRQOL in patients prospectively would be able to better define these
relationships. Finally, the HRQOL measures in this study did not include kidney disease-
specific items, such as those validated in the KDQoL-SF (Kidney Disease Quality of Life)
questionnaire or the CHOICE (Choices for Healthy Outcomes in Caring for ESRD) health
experience questionnaire, because the original study was aimed at general HRQoL among
persons with diabetes.33–35 However, it is not clear if disease-specific measures would alter
significantly our results since such kidney disease-specific questionnaires are validated for
use in patients with advanced CKD (stage 4) and not the general population with CKD. The
measures used in this study were validated for a population of primary care patients with
diabetes.36 Despite these limitations, we believe that the results of this study provide
additional information in an area of great need, the understanding of the relationship
between kidney disease, eGFR, HRQOL, and depression.

In summary, among older adults with diabetes, lower eGFR, with and without the presence
of proteinuria, was associated with a markedly increased risk of depressive symptoms after
accounting for cardiovascular comorbidities. However we found no evidence to support
previous reports suggesting a relationship between eGFR and physical or mental HRQOL.
Our findings argue for the need for greater attention toward identifying and addressing
depressive symptoms among those with decreased kidney function.
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Figure 1.
Flowchart of respondents
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