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Abstract: Background & aims: Heart failure (HF) is associated with significant morbidity and mortality, the prognosis of
heart failure is poor, especially with coexisting chronic kidney disease (CKD). However little is known about how HF and
CKD together influence the nutritional status, so the main objective of this study was to assess nutritional status in patients
with heart failure coexisting with stage 1-5 renal disease. Methods: This retrospective study included a total of 113 patients
with HF and CKD that were classified into stages 1-5 according to the Kidney Disease Outcome Quality Initiative
(K/DOQI) guidelines. The following characteristics were recorded: co-morbidities, New York Heart Association (NYHA)
functional class, echocardiographic data, medication, and biochemical parameters (albumin, hemoglobin and electrolytes).
Nutritional status was evaluated by bioimpedance vector analysis (BIVA) and subjective global assessment (SGA). Results:
In the nutritional status evaluation by BIVA, 53.1% were cachectic, 23.9% obese and 21.12% normal. The prevalence of
cachexia is higher with advancing stages of CKD, while hand grip strength, arm and waist circumferences decreased. In
SGA 79.8% had a normal nutritional status, 16.8% mild malnutrition and 2.7% moderate-severe malnutrition.
Hypoalbuminemia was presented in 22.5% of subjects, most commonly found in stages 1, 4 and 5; the prevalence of
anemia was 47.2% and also increased with advancing stages of CKD, showing a prevalence of 13.3% in stage 1 and 100%
stage 5. Conclusions: The prevalence of cachexia was higher in stages 3-5 of CKD, mild to severe malnutrition in stages 4
and 5, and anemia in stage 5, so HF and advanced CKD are associated with deteriorating nutritional status.
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other cytokines that participate in the catabolism process,
with subsequent loss of weight. (3) Inflammation and
muscle wasting are also prevalent in patients with chronic
kidney disease and worsen as kidney failure progress. (4)
However, little is known about how HF and chronic

1. Introduction

The coexistence of heart failure (HF) and chronic kidney
disease (CKD) result in an increased morbidity, mortality
and healthcare-related costs compared to any of these organ

failures alone; both HF and CKD share co-morbidities that kidney d.iSGE.lSG together influence the nutritional status.(5)
complicate their evolution, regardless of the initial The Subjective Global Assessment (SGA) has been used to

pathology. (1, 2) evaluate the nutritional status of chronic dialysis (6) and

It is known that in HF, the nutritional status is affected by ~ heart failure patients, (7) but SGA does not directly assess
different factors such as decrease food ingestion secondary ~ 0dy hydration. In HF and CKD patients, the evaluation of
to anorexia and metabolic changes mediated by nutritional status may be biased because of the changes in
inflammatory and neurohormonal activation that includes, ~ th¢ body hydration. Indeed, at physical examination, the
release of the tumor necrosis factor alpha (TNF-) and ~ S3me soft tissue mass can be increased or decreased by
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different hydration levels. Piccoli et al have demonstrated
that bioimpedance vector analysis (BIVA) has the potential
for the combined evaluation of hydration and nutrition.(6)
Thus, BIVA has been used as a method for nutritional
assessment in different studies for the determination of
body composition in patients with HF or CKD. (8,9)

The main objective of this study was to assess the
nutritional status by BIVA and SGA in patients with heart
failure and renal disease from stages 1-5 classification
according to the Kidney Disease Outcome Quality
Initiative (K/DOQI) guidelines.

2. Patients and Methods

Patients attended to the Heart Failure Clinic at the
Instituto Nacional de Ciencias Médicas y Nutricion
“Salvador Zubiran” (INCMNSZ) in Mexico City were
studied retrospectively. They were considered eligible for
study inclusion if they were > 18 years old and had a
confirmed diagnosis of HF by echocardiogram, defined as
systolic or diastolic HF, according to the ESC criteria (10)
and CKD according to glomerular filtration rate measured
by the modification of diet in renal disease equations
(MDRD). Subjects were excluded in cases of pregnancy,
enrollment in other clinical trials, cerebral vascular event or
transient ischemic attack during the past 3 months before
enrollment, malfunctioning cardiac valve, obstructive
hypertrophic cardiomyopathy, non-corrected congenital
heart disease, acute myocarditis and if they had been
diagnosed rheumatoid arthritis, cancer, history of
amputations or loss of one kidney. The present study was
performed in accordance with the Declaration of Helsinki
content and Good Clinical Practice Guidelines.

2.1. Clinical and Body Composition Evaluation

Co-morbidities, medical treatment, NYHA functional
class assessment, heart rate, systemic pressure, signs and
symptoms related to HF were recorded. All patients
underwent a Doppler-echocardiography study using
Hewlett Packard Sonos 5500 equipment with M-mode, two
dimensional and Doppler images in parasternal long and
short axis and two and four chamber apical views to assess
the cardiac function. All these evaluations were performed
by a cardiologist blinded to the study groups.

Weight, height, waist, hip and arm circumferences were
measured in accordance with the Lohman (1991) manual
reference of anthropometric standardization; all subjects
wore light clothing and were barefoot. Body mass index
was calculated by dividing the total body weight (kilograms)
by the height squared (meters). The SGA was carried out
using the protocol developed by Detsky et al. (11) It relies
on the patient's history regarding weight loss, dietary intake,
gastrointestinal symptoms, functional capacity, and
physical signs of malnutrition (loss of subcutaneous fat or
muscle mass, edema, ascites). Patients were evaluated by
one operator and classified as (1) well nourished, (2)
moderate or suspected malnutrition, and (3) severe

malnutrition. Since subgroups were small, we only report
the frequency of malnourished patients.

Handgrip strength was measured as indicator of muscle
function using the Smedley Hand Dynamometer (Stoelting,
Wood Dale, UK). Patients were instructed to apply as much
handgrip pressure as possible by using their dominant hand.
The measurements were repeated twice, and the highest
score was recorded in kilograms. (12)

Whole-body bioelectrical impedance was measured in
the morning using tetra polar and multiple-frequency
equipment (BodyStat QuadScan 4000, Bodystat Ltd.; Isle
of Man, UK). All measurements were made according to
the tetra polar method reported in the existing literature. (13)
The impedance values were obtained at frequencies of 5, 50,
100, and 200 kHz. The 50 kHz frequency was selected
because it is the standard frequency used for bioelectrical
impedance vector analysis to obtain resistance (R50) and
reactance (Xc50). Phase angles were obtained by the
Bodystat® Phase Angle Software Program (version 1.0).
Patients were classified according to their phase angle and
<4.2° was considered high risk of malnutrition. (14) The
R50 and Xc50 were standardized for height (H) to obtain
the impedance vector Z/H, which is represented in the RXc
graph (abscissa R/H, ordinate Xc/H). (15,16) For the
evaluation of the vector within groups, mean vector
components (R/H and Xc/H) were plotted on the gender-
specific 50%, 75%, and 95% tolerance ellipses calculated
in the Mexican reference healthy population as an RXc
graph. (17) The gender-specific RXc graph was divided
into four sectors. Patients with vectors out of the 75%
tolerance ellipse of the reference population at the lower
right quadrant were classified as cachectic, at the lower left
quadrant as obese.

The whole-body impedance ratio at 200 kHz to that at 5
kHz (Z200/Z5) was also obtained as an indicator of water
distribution and total body water and extracellular water in
liters and percentages were obtained.

2.2. Biochemical Measures

Blood samples were collected for determination of serum
levels of glucose, creatinine, urea, urea nitrogen, albumin,
hemoglobin, hematocrit, sodium, potassium, chloride,
calcium, phosphorus and magnesium. Anemia was
diagnosed from hemoglobin (women: <I12g/dL, men
<14g/dL) and hematocrit (women: <35%, men: <42%) and
hypoalbuminemia with albumin levels <3.5 g/dL.

Estimated glomerular filtration rate (eGFR) was
calculated by the six-variable Modification of Diet in Renal
Disease (MDRD) equation eGFRMDRD=198 x [SCr]*%*
x [Age]™'®" x [0.822 if patient is female] x [1.178 if patient
is black] x [SUNT*** x [UUNT**_ (18)

The classification of stages of chronic kidney disease
was made according to the Kidney Disease Outcome
Quality Initiative (K/DOQI) guidelines in patients with
kidney damage or decreased renal function during at least 3,
classifying patients into five stages of CKD. (19)
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2.3. Statistical Analysis

All analyses were performed with commercially
available software (SPSS 17.0 for Windows, SPSS, Inc.,
Chicago, IL, USA). Continuous variables were expressed
as mean * standard deviation, and categorical variables
were presented as absolute and relative frequencies. For the
comparison of continuous variables among K/DOQI stages,
one-way analysis of variance (ANOVA) was used, and for
categorical variables, the Pearson chi-square test was used.
An analysis of covariance (ANCOVA) was made to control
the difference in age between groups. A p value <0.05 was
considered statistically significant.

From 104 patients (60.2% men) included in the present
study, 18 (15.9%) were classified as K/DOQI 1, 32 (28.3%)
as K/DOQI 2, 34 (30.1%) as K/DOQI 3, 13 (11.5%) as
K/DOQI 4, and 16 (14.2%) as K/DOQI 5.

The most frequent co morbidities were hypertension,
type 2 diabetes, and ischemic heart disease, with no
differences in prevalence among stages. The most common
clinical signs were fatigue in stages 1 and fluid retention in
stage 5, and less frequently, decubitus intolerance in stages
1, 2, 4 and 5, while in the stage 3 a lower prevalence was
fluid retention was observed. Anorexia was present in 33%
(n=15) of subjects, being higher in stage 4 with a
prevalence of 46.2% and lower in stage 3 with a prevalence
0f2.9%. (Table 1)

3. Results
Table 1. Clinical and cardiologic data of patients with HF and CKD classified according to KDOQI stage
Stage 1 Stage 2 Stage 3 Stage 4 Stage 5
Variable GFR (90-130ml/min) GFR (60-89ml/min) GFR (30-59ml/min) GFR (15-29ml/min) GFR (<15ml/min) p
n=9 n=32 n=34 n=13 n=16
Male gender, n (%) 9 (100) 16 (50) 23 (67.6) 7 (53.8) 8 (50) 027
Age (year) 53.05+17.59 68.8110.52 68.82+13 44 74.23+16.55 47.06+22.15 <0.0001
Obesity, n (%) 6 (66.7) 12 (37.5) 12 (35.3) 1(7.7) 4(25) 0.08
Hypertension, n (%) 6 (66.7) 21 (65.6) 27 (79.4) 10 (76.9) 15 (93.8) 0.16
Diabetes, n (%) 5 (55.6) 16 (50) 16 (46.2) 5(31.3) 5(31.3) 0.81
Cardiovascular
o (08 4 (44.4) 15 (46.9) 18 (52.9) 8 (61.5) 6 (37.5) 0.62
Dyslipidemia, n (%) 3 (33.3) 13 (40.6) 11 (32.4) 3(23.1) 3 (18.8) 0.56
Ef;"’thym‘dlsm’ "o 7(21.9) 7 (20.6) 4(30.8) 7 (43.8) 035
0
Dyspnea, n (%) 5 (55.6) 12 (37.5) 9 (26.5) 7(53.8) 6 (37.5) 0.52
Decubitus
intolorance, n %) 2 @3 11 (34.4) 7 (20.6) 4(30.8) 5(31.3) 0.79
Fluid retention, n (%) 4 (44.4) 12 (37.5) 6 (17.6) 6 (46.2) 10 (62.5) 0.03
Fatigue, n (%) 9 (100) 19 (59.4) 16 (47.1) 9 (69.2) 8 (50) 0.11
Anorexia, n (%) 2(22.2) 4(12.5) 1(2.9) 6 (46.2) 2(12.5) 0.004
SEILI s 118.88+17.63 122.59+17.24 121.29+18.79 110.61£14.19 146.25+26.80 <0.0001
pressure (mmHg)
UL 73.33+11.18 75.81425.00 70.58+11.01 69.07+9.58 85.62+13.14 0.03
pressure (mmHg)
Heart rate (Lpm) 70.00+13.11 67.31=10.08 69.26:12.95 71.07+10.05 74.12+10.66 033
Ejection fraction (%) 40.77+17.77 45.90+18.74 47.38+17.41 45.18+16.54 55.26:9.63 0.50
(\:ZII‘:SC“I“ SCPIUM 5 66:2.17 11.56:2.15 11.3641.90 11.0041.90 13.40+3.52 0.045
Posterior wall (mm)  11.11=1.83 11.78+2.97 10.60+1.99 10.75+1.81 12.6043.33 0.05
zflf;;‘mal BECITE s 42.46+7.02 42.21+8.06 44.58+11.82 43.80+7.74 0.89
Pulmonary Artery o5 1)1 16,42 44,59+16.12 42.44+16.65 46.81+19.82 40.53+14.57 0.78
Pressure (mmHg)
NYHA n (%)
[ 2 (25.0) 19 (59.4) 23 (67.6) 4(30.8) 7 (43.8)
10 4 (50.0) 12 (37.5) 9 (26.5) 5 (38.5) 6 (37.5) 0.10
M-IV 2 (25.0) 13.1) 2(5.9) 4(30.8) 3(18.8)
Beta blockern (%) 8 (89.9) 30 (93.8) 29 (85.3) 9 (69.2) 14 (87.5) 039
ACEDs, n (%) 4 (44.4) 17 (53.1) 8 (23.5) 7 (53.8) 2 (12.5) 0.03
ARA’s, 1 (%) 4 (44.4) 11 (34.4) 24 (70.6) 5(38.5) 13 (81.3) 0.005
RML n (%) 6 (66.7) 19 (59.4) 25 (73.5) 7(53.8) 12 (75.0)
Diuretic, n (%) 6 (66.7) 13 (40.6) 18 (52.9) 10 (76.9) 7 (43.8)
Nitrate, n (%) 4 (44.4) 10 (31.3) 16 (47.1) 10 (76.9) 5(31.3) 0.06

ACEI's= Angiotensin converting enzyme inhibitors; ARA’s= Angiotensin receptor antagonists; RMI= Receptor of Mineralocorticoids Inhibitor. Data are

expressed as mean + SD or as n (%)
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Patients in stage 5 had higher blood pressure than those
in the other groups. Similarly, they had increased thickness
of the ventricular septum and posterior wall. The functional
class of patients was: NYHA-I, 55.4%, NYHA 11, 33.9%
and NYHA III-IV, 10.7%. The last was more frequent in

stages 1 and 4. (Table 1)

Angiotensin receptor antagonists were the drugs most
often used in total population, while ACEI’s were used less
frequently in stage 5.

Table 2. Anthropometric and biochemical data of patients with HF and CKD classified according to KDOQI stage

Stage 1 Stage 2 Stage 3 Stage 4 Stage 5
Variable GFR (90-130ml/min) GFR (60-89ml/min) GFR (30-59ml/min) GFR (15-29ml/min) GFR (<15ml/min) p
n=9 n=32 n=34 n=13 n=16

Weight (k) 86.420.8 76.1420.2 70.317.6 62.0+12.8 63.5+9.8 0.001
Height (cm) 164.1+8.8 159.2+8.3 160.111.5 154.8+11.4 158.9+10.3 0.16
Body mass index 31.947.1 29.947.0 28.045.6 25.6£5.6 25.5+4.3 0.010
(kg/m”)
zﬁ‘;‘ignp strength 5 9493 272487 26.648.6 227487 22.6£7.9 0.06
‘(c“mm) circumference 5, 5165 31.3%5.0 30.343.8 26.7+4.5 26.943.2 0.001
th circumference 55,159 99.6+17.2 98.6+15.4 93.1£10.2 89.8+11.7 0.009
g‘rfl)“rcumference 107.8+15.7 105.3£14.6 102.9412.8 97.4+8.7 97.0£12.0 0.08
Impedance index 0.8120.03 0.820.04 0.83+0.03 0.86:£0.05 0.85+0.03 <0.0001
Total body water (%) 50.0+8.6 50.8+8.7 54.3+7.1 60.1+9.6 58.6+8.6 0.001
E;‘;rmuular Water 5425 23.142.9 24.042.9 270434 26.6+3.0 <0.0001

0
Phase angle, (°) 54411 52+097 51+13 3.8+13 42412 <0.0001
f;‘a;se angle<42,n 5 11y 6 (18.8) 9 (26.5) 10 (83.3) 8 (50) <0.0001

0
Glucose (mg/dL) 136.77+59.84 114.96+32.44 120.64+62.12 124.23+67.54 98.68+32.28 0.161
Creatinine (mg/dL)  0.9178+.1106 1.011+.2067 1.515£.377 2.515+.9205 10.289+6.3594 0.000
Urea (mg/dL) 37.07£14.26 42,059 41 67.53+25.65 96.22+48.63 136.86£50.16 0.000
Urea nitrogen 21.04+10.10 19.65+4.39 30.96+13.19 44.96+22.72 64.18+23.77 0.000
(mg/dL)
Glomerular
Filtration Rate 106.91+11.54 70.45+7.91 45124991 24.57+4.71 7.63+3.96 0.000
(mg/dL)
Albumin (g/dL) 3.34+.75 423+57 4.08+.43 3.57+.66 3.57+.79 0.003
Hemoglobin (g/dL)  15.76+3.84 13.7842.52 14.02+1.72 11.18+2.00 10.18£2.00 0.000
Hematocrit (%) 47.88+12.27 40.71%7.09 41.80+4.81 33.70+6.11 30.00+£5.97 0.000
Sodium (mmol/L)  138.44+4.97 138.8043.54 138.7243.54 136.61+2.81 138.6243.61 0.549
Potassium (mmol/L)  4.314.51 4.62+44 4.88+51 479478 4.99+.93 0.011
Chlorine (mmol/L)  100.66+4.27 104.033.6 105.33+3.59 103.07+3.14 101.94+4.59 0.013
Calcium (mmol/L)  9.00+.41 9.55+.74 9.63:+.48 8.62+.61 8.33+1.42 0.000
B 3.88+.51 3.30+.58 3.36+.62 3.76+.80 527+1.9 0.000
(mmol/L)
Magnesium 1.76£.20 2.09+25 1.93+.25 2.23+48 2.34+39 0.001
(mmol/L)

Data are expressed as mean + SD or as n (%)

Anthropometric and biochemical data are presented in
Table 2. They show that weight, BMI, handgrip strength,
arm and waist circumference, were lower in stages 4 and 5
in comparison with 1-3 stages of CKD; in contrast,
impedance index, percentage of total and extracellular
water, were higher. These differences were statistically
significant even after adjusting for age.

The phase angle was used as an indicator of risk of
malnutrition, taking as a point of reference values <4.2°. Of
the total population 31.3% were at risk of malnutrition. The
risk of malnutrition in higher with advancing stages, with

the lowest prevalence in stage 1 with 11.1%, up to stage 4,
with 83.3%, decreasing in stage 5 to 50%. (Table 2)
Biochemical data are summarized as follows: in stage 1
were observed the higher glucose levels, while in stage 5,
the levels were lower. Creatinine, urea and urea nitrogen,
matched with KDOQI stage classification according to the
GFR. As regards electrolytes, phosphorus was higher in
stage 5, magnesium levels were lower in stage 1 compared
with stages 2-5, and the remaining electrolytes were within
normal parameters.
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Figure 1. Body composition (BIVA) and nutritional status by SGA of
patients with Heart Failure and Renal Disease classified according to
KDOQI stage.

According to the results of body composition analysis,
53.6% showed cachexia, while 23.8% were obese and only
22.1% were within normal parameters of all patients. In the
body composition analysis for each stage, where a greater
prevalence of cachexia occurred in stages 3 to 5. (Figure 1)
The prevalence of obesity was lower in stage 3 (14.7%) but
higher in stage 1 (33.3%). With respect to the nutritional
status classification, according to the SGA score, 79.8%
(n=83) of the total sample had normal nutritional status,
followed by 20.2% (n=21) with malnutrition. There was no
presence of moderate and severe malnutrition in stages 1, 2
and 3. However, moderate malnutrition was observed in
stages 4 and 5, with severe malnutrition only in stage 5.
The prevalence of malnutrition was higher in stage 4 and 5
compared with stages 1 to 3, p=0.06. (Figure 1)

60

0 44.4

Stage 1

Stage 2 Stage 3 Stage 4 Stage 5

Figure 2. Frequency of hypoalbuminemia in patients with heart failure
and renal disease classified according to KDOQI stage

Hypoalbuminemia was diagnosed in 23.5% (n= 16) of
subjects. It was most commonly in stage 4 and less in stage
3, p=0.02 (Figure 2). The prevalence of anemia was 50.6
(n=42) increasing with advancing stages: 100% in stage 5
and 13.3% in stage 1, p<0.0001. (Figure 3)

120

Stage 4

Stage 5

Figure 3. Prevalence of anemia in patients with heart failure and renal
disease classified according to KDOQI stage

4. Discussion

Our results demonstrate the close relationship between
worsening renal function and increased liquid retention,
systolic and diastolic blood pressure, NYHA functional
class III-IV, cardiac remodeling (hypertrophy), decreased
handgrip strength, lower BMI, arm and waist
circumference, lower phase angle and higher prevalence of
anemia and cachexia in HF patients, regardless of age.

The protein-energy wasting present in cachexia is
common in HF and CKD and is characterized by the
protein loss (muscle mass) and energy (fat mass) reserves
(20). This may be reflected in weight loss and body
circumferences, as shown in BMI data and arm, waist and
hip circumferences, which decrease as renal function
progress. Another suitable parameter in the evaluation of
muscle mass loss is handgrip strength, which aside from
being a parameter for assessing the nutritional status is a
predictor in HF and renal disease. Although the results are
not statistically significant, it is known that the handgrip
strength decreases in advanced stages of both kidney
disease and heart failure. (21-23)

There is evidence of the relationship of phase angle and
the nutritional status, similar to which Segall, et al.
presented in 2009, where decreased phase angle values
were associated with poor nutritional status in hemodialysis
patients. (24) In another study, in heart failure patients,
Colin-Ramirez, et al. found that a phase angle <4.2° as a
parameter of malnutrition, was associated with poor
prognosis in this kind of patient. In the present study we
found that the frequency of patients with phase angle <4.2°,
was higher in stage 1 to stage 4, improving slightly in stage
5, which may be due to the implementation of the dialysis,
meaning that the body composition evaluation allows better
discrimination among the CKD stages.

In the present study there was a higher prevalence of
cachexia in all stages, increasing with decreasing GFR.
This, confirmed the results found for handgrip strength and
phase angle, that a loss of muscle mass and nutritional
status deterioration are more prevalent with advancing
stages of CKD. It seems that the protein-energy wasting is
due to stress imposed by the coexistence of advanced renal
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and heart disease. (22)

The diagnosis based on SGA, also confirms that the
prevalence of malnutrition is higher in more severe states
of CKD. However, the prevalence did not match the body
composition data, perhaps because SGA is a method where
malnutrition can be underestimated. (7)

Although hypoalbuminemia has been considered as part
of malnutrition in HF and CKD patients, it could be also
explained as volume overload, inflammation, proteinuria,
renal disease and right heart failure. Indeed, its presence in
overweight and obesity patients should be considered to
reflect more than inappropriate food intake. (25) Moreover,
hypoalbuminemia occurred more often in stages, 1, 4 and 5,
and these results are consistent with the prevalence of right
heart failure, but may also result from other different
mechanisms that mentioned above.

Anemia, like other nutritional parameters evaluated in
this research, was higher in more severe stage of CKD, and
was found in 100% of cases in stage 5. The prevalence of
anemia in the literature is variable depending on the
population studied, Souza, et al. (26) reported a prevalence
of 55% in stage 5, while Borges, et al. had similar results to
those present study 100% of anemia in stage 5. (27)

Our study had some limitations, it included a small
sample size of selected patients, and it was a cross-sectional,
single-center study. These factors may limit the ability to
generalize the results observed in this study. However, our
findings are particularly encouraging and should serve as a
basis for future investigations including larger samples,
aimed at enhancing the evaluation of heart failure patients
with chronic kidney disease.

5. Conclusions

The impairment of renal function was associated with
water retention, higher systolic and diastolic blood pressure,
NYHA functional class III-IV (stages 4 and 5), cardiac
remodeling (hypertrophy), prevalence of anemia (stage 5)
and cachexia (stages 3-5), plus SGA malnutrition (stage 4
and 5) in HF patients, and lower phase angle regardless of
age.

HF and CKD deteriorate the nutritional status of patients
and should be monitored by BIVA together by a
multidisciplinary team.
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