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Abstract

Background—Epidemiological studies typically diagnose heart failure (HF) at the time of
hospitalization, and have not evaluated the prevalence of HF symptoms in CKD patients without a
prior HF diagnosis.

Methods and Results—We modified the Kansas City Cardiomyopathy Questionnaire (KCCQ)
to detect and quantify symptoms characteristic of HF (dyspnea, edema, and fatigue) among 2,883
CKD patients without diagnosed heart failure in the Chronic Renal Insufficiency Cohort (CRIC).
The KCCQ is a 23-item instrument that quantifies the impact of dyspnea, fatigue and edema on
physical, social, and emotional functions (scored 0-100). The median KCCQ score was 92, and
25% had KCCQ scores < 75. Compared with cystatin C-based eGFR >50ml/min/1.73m2
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(reference), eGFR 40-50, 3040, and <30 were independently associated with lower KCCQ scores
(<75); adjusted odds ratios and (95% CI): 1.38 (1.06-1.78), 1.39 (1.09-1.82), and 2.15 (1.54-
3.00), respectively. Lower hemoglobin (Hb) levels also had independent associations with KCCQ
<75: Hb > 14 g/dL (reference), Hb 13-14 g/dL (1.03; 0.76-1.40), Hb 12-13 g/dL (1.41; 1.04—
1.91), Hb 11-12 g/dL (1.56; 1.12-2.16); and Hb<11 g/dL (1.65; 1.15-2.37).

Conclusion—CKD patients without diagnosed HF have a substantial burden of symptoms
characteristic of HF, particularly among those with lower eGFR and hemoglobin levels.

Keywords
hemoglobin; glomerular filtration rate

INTRODUCTION

In prior studies, chronic kidney disease (CKD) has been associated with an increased
incidence of heart failure, even in subjects with early declines in kidney function. Studies
using serum creatinine have found elevated risk of heart failure among elderly persons in the
Cardiovascular Health Study (CHS) with creatinine >1.4 mg/dL)?, and with estimated GFR
<60 ml/min/1.73m?2 in middle aged adults? and women with coronary heart disease.3 More
recently, studies using cystatin C, an alternative marker of kidney function, have
demonstrated a broader association between kidney function and heart failure risk across a
spectrum ranging from preclinical kidney disease to advanced CKD.4—6

The actual pathogenesis of heart failure onset in persons with CKD has not been well
characterized, as epidemiological studies typically detect heart failure only after
hospitalization for decompensated health status. Symptoms of heart failure likely begin
insidiously long before the requirement for hospitalization, but may be under-recognized
particularly in patients with kidney disease. Dyspnea and fatigue are hallmarks of the
clinical syndrome of heart failure, and persistent symptoms despite medical management are
associated with high mortality.” In addition, the symptoms of dyspnea and fatigue are
common in the end-stage renal disease (ESRD) population. To date, however, no studies
have evaluated the association of kidney function with symptoms characteristic of heart
failure, such as dyspnea and fatigue, in persons with chronic kidney disease who do not have
diagnosed heart failure. We hypothesized that these would be common symptoms among
persons with CKD, and may be early indicators of heart failure long before clinical
diagnosis.

In the Chronic Renal Insuffiency Cohort (CRIC), we surveyed nearly all participants for the
presence and severity of symptoms characteristic of heart failure, including dyspnea, fatigue,
and edema using a modified version of the Kansas City Cardiomyopathy Questionnaire
(KCCQ). The primary objective of this paper was to describe the prevalence and severity of
symptoms characteristic of heart failure among persons with CKD who did not have
previously diagnosed heart failure. Additional goals were to determine whether estimated
glomerular filtration rate (eGFR), hemoglobin levels, and other clinical characteristics were
associated with a higher likelihood of participants reporting clinical significant symptoms.

METHODS

Participants

The National Institute of Diabetes and Digestive and Kidney Diseases (NIDDK) established
CRIC in 2001 as an observation study to evaluate the determinants of progression to ESRD
and CVD among persons with CKD.8: 9 Participants were recruited from 7 clinical centers
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between July 2003 and March 2007. Inclusion criteria were an estimated GFR between 20—
70 ml/min/1.73m? for persons aged 21-44, 20-60 ml/min/1.73m? for persons aged 45-64,
and 20-50 ml/min/1.73m? for those aged 65-74. Exclusion criteria included prior
transplantation, polycystic kidney disease, multiple myeloma, use of immunosuppression,
and severe comorbid illnesses such as cirrhosis, HIV disease, and severe heart failure. The
diagnosis of heart failure at entry into CRIC was assessed by participant response to the
question at baseline: “Have you ever been diagnosed with or has a doctor or other health
professional ever told you that you have heart failure?” At follow-up visits, participants
were asked: “Have you been hospitalized, including an ER visit, since the last CRIC study
contact for heart failure or fluid in the lungs?”

The primary predictors for this paper were estimated glomerular filtration rate (eGFR) using
creatinine or cystatin C and hemoglobin levels. Creatinine-based estimated GFR was
determined using the modified MDRD equation (eGFRcrea)0, and cystatin C-based eGFR
by the CKD-EPI equation (eGFRcys)!1. Estimated GFR was categorized as <30, 30-39, 40—
49, > 50 ml/min/1.73m? for each marker, since all participants had established CKD.
Hemoglobin levels were categorized as <11, 11-11.9, 12-12.9, 13-13.9, > 14 g/dL.

Secondary predictors included demographic characteristics (age, sex, and race); clinical
characteristics (body mass index, current smoking, asthma, hypertension, diabetes, coronary
artery disease (prior myocardial infarction or revascularization), stroke, and peripheral
vascular disease); and lipoprotein levels (LDL, HDL).

The KCCQ was designed and validated as an instrument to capture longitudinal health status
among persons with heart failure. The survey is a 23-item self-administered instrument that
quantifies the importance of dyspnea, fatigue and edema on physical, social and emotional
functions; the responses are combined to give an overall summary score of 0-100, with 100
representing the least burden of symptoms. Studies demonstrated that the KCCQ was
sensitive to changes in health status among heart failure patients and predicted longitudinal
outcomes better than serological biomarkers, such as BNP.12 In a stable population with
advanced heart failure, >75 has been used to define good health status, and <75 as clinically
significant symptoms.13=15 For the CRIC Heart Failure Study, we made minor
modifications to the KCCQ to allow its administration to persons either with or without
diagnosed heart failure; the scoring was not changed by this modification, which eliminated
any reference to the participant having existing heart failure. The KCCQ was administered
to participants at the Year 1 clinical visit of CRIC.

We first described the distribution of overall KCCQ scores among CRIC participants
without self-report of clinical heart failure, using a frequency histogram, and found the
distribution of KCCQ scores to be highly skewed left-ward (Figure 1a). We therefore chose
to dichotomize the KCCQ score, and defined <75 as “clinically significant” based on prior
literature.13-15 This cutpoint was also approximately the threshold for the lowest quartile in
CRIC. For comparison, we also displayed the KCCQ distribution among those with self-
reported heart failure (Figure 1b). However, all subsequent analyses were limited to
participants without self-reported heart failure. We next tabulated characteristics among
participants by KCCQ scores above or below 75, including demographics, clinical risk
factors, eGFR, hemoglobin, and medication use. Tests for differences were conducted using
the t-test or chi-squared test as appropriate.
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The associations of eGFRcrea, eGFRcys and hemoglobin with overall KCCQ score were
portrayed by Lowess plots, which are non-parametric approximations of splines. We also
determined each predictor’s correlation with overall KCCQ score, physical limitation score,
and symptom burden. We then tabulated the proportions with overall KCCQ score <75 by
category of eGFR and hemoglobin. We used multivariable logistic regression models to
determine whether observed associations were independent of potential confounding factors.
Candidate variables included clinical sites and the covariates listed above, which were
evaluated using a stepwise selection procedure with a p-value of 0.20 as the threshold for
entry into the model, and 0.10 as criterion for retention. Interactions of eGFR and
hemoglobin by sex and race categories were investigated using a cross-product term entered
into the model, but none was significant. Because dyspnea is characteristic, but not specific,
for heart failure, we conducted a sensitivity analysis in which we excluded participants most
likely to have pulmonary causes of dyspnea, persons with a history or smoking. SAS version
9.1 was used for the analysis.

3,232 subjects completed the KCCQ at the Year 1 visit, of which 2,883 had no previously
diagnosed heart failure. The mean age was 59.3+10.9, and levels of eGFRcrea, eGFRcys
and hemoglobin were 42 +15 ml/min/1.73m2, 56 +22 ml/min/1.73m?2, and 13+2 g/dL. The
distribution of the KCCQ overall summary scores is depicted in Figures 1a and 1b, stratified
by absence or presence of heart failure. Among participants with established heart failure,
the range of KCCQ scores was much lower and spread across the range of possible scores
(Figure 1b). The remainder of results are limited to participants without self-reported heart
failure.

In those without heart failure, 23% reported no symptoms consistent with heart failure,
KCCQ=100, and another 31% had scores between 90-99. Among the remaining
participants, scores ranged across the spectrum, and 25% had KCCQ <75. Among the 2,200
in the restricted analysis (no asthma or current smoking), 21% (N=464) had KCCQ <75. The
mean scores were similar for the overall summary (83+20), and for the subscores on
physical limitation (81+24) and symptom burden (84+20), and quality of life (82+23).

Participants with KCCQ scores <75 were similarly aged to those with higher scores, but
were more likely female and Black. Cardiovascular risk factors were associated with lower
KCCQ scores, including hypertension, diabetes, higher BMI, and lower HDL levels, as were
prevalent coronary artery disease, stroke, and peripheral vascular disease. Self-reported
asthma and current smoking were also associated with a greater likelihood of low KCCQ
scores (Table 1).

The level of the KCCQ overall score was portrayed as a function of eGFRcrea, eGFRcys
and hemoglobin in Figures 2a—2c. Below an eGFRcrea of approximately 50 ml/min/1.73m2,
reduced kidney function was associated with lower KCCQ score. The association of reduced
kidney function and lower KCCQ score was much more linear when eGFRcys was used.
Hemoglobin levels were inversely associated with KCCQ score below a level of about 15 g/
dL. The correlations with the overall KCCQ score were 0.19 (p < 0.001) for eGFRcrea, 0.28
(p< 0.001) for eGFRcys, and 0.28 (p< 0.001) for hemoglobin, and were similar for each
KCCQ domain.

The prevalence of clinically significant symptoms (KCCQ< 75) was higher among
participants with lower eGFRcrea, ranging from 20% to 35% (Figure 3a); this association
appeared more incremental by eGFRcys categories (Figure 3b). After multivariate
adjustment, the association of eGFRcreat < 30 ml/min/1.73m?2 was attenuated, but remained
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statistically significant. Intermediate categories of eGFRcrea were not significantly
associated with heart failure-related symptoms after multivariate adjustment (Table 2), and
the association of eGFRcrea < 30 ml/min/1.73m?2 was no longer significant in the restricted
analysis. Categories of eGFRcys had stronger associations with KCCQ <75; in the
multivariate analysis, eGFR < 30 ml/min/1.73m?2, 30-40 ml/min/1.73m?2, and 40-50 ml/min/
1.73m2 were all significantly associated with the outcome.

Hemoglobin levels also had strong associations with heart failure-related symptoms, with a
more than doubling in prevalence from higher to lower hemoglobin levels (Figure 3c).
Although largely attenuated by multivariate adjustment, hemoglobin levels below 13 g/dL
remained independently associated KCCQ <75 (Table 3). This finding was not attenuated by
the restricted analysis.

In the full multivariate model, Black race was associated with KCCQ <75 (Table 4). Higher
BMI categories had the strongest associations with symptoms characteristic of heart failure,
particularly for persons with BMI>35. Diabetes, coronary artery disease, and peripheral
vascular disease were each independently associated with the outcome, as were current
tobacco smoking and asthma. When participants who reported smoking or asthma were
excluded, the other covariates were strengthened, particularly the BMI categories.

DISCUSSION

Among CRIC participants with moderate to severe CKD, we assessed symptoms
characteristic of heart failure - dyspnea, fatigue, and edema - among those who did not
report a prior diagnosis of heart failure. To assess these symptoms, we used the KCCQ), a
well-established instrument for monitoring the burden of heart failure-related quality of life,
but we modified it to make the instrument applicable to persons without a heart failure
diagnosis. The most striking finding of this study was the high prevalence of symptoms
characteristic of heart failure, which remained even after excluding persons with asthma or
current smoking. Over one-fourth of the cohort had a KCCQ score below 75, which is a
threshold that has been used in clinical trials of established heart failure to denote at least a
moderate burden of symptoms. Lower levels of eGFRcys and hemoglobin were
independently associated with a higher likelihood of clinically significant symptoms, as
were obesity, diabetes, and prevalent cardiovascular disease. During follow-up in CRIC, we
will evaluate the extent to which the KCCQ score portends future diagnosis and
hospitalization for heart failure.

CKD and heart failure commonly co-exist as each condition is a risk factor for the other.
Among the adverse cardiovascular disease outcomes linked with CKD, the strongest
association is consistently with heart failure.18 CKD complicates the management of heart
failure, and is among the strongest predictors of adverse outcomes and mortality in acute
decompensated or chronic heart failure.1” This challenging clinical scenario of co-existing
CKD and heart failure has been labeled the “cardio-renal syndrome.”18 Despite general
recognition that heart failure is a major complication of CKD, no systematic approach has
been developed for detecting the clinical syndrome of heart failure in CKD patients.
Because we suspected that heart failure symptoms would be common in CKD patients, we
designed and implemented this survey assessment in CRIC.

To our knowledge, this is the first study designed to evaluate the prevalence of symptoms
characteristic of heart failure and their clinical correlates in persons with CKD without
known heart failure. Prior studies have found CKD to be associated with reduced general
health status and health-related quality of lifel®, but have not specifically evaluated the
characteristic symptoms of heart failure. Our rationale for applying a heart failure instrument
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to a CKD population was that heart failure often develops insidiously, particularly in
persons with other chronic diseases like CKD, diabetes, obesity, and cardiovascular disease.
Based upon the low KCCQ scores observed in our study and the known high incidence of
clinical heart failure in CKD patients, a targeted screening for symptoms of heart failure
may be warranted in clinical practice. We believe that these symptoms indicate the presence
of early heart failure in many of our participants.

The challenge, however, in interpreting our results is that we cannot be certain whether the
substantial burden of symptoms reported in this study is attributable to undiagnosed or
impending heart failure, to the participants’ underlying CKD, or to another chronic
condition. Although fluid retention and fatigue are common in persons with CKD, dyspnea
is not a hallmark symptom; in fact, half of CRIC participants reported minimal if any
symptom burden despite having advanced CKD. In our study, most of the risk factors for
low KCCQ scores are known risk factors for clinical heart failure. As we hypothesized, both
lower eGFR and hemoglobin levels had independent associations, as did obesity, diabetes,
and prevalent cardiovascular disease conditions. On the other hand, the associations of
smoking and asthma with low KCCQ scores are likely attributable to their direct effects on
dyspnea, rather than an association with heart failure risk. For that reason, we validated our
findings after excluding persons with smoking or asthma. A major objective of CRIC
follow-up will be to determine the strengths of association for each of these risk factors with
the development of clinical heart failure.

A major strength of this study is the application of a novel symptom assessment tool to a
large, multi-center, well-characterized and diverse cohort of persons with established CKD.
This study does have important limitations that should influence the interpretation of our
findings. Most importantly, as mentioned above, the modified KCCQ instrument assesses
symptoms that are characteristic, but not specific, to heart failure. Only after longitudinal
follow-up will we know the extent to which the low KCCQ scores are a harbinger of risk for
clinical heart failure. A second limitation is that prevalent heart failure was assessed by self-
report, so some participants may have been inappropriately classified as not having heart
failure. The focus of this analysis was on symptoms of heart failure. A third limitation is that
our study did not have serological predictors of heart failure, such as BNP; however, BNP is
not an established screening test for heart failure in this population. In future years, we hope
to compare the strengths of association among the KCCQ scores and BNP levels as
predictors of incident heart failure. Our hypothesis is that the KCCQ score will be at least as
strong as BNP, and likely stronger.

In conclusion, we observed a remarkable burden of symptoms characteristic of heart failure
in a CKD cohort without prior diagnosis of heart failure. Several risk factors for heart failure
were also associated with a greater likelihood of advanced heart failure symptoms, including
lower eGFR and hemoglobin, obesity, diabetes, and prevalent cardiovascular disease. Future
studies will evaluate the KCCQ as a predictor of future heart failure risk in CRIC. If
validated as an indicator of early heart failure symptoms, the KCCQ could be a useful
clinical tool to monitor the risk and progression of heart failure in persons with CKD.
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Figure 1a: Distribution of KCCQ Score among CRIC Participants without Self-Reported Heart Failure
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Figure 1a and 1b: Distribution of KCCQ Score among CRIC Participants without and with

Self-Reported Heart Failure
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Figure 2a-2c: Joint Associations with KCCQ Overall Score of creatinine-based estimated

GFR (Figure 2a), cystatin C-based estimated GFR (Figure 2b), and hemoglobin levels

(Figure 2c)
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Figure 3a: Proportion with KCCQ Score <75, by Creatinine eGFR
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Figure 3c: Proportion with KCCQ Score <75, by Hemoglobin
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Figure 3a-3c: Proportion with KCCQ Score <75, by Categories of Creatinine eGFR (Figure

3a), cystatin C eGFR (Figure 3b), and hemoglobin (Figure 3c)
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Baseline Characteristics of CRIC Participants without Prevalent Heart Failure by KCCQ Categories

Table 1

Characteristic KCCQ <75N=725 KCCQ 75-100 N=2158 p-value
Age 59.6 (9.7) 59.1 (11.3) 0.297
Female sex 410 (56.6%) 912 (42.3%) <.0001
Race

White 277 (38.2%) 1212 (56.2%) <.0001

Black 414 (57.1%) 824 (38.2%)

Other 34 (4.7%) 122 (5.7%)
Hypertension 675 (93.4%) 1856 (86%) <.0001
Diabetes 411 (56.7%) 825 (38.2%) <.0001
Coronary Artery Disease 195 (26.9%) 347 (16.1%) <.0001
Stroke 109 (15%) 169 (7.8%) <.0001
Peripheral Vascular Disease 86 (11.9%) 100 (4.6%) <.0001
Current Smoking 137 (18.9%) 220 (10.2%) <.0001
Asthma 148 (20.4%) 219 (10.1%) <.0001
Body Mass Index (BMI) (kg/m?)

<27 113 (15.9%) 703 (32.7%) <.0001

27-<30 97 (13.7%) 429 (20%)

30-<35 159 (22.4%) 557 (25.9%)

>35 341 (48%) 460 (21.4%)
LDL-cholesterol (mg/dL) 99.0 (35.5) 100.6 (33.6) 0.279
HDL-cholesterol (mg/dL) 47.3 (15.2) 50.0 (16.0) <.0001
Hemoglobin (mg/dL) 12.4 (1.8) 13.1(1.7) <.0001
eGFRcrea (ml/min/1.73m?) 39.8 (15.9) 43.1(14.1) <.0001
eGFRcys (ml/min/1.73m?2) 49.0 (19.3) 57.9 (22.5) <.0001

LDL= low density lipoprotein
HDL-= high density lipoprotein
eGFRcreat= estimated GFR by creatinine

eGFRcys= estimated GFR by cystatin C
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Table 2

Associations of Estimated GFR categories with Advanced Heart Failure Symptoms in Logistic Regression
Analyses

1duasnuey Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

Estimated GFR (ml/min/1.73m?2)

>50 40-50 30-40 <30

Creatinine

Unadjusted OR 1.0 (ref)  1.18 (0.93-1.50)  1.27 (1.00-1.63)  2.10 (1.66-2.65)

Adjusted ORL 10 (ref)  1.05(0.80-1.38) 103 (0.77-137)  1.53 (1.14-2.05)

Adjusted OR2 ~ 10(ref) 109 (0.78-151) 108 (0.76-153)  1.37 (0.96-197)
Cystatin C

Unadjusted OR 1.0 (ref)  1.55(1.23-1.95)  2.08 (1.66-2.60)  2.64 (2.05-3.40)

Adjusted OR 1.0 (ref)  1.38(1.06-1.78)  1.39(1.09-1.82)  2.15 (1.54-3.00)

Adjusted ORZ 10 (ref) 154 (1.13-211) 156 (1.12-2.18) ~ 2.09 (1.38-3.15)

2 — .
excludes persons with history of asthma or current smoking
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Table 4
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Characteristics independently associated with advanced heart failure-related symptoms among persons with

CKD

Unadjusted OR

Adjusted OR!

Adjusted OR?

Female sex
Race
White
Black
Other
BMI
<27
27- <30
30- <35
>35
Current smoker

Asthma

Coronary Artery Disease

Diabetes

Peripheral Vascular Disease

1.78(1.50- 2.11)

1.0 (ref)
2.20 (1.84-2.62)
1.22 (0.82-1.82)

1.0 (ref)
1.41 (1.05- 1.89)
1.78 (1.36- 2.32)
461 (3.62- 5.88)
2.05 (1.63- 2.59)
2.27 (1.81-2.85)
1.92 (1.57- 2.35)
2.11 (1.78- 2.51)
2.77 (2.05- 3.75)

1.45 (1.17-1.79)

1.0 (ref)
1.42 (1.15-1.76)
1.53 (0.97-2.43)

1.0 (ref)
1.52 (1.10- 2.10)
1.78 (1.33- 2.38)
3.99 (3.03- 5.27)
2.25 (1.71- 2.95)
2.02 (1.55- 2.64)
1.77 (1.41- 2.23)
1.35 (1.10- 1.66)
2.29 (1.61- 3.26)

1.57 (1.21- 2.04)

1.0 (ref)
1.61 (1.25-2.09)
1.82 (1.07-3.11)

1.0 (ref)
1.69 (1.10- 2.59)
2.44 (1.67- 3.55)
5.56 (3.89— 7.96)

N/A

N/A
1.84 (1.39- 2.43)
1.36 (1.06- 1.75)
2.98 (1.96- 4.53)

adjusted for sex, race, current smoking status, coronary artery disease, diabetes, asthma, peripheral vascular disease, hemoglobin, BMI and

clinical site

2 T .
excludes persons with history of asthma or current smoking

J Card Fail. Author manuscript; available in PMC 2012 January 1.



