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Malnutrition in patients admitted to in-hospital cardiac rehabilitation:
Clinical correlates and association with mortality
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Abstract

Malnutrition is highly prevalent among hospitalized patients;
thus, an accurate identification of malnutrition could improve the
outcome of these patients. The aim of the present paper was to
apply multiple methods to evaluate the prevalence of malnutrition
and clinical correlates in patients admitted to in-hospital cardiac
rehabilitation. We performed a prospective study of 426 patients
admitted to in-hospital cardiac rehabilitation: 282 (66.2%) had
undergone a major cardiac surgery and 144 (34.8%) had experi-
enced heart failure. The albumin level and mini nutritional assess-
ment (MNA) scores were applied to evaluate the nutritional status
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of these patients. Serum albumin levels were < 3.5 g/dl in 147
(34.5%) patients, and MNA scores were < 24 in 179 (42.0%)
patients. Patients with malnutrition or a risk of malnutrition had
lower haemoglobin values, lower EuroQol scores and poorer func-
tional status. Female gender, age, functional status and cumulative
illness rating scale severity were predictors of malnutrition. Over
a median follow-up of 47 months, MNA scores <24 were associ-
ated with higher mortality, even after correction for confounding
variables. In conclusion, in patients admitted to in-hospital cardiac
rehabilitation, malnutrition and risk of malnutrition frequently
occur and are associated with poor functional status, higher clini-
cal complication rates and long-term mortality.

Introduction

Cardiac rehabilitation is a comprehensive multifactorial inter-
vention for patients who have experienced a recent myocardial
infarction, heart failure or cardiac surgery. Rehabilitative pro-
grammes involve exercise training, advice on lifestyle modifica-
tions, risk factor management and psychosocial support.

In-hospital rehabilitation is dedicated to patients with a more
severely impaired functional status or high-risk clinical profile; in
this subgroup of patients, which often includes frail and elderly
subjects, compromised nutritional status may affect functional and
clinical outcomes.

The estimated prevalence of malnutrition in hospitalized patients
has been reported at 20-50%; however, in long-term facilities, the
percentage of malnutrition may be as high as 85% [1-4]. Malnutrition
is associated with poor in-hospital outcomes and increased risks of
major and minor complications [5-7]; moreover, malnutrition is cor-
related with increases in direct and indirect costs [8,9].

Notwithstanding its clinical relevance, malnutrition lacks a
common, unified definition, and there is uncertainty regarding the
optimal method for screening and diagnosing malnourished
patients. A variety of methods is available for evaluating malnutri-
tion, but a gold standard has not yet been determined. Tools used
to evaluate nutritional status include anthropometric measures,
questionnaires and laboratory variables. Thus, assessments of
malnutrition prevalence, clinical correlates and prognostic impli-
cations may differ depending on the measurement technique.

The aim of the present paper was to apply the albumin dosage
and mini nutritional assessment (MNA) to evaluate the prevalence
of malnutrition (or risk of malnutrition) and its clinical correlates
in patients admitted to in-hospital cardiac rehabilitation for heart
failure or recent cardiac surgery. We calculated the agreement
between the albumin and MNA results in identifying malnutrition
and evaluated the prognostic value of malnutrition in both heart

failure and cardiac surgery patients.
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Materials and Methods

Study population

We enrolled patients consecutively admitted to the Cardiology
Unit of Fondazione S. Maugeri, Cassano delle Murge, Bari, Italy,
for in-hospital cardiac rehabilitation. We recruited patients who
were >18 years old, with the following inclusion criteria: i) cardiac
surgery within two months prior to admission; or ii) chronic heart
failure with a reduced ejection fraction (evidence of left ventricular
ejection fraction <45%) in NYHA class III-IV. The following
exclusion criteria were applied: active neoplastic disease and
inability to provide informed consent due to cognitive impairment.

At admission, clinical evaluation, echocardiographic examina-
tion, nutritional status evaluation, functional assessment, comor-
bidity evaluation and laboratory measurements were performed for
each patient. Nutritional status was evaluated by anthropometric
measures, MNA and laboratory measurements.

Nutritional status

The MNA is a screening tool aimed at assessing nutritional sta-
tus in elderly patients through 18 questions in 4 areas (basic anthro-
pometrics, dietary intake, global indicators and self-assessed health
status) [10]. Individuals with a score of 2430 are considered to have
anormal nutritional status, a score of 17-23.5 suggests a risk of mal-
nutrition, and a score of <17 identifies malnutrition [11,12].

Albumin levels were determined using a Bromocresol Green
assay kit (Cobas c¢ 311 Clinical Chemistry Analyser, Roche
Diagnostics). According to previous reports, a cut-off level of 3.5
g/dl albumin was used to identify malnutrition [13].

Anthropometric measures

The patients were weighed before breakfast without their
shoes, and the body mass index (BMI) was calculated as [weight
(kg)]/[height (m)]>.

Laboratory

Complete blood counts and creatinine, haemoglobin, albumin,
lymphocyte and serum iron levels were measured. The glomerular
filtration rate (eGFR) was estimated by the Cockcroft-Gault for-
mula. Anaemia was classified according to World Health
Organization criterion of a haemoglobin level lower than 13.0 g/dl
in men and 12.0 g/dl in women, with values of less than 11.0 g/dl
corresponding to moderate-to-severe cases in both sexes [14].

Functional assessment

The functional status at admission was evaluated based on the
6-min walking test (6MWT), which was performed in an indoor
60-m-long corridor, according to the recommendations of the
American Thoracic Society [15]. All patients were instructed to
walk along the corridor from one end to the other at their own pace,
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as many times as possible, in the permitted time. After 6 min had
elapsed, the patients were instructed to stop walking, and the total
distance walked was determined. This test was supervised by a
physical therapist who encouraged the patients in a standardized
fashion at regular intervals.

For patients unable to walk or participate in the 6MWT, the
functional status was evaluated by means of the Barthel index [16].
The Barthel index is based on an ordinal scale for ten activities of
daily living. The score ranges from 0, representing a totally depend-
ent bedridden state, to 100, representing complete independence.

EuroQol

The EuroQol is a measure of self-reported health outcomes,
based on a visual analogue graduated scale (0 to 100) for assessing
health status, ranging from the worst imaginable health state (0) to
the best imaginable health state (100) [17,18].

Cumulative illness rating scale

Pre-existing comorbidities were assessed using the cumulative
illness rating scale (CIRS) [19], which gives a severity score and
comorbidity score. This index is based on the scoring (from 0 to 4)
of disease severity for 14 items corresponding to organs that may
be affected by chronic disease. The CIRS severity score can be cal-
culated as the average of each CIRS item score. The CIRS comor-
bidity score is based on the count of organ systems with moderate-
to-severe impairment.

Follow-up

For patients residing in the Apulia region, the vital status was
ascertained through the regional Health Information System, and
live patients were determined at the end of the follow-up period
(July 315t 2019). Patients from regions other than Apulia were
excluded from survival analyses.

Statistical analysis

The data are shown as the mean value + standard deviation,
and categorical variables are given as frequencies or percentages.
Continuous variables were compared by using Student’s #-test or
the Mann—Whitney U-test for variables with a non-normal distri-
bution. Associations between categorical data were evaluated by y2
or Fisher’s exact test, as appropriate. The percentages of patients
with albumin levels < 3.5 g/dl and MNA scores < 24 points were
calculated to determine the agreement. The Pearson correlation
coefficient was used to measure the strength of linear associations
among variables. Multivariate logistic regression analyses with a
backward stepwise elimination approach were implemented
(p>0.05 for removal) to assess independent determinants of malnu-
trition. The stepwise procedures evaluated the following predic-
tors: age, gender, BMI, heart rate, systolic blood pressure, diabetes,
previous stroke, history of myocardial infarction, oxygen satura-
tion, eGFR, ejection fraction, CIRS severity and comorbidity and
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poor mobility (inability to participate in the 6MWT). For cardiac
surgery patients, we also evaluated the time from cardiac surgery
to admission for rehabilitation, the occurrence of a combined car-
diac surgery and the incidence of early complications during the
hospital stay in which the operation was performed. The odds
ratios (ORs) for malnutrition and corresponding 95% confidence
intervals (95% ClIs) are reported. The model discrimination was
evaluated via the area under the receiver operating characteristic
curve (AUROC). Mortality curves were generated with the
Kaplan-Meier method and were compared based on malnutrition
status using the log-rank test. A Cox proportional hazards model
was evaluated to derive hazard ratios (HRs) with 95% Cls for all-
cause mortality, and p-values <0.05 were considered statistically
significant. The analyses were performed using STATA software,
version 14 (StataCorp, College Station, TX, USAas).

Results

Study population

From September 2014 to April 2016, 426 patients were
enrolled in the study; 144 (34.8%) had experienced heart failure,
and 282 (66.2%) were admitted after cardiac surgery. No patients
died during the hospital stay (20+7 days). For surgical patients, the
duration between admission and rehabilitation was 13+9 days.
Combined cardiac procedures were reported for 43 patients

Table 1. Patients’ characteristics by groups.

press

(15.3%), and early complications after surgery (before referral to
cardiac rehabilitation) were experienced in 38 patients (13.5%).

Table 1 shows the patient characteristics for the overall popu-
lation and by group. Serum albumin levels were lower than 3.5 g/dl
in 147 (34.5%) patients: 138 (48.9%) in the cardiac surgery group
and 9 (6.3%) in the heart failure group. Among the overall study
population, MNA scores were <24 in 179 patients (42.0%), while
only 8 patients (1.9%) had an MNA score <17. The MNA score
was significantly lower in heart failure patients compared with car-
diac surgery patients.

Table 2 shows the patient clinical characteristics by malnutri-
tion parameters: albumin <3.5 g/dl or MNA score <24. In heart
failure patients, low albumin levels were correlated with moderate-
to-severe anaemia, and low MNA scores were associated with
lower EuroQol values. In cardiac surgery patients, albumin levels
<3.5 g/dl were associated with peripheral oedema, pleural effusion
and lower haemoglobin, serum iron, total cholesterol and EuroQol
values. Patients with MNA scores <24 had lower EuroQol values.
In both groups, a smaller percentage of patients with albumin lev-
els <3.5 mg/dl and MNA scores < 24 were able to perform the
6MWT. EuroQol values were significantly lower in patients with
MNA scores <24, in both the heart failure and cardiac surgery
groups. The proportion of patients with both an albumin level <3.5
mg/dl and MNA score < 24 was 50% in the overall population and
in each subgroup.

In backward stepwise elimination multivariate logistic regres-
sion analyses (Table 3), no predictors were identified in heart fail-

Age (years) 67+11 67+12 6710 0.501
Male gender 296 (69.5%) 110 (76.4%) 186 (66.0%) 0.027
BMI (Kg/m?) 29+5 29+6 28+4 0.105
Diabetes 139 (32.6%) 51 (35.4%) 88 (31.2%) 0.381
Peripheral edema 55 (12.9%) 23 (16.0%) 32 (11.3%) 0.178
Pleural effusion 182 (42.7%) 21 (14.6%) 161 (57.1%) <0.001
Hemoglobin (g/dl) 11.1£18 12.6+2.0 10.4+1.2 <0.001
Anemia 343 (80.5%) 72 (50.0%) 271 (96.1%) <0.001
Serum iron (mcg/dl) 48+31 69+40 3818 <0.001
eGFR (ml/min/1.73 m?) 70£23 6224 7322 <0.001
eGFR<60 ml/min/1.73 m? 158 (37.1%) 70 (48.6%) 88 (31.2%) <0.001
Total cholesterol (mg/dl) 145439 14542 145437 0.915
Ejection fraction (%) 4713 35+12 5348 <0.001
Ejection fraction <35% 100 (23.5%) 88 (61.1%) 12 (4.3%) <0.001
CIRS severity 1.47+0.23 1.54+0.27 1.43+0.20 <0.001
CIRS comorbidity 24+12 2.7+15 22«11 <0.001
EuroQol 48+15 48+16 4815 0.920
6MWT not performed 175 (41.1%) 53 (36.8%) 122 (43.3%) 0.200
6MWT (m) 31584 33192 30578 0.016
Barthel index 67+16 68+19 67+14 0.663
Albumin (g/dl) 3.711+0.47 4.07+0.44 3.03+0.37 <0.001
Albumin <3.5 g/dl 147 (34.5%) 9 (6.3%) 138 (48.9%) <0.001
MNA 23.9+3.3 23.1£3.6 244+3.1 <0.001
MNA <24 179 (42.0%) 74 (51.4%) 105 (37.2%) 0.005

Mean=SD and frequency (percentage).
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ure patients for albumin levels <3.5 g/dl, while MNA scores <24
were associated with female gender and CIRS severity (AUROC:
0.65).

In cardiac surgery patients, albumin levels < 3.5 g/dl were pre-
dicted by age, time from cardiac surgery to rehabilitation and
inability to perform the 6 MWT (AUROC: 0.69). The likelihood of
an MNA score <24 was associated with the occurrence of early
complications after surgery, lower BMI and inability to perform
the 6BMWT (AUROC: 0.68). Figure 1 shows scatter plots of MNA
scores and albumin levels for both groups. Albumin levels were
correlated with MNA scores in heart failure patients (Figure 1A)
but not in cardiac surgery patients (Figure 1B).

Follow-up was performed for 406 patients residing in the
Apulia region (140 heart failure and 266 cardiac surgery patients).
After a median follow-up of 47 months (interquartile range: 41-54
months), 77 patients died (overall cumulative mortality at 48
months: 19.3%): 51 in the heart failure group (cumulative mortal-
ity at 48 months: 37.9%) and 26 in the cardiac surgery group
(cumulative mortality at 48 months: 9.6%). Patients with an MNA
score <24 exhibited significantly higher mortality in comparison to
patients with MNA scores >24 (log-rank test p=0.027, cumulative
mortality at 48 months: 24.7% vs 15.2%) (Figure 2). Each MNA
point below 24 significantly increased the mortality, with HR =

Table 2. Patients’ clinical characteristics by malnutrition parameters.

1.15 (95% CI: 1.07-1.23; p<0.001) for Cox univariate analysis and
HR = 1.12 (95% CI: 1.03—1.22; p = 0.008) adjusting for age, sex
and study group. In the cardiac surgery group, albumin levels <3.5
g/dl were not associated with mortality (log-rank test p=0.972,
cumulative mortality at 48 months: 9.2% vs 10.0%, respectively,
for patients with levels <3.5 g/dl and >3.5 g/dl). For the heart fail-
ure patients, the association of low albumin with mortality was not
evaluated.

Discussion

In the present study, we evaluated the prevalence of malnutri-
tion and risk of malnutrition in a cohort of 426 patients admitted to
in-hospital rehabilitation after heart surgery or heart failure. In the
overall study population, we found MNA scores <24 in 42% of
patients. This cut-off identifies patients with both malnutrition and
malnutrition risk; however, only eight of these patients were con-
firmed as malnourished (MNA <17). This low frequency may be
due to the low sensitivity of the MNA in this care setting. Female
gender, CIRS severity and inability to perform the 6MWT were
identified as predictors for MNA scores <24.

Peripheral edema 20 (14.8%) 3 (33.3%) 0.156 13 (18.6%) 10 (13.5%) 0.408
Pleural effusion 18 (13.3%) 3 (33.3%) 0.126 9 (12.9%) 12 (16.2%) 0.568
Hemoglobin (g/dl) 12.7+2.0 11.7+2.3 0.138 12.8+2.1 12.5+1.9 0.372
Anemia 65 (48.1%) 7 (77.8%) 0.166 34 (48.6%) 38 (51.4%) 0.739
Moderate-to severe anemia 30 (22.2%) 6 (66.7%) 0.008 16 (22.9%) 20 (27.0%) 0.564
Lymphocytes (10E9/1) 1.88+0.85 1.33+0.71 0.082 1.86+0.79 1.83+0.90 0.808
Serumiron (mcg/dl) 70+39 6046 0.164 73435 6644 0.339
Total cholesterol (mg/dl) 146+43 132+24 0.338 148+45 143+39 0.489
EuroQol 49+16 4215 0213 5516 41+13 <0.001
6MWT not perfomed 47 (34.8%) 6 (66.7%) 0.075 19 (27.1%) 34 (45.9%) 0.019
6MWT (m) 331+93 34035 0.869 35195 30681 0.018
Barthel index 68+20 6514 0.490 78+12 6221 0.002
Peripheral edema 6 (4.2%) 26 (18.8%) <0.001 20 (11.3%) 12 (11.4%) 0.974
Pleural effusion 70 (48.6%) 91 (65.9%) 0.003 111 (62.7%) 50 (47.6%) 0.013
Hemoglobin (g/dl) 10.9+1.1 9.8+1.0 <0.001 10.3<1.1 10.5+1.3 0.093
Anemia 134 (93.1%) 137 (99.3%) 0.007 171 (96.6%) 100 (95.2%) 0.545
Moderate-to severe anemia 75 (52.1%) 123 (89.1%) <0.001 132 (74.6%) 66 (62.9%) 0.037
Lymphocytes (10E9/) 1.98+0.79 1.85+0.90 0.199 1.950.91 1.86+0.74 0.385
Serumiron (mcg/dl) 43+20 32+12 <0.001 3616 40+20 0.055
Total cholesterol (mg/dl) 158£40 13229 <0.001 142434 15142 0.058
EuroQol 51«16 4513 0.001 50«15 46+15 0.031
6MWT not perfomed 48 (33.3%) 74 (53.6%) 0.001 65 (36.7%) 57 (54.3%) 0.004
6MWT (m) 310£79 29775 0.278 30276 312+82 0.436
Barthel index 69+12 65+15 0.218 68+14 6515 0.252

Mean+SD and frequency (percentage).
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We found that malnutrition and risk of malnutrition are associ-
ated with poor functional status at admission and with higher rates
of clinical complications such as anaemia, peripheral oedema and
iron deficiency. Furthermore, malnutrition is associated with poor
long-term prognoses.

We identified clinical predictors of malnutrition and the differ-
ences in prevalence between two groups: heart failure and cardiac
surgery patients. The poor agreement among different screening
tools suggests the need for an integrated approach for comprehen-
sively classifying malnutrition.The reduced food intake and cata-
bolic state, with a corresponding loss of lean mass, induced by
inflammation are possible physio-pathological mechanisms
involved in malnutrition in patients who have experienced cardiac
surgery or heart failure.

An inadequate caloric supply due to hospital diet, iatrogenic
lack of appetite, visceral congestion, eating-induced dyspnoea and
difficulty swallowing due to orotracheal intubation in the postsur-
gical status are other possible causes of malnutrition.

Proinflammatory factors, with increased levels of cytokines or
necrohormones, may increase protein catabolism, inducing the
downregulation of protein production.

After cardiac surgery, inflammation is accompanied by free
radical production, loss of antioxidant substances and transitory
reductions in the plasmatic concentration of leucites and vitamins
A, B and E [20].

Heart failure patients

The prevalence of malnutrition in hospitalized patients with
heart failure ranges from 34% to 70% [21]. Differences in the crite-
ria used to define malnutrition and in the characteristics of study
populations may explain this large variance. In our study, the preva-
lence of MNA scores <24 in heart failure patients was 51.8%, which
is similar to that reported by Tevik et al. (57%) [21] for hospitalized
patients with heart failure, based on the NRS-2002 screening tool.

When disease worsens, heart failure patients may progress to
cardiac cachexia, characterized by sarcopenia and muscle wasting
[22]. Numerous studies have recognized and highlighted malnutri-
tion as a marker for unfavourable prognosis [22-24]. An “obesity par-
adox” has been described in heart failure patients, with obese or
overweight patients having lower all-cause mortality rates [25].
However, in heart failure patients, oedema may mask decreases in

Table 3. Multivariate predictors of malnutrition.

Heart failure
Mini nutritional assessment <24
Female gender
CIRS severity (by 0.1)

Cardiac surgery
Predictors of albumin <3.5 g/dl

249 (1.09-5.67) 0.030
1.16 (1.01-1.32) 0.030

Age (by 10 years) 1.39 (1.05-1.82) 0.019
Days from cardiac surgery (by 10 days) 0.46 (0.31-0.69) <0.001
6MWT not perfomed 2.25 (1.32-3.85) 0.003

Mini nutritional assessment <24
Early complication after surgery
BMI (by 1 kg/m?)
6MWT not perfomed

2.37 (1.15-4.90) 0.020
0.91 (0.86-0.96) 0.002
2.08 (1.25-3.48) 0.005

press

lean mass, rendering the BMI an unreliable marker of undernutrition.
Moreover, a lower BMI does not predict all-cause mortality in heart
failure patients independently of other nutritional indicators [26].
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Figure 1. Scatter plots showing the correlation between MNA
scores and albumin levels. A) Heart failure patients. B) Cardiac
surgery patients.
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Figure 2. Kaplan-Meier curves for all-cause mortality of patients
with respect to albumin levels for MNA scores <24 versus 224
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Cardiac surgery patients

The reported prevalence of preoperative malnutrition in car-
diac surgery patients ranges from 1.2% to 46.4% [27-29]. Patients
with malnutrition before cardiac surgery have increased postoper-
ative mortality rates, hospital stay durations and complication
rates. Chermesh et al. [30] evaluated the nutritional status of
patients before cardiac surgery by means of the Malnutrition
Universal Screening Tool (MUST). In their study, 17.9% of
patients were at risk for malnutrition before surgery, and these
patients had elevated mortality and morbidity rates in the postop-
erative phase. However, there is a lack of data regarding the preva-
lence of malnutrition in the postoperative phase.

Albumin as a nutritional marker

The usefulness of albumin as a nutritional marker remains con-
troversial because many disease processes can modify its plasmatic
concentration. In our study, only 6.3% of heart failure patients had
albumin levels < 3.5 g/dl versus 48.9% in the cardiac surgery group.

Racca et al. found albumin levels below the normal range in
84% of 50 nondiabetic patients admitted to in-hospital rehabilita-
tion after cardiac surgery [31]. Albumin is a negative-phase reac-
tive protein, and its pool is modified by inflammatory status due to
infections, burning, neoplasm or surgery. However, there is no evi-
dence supporting the use of albumin to evaluate nutritional status
beyond inflammation.

In a meta-analysis of 63 studies that evaluated the effect of
fasting on serum albumin levels in healthy subjects, albumin val-
ues remained normal until extreme levels of starvation were
reached (i.e., BMI <12) or after more than 12 weeks of fasting
[32]. In patients with heart failure, inflammation may be relevant
only in the advanced and terminal phases of the disease, when mal-
nutrition evolves into cardiac cachexia. The low percentage of
cachectic patients in our heart failure cohort may explain the low
incidence of hypoalbuminemia observed in this work. Patients
with MNA scores <24 had increased mortality rates, independent
of age, sex or study group. Malnutrition may be a marker of more
advanced disease or frailty or may be a causative factor, causing,
for example, a reduced immunity response.

Clinical implications

From the cardiologist perspective, nutritional evaluation in
patients admitted to a cardiac rehabilitation programme traditionally
addresses the correction of cardiovascular risk factors via lifestyle
modifications. Patients surviving myocardial infarction or coronary
artery revascularization receive professional counselling on diet
modifications in order to reduce saturated fatty acid intake, lower
plasma cholesterol levels and hinder obesity and sodium intake.

By contrast, for patients admitted to an intensive in-hospital
rehabilitation programme, nutritional assessment should be per-
formed to identify malnourished subjects that require an increased
caloric supply. Changes in the epidemiology of cardiovascular dis-
ease, such as age (i.e., cardiac surgery patients are typically older)
and the rapidly increasing prevalence of heart failure, have
increased the number of possible recipients for intensive in-hospi-
tal rehabilitation.

OPEN 8ACCE55

For in-hospital cardiac rehabilitation, an accurate screening for
malnutrition or risk of malnutrition is recommended. Albumin lev-
els are not adequate to evaluate the nutritional status of heart fail-
ure patients. Moreover, special attention is needed for women, eld-
erly patients and patients with low mobility or high levels of
comorbidity.

As future work, further studies could evaluate whether nutri-
tional support, guided by the proposed stratification, could
improve clinical and functional outcomes.
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