Turkish Journal of Clinics and Laboratory

To cite this article: Tak BT, Ekizler FA, Kafes H, Cay S, Cetin EHO, Ozeke O, Ozcan F, Tufekcioglu O, Topaloglu S, Aras D¢. Low prognostic nutritional index is associated
with adverse outcomes in patients with hypertrophic cardiomyopathy. Turk J Clin Lab 2020; 11: 136-145.

1 Original Article

Low prognostic nutritional index is associated with adverse outcomes
in patients with hypertrophic cardiomyopathy

Dlisiik prognostik ntitrisyonel indeks hipertrofik kardiyomiyopatili
hastalarda kéti sonuclar ile iliskilidir
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Abstract

Aim: The aim of the study was to investigate poor nutritional status assessed by prognostic nutritional index (PNI) on the
prognosis of patients with hypertrophic cardiomyopathy(HCM).

Material and Methods: A total of 420 patients with HCM were assessed. The primary end point was defined as the occurrence
of CV death that included sudden cardiac death (SCD), death due to HF and cardioembolic stroke-related death.

Results: During the follow-up, primary end point was developed in 25 (6.0%) patients. Receiver operating characteristic
(ROC) analysis showed that using a cut-off level of 40, PNI predicted the occurrence of primary end point with a sensitivity
of 76% and specificity of 76.7%. In the multivariate model, low PNI was significant predictor of the primary end point.

Conclusion: This study showed that lowerPNI level is an independent predictor of CV death in patients with HCM.
Keywords: cardiovascular death; hypertrophic cardiomyopathy; prognostic nutritional index

0z

Amag: Calismanin amaci prognostik beslenme indeksi (PNI) ile degerlendirilen zayif beslenme durumunun, hipertrofik
kardiyomiyopatili (HKMP) hastalarin prognozu tizerine etkisini aragtirmaktir.

Gereg ve Yontemler: Toplam 420 HKMP hastasi degerlendirildi. Calismanin birincil sonlanim noktasi, ani kardiyak 6lim
(AKO), kalp yetmezIigi (KY) nedenli 6liim ve kardiyo embolik inme iliskili 6liimii iceren kardiyovaskiiler 6liim saptanmasi
olarak tanimlandi.

Bulgular:Takip stiresi boyunca 25 (% 6.0) hastada birincil sonlanim noktasi saptandi. ROC (Receiver operating characteristic
curve) analizi, PNi kesme seviyesi 40 kullanarak PNi'nin % 76 hassasiyet ve% 76.7 dzgiilliik ile birincil son nokta olusumunu
6ngordiigiini gosterdi. Tek degiskenli ve cok degiskenli modelde diisiik PNi degeri, primer sonlanim noktasi icin dnemli
bir belirleyici olarak saptandi.

Sonug: Bu calisma, diisiik PNi diizeyinin HKMP hastalarinda KV élimiin bagimsiz bir 6ngérdiiriiciisii oldugunu gdstermistir.

Anahtar kelimeler: kardiyovaskdler 6lim; hipertrofik kardiyomiyopati; prognostik niitrisyonel indeks
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Introduction

Hypertrophic cardiomyopathy (HCM) is one of the most
common genetic cardiomyopathies characterized by ventricular
hypertrophy, myocardial fibrosis, and impaired ventricular
relaxation[1]. Myocyte hypertrophy and disarray, interstitial
fibrosis as well as small vessel disease are main pathological
trademarks of the myocardium in HCM[2]. The clinical course
of HCM is highly variable, ranging from asymptomatic status
with a normal life expectancy to adverse clinical outcomes
such as severely limiting dyspnea, advanced heart failure
(HF), systemic embolic events, stroke, malignant arrhythmic
events and sudden cardiac death. The annual mortality
rate of HCM patients is thought to be about 1%. Sudden
cardiac death (SCD) and embolic stroke are major causes of
death in patients with HCM[3, 4]. In addition, some patients
develop systolic dysfunction causing increased morbidity
and mortality[5]. Identifying high-risk HCM patients plays
a key role in risk stratification, treatment strategy selection,
preventing complications and improving outcomes. Although
a set of clinical risk factors and imaging results are investigated
for risk stratification in HCM patients presently, the clinical
outcomes of HCM are still broadly unpredictable given that
HCM is generated by various etiologies, has a genetic diversity
with heterogeneous and complex clinical expression and the
pathophysiological mechanisms are very complicated.

In recent decades, much attention has been given to assess
the role of inflammation and oxidative stress in both for
pathogenesis and to determine the prognosis of HCM. Several
studies established increased circulating inflammatory
markers in HCM such as TNF-q, IL-6, MCP-1 and monocyte
count to high-density lipoprotein cholesterol ratio(MHR),
neutrophil-to-lymphocyteratio (NLR)[6-9]. Recent studies have
shown that poor nutritional status is associated with increased
inflammation and neurohormonal activation, indicating poor
prognosis in various cardiovascular diseases. Malnutrition,
which is associated with decreased immune system function,
impaired respiratory function and poor wound healing,
has been shown to be a predictor of outcome in patients
with chronic illness, including end-stage renal disease,
malignancy and advanced HF[10, 11]. Although nutritional
status examination is more complex, objective and well-
recognised indices such as prognostic nutritional index (PNI)
have been developed. PNI, calculated from the serum albumin
concentration and total lymphocyte count, is a simple and
objective indicator that assesses immuno-nutritional status
of patients[12]. Some studies demonstrated that nutritional
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status measured by PNI is an independent prognostic factor
in patients with various cardiovascular diseases such as acute
or chronic HF, ST segment elevation myocardial infarction
(STEMI), stable coronary artery disease (CAD). However this
association has not been previously assessed in patients with
HCM. The aim of the present study was to evaluate PNI on the
clinical end points in patients with HCM.

Material And Methods
Study population

The study population included 442 consecutive patients
clinically diagnosed with HCM at our hospital between October
2003 and December 2016. A diagnosis of HCM was made
based on the current guidelines of the American College of
Cardiology / European Society of Cardiology (ACC/ ESC), was
the presence of a hypertrophied left ventricle with a maximal
wall thickness of =15 mm on echocardiography in patients
without alternative explanations capable of producing a similar
degree of hypertrophy or systemic diseases. Individuals with
metabolic diseases (e.g, Anderson Fabry disease) and related
syndromes (e.g, Noonan syndrome) were eliminated. Patients
with clinical conditions other than cardiomyopathy that could
increase plasma levels of inflammatory markers such as active
cancer, active infection, renal or hepatic insufficiency, chronic
inflammatory disease, congenital heart disease, cardiac valve
disease were excluded from study. Also patients without a
recorded measurement of admission laboratory parameters and
sufficient clinical information were excluded. According to these
exclusion criteria, 22 patients were excluded from the study and
a total of 420 patients were included in the study. Data regarding
clinical features, risk profiles, laboratory and echocardiographic
parameters of all patients were collected from clinical follow-up
visits, patients'files and the electronic database The present study
was conducted in accordance with the Declaration of Helsinki
and was approved by the local ethics committee.

Echocardiography

On admission to the hospital, all patients underwent
transthoracic echocardiography using commercially available
ultrasound equipment. They had undergone two-dimensional
and M-mode echocardiography with continuous, pulsed and
colour Doppler imaging at the time of diagnosis and the
last follow-up visit with the Vivid 7 system (GE Healthcare,
Wauwatosa, Wisconsin). EF was calculated by using modified
Simpson method. Maximum wall thickness was accepted
as the greatest thickness in any single segment and was
evaluated at end-diastole on the basal, mid or apical short-axis
views. LV outflow tract obstruction was measured either in a



rest state or during a Valsalva maneuver. Obstructive HCM was
defined as LV outflow tract obstruction >30 mmHg.

Laboratory parameters

Peripheral venous blood was drawn from the antecubital
vein and was obtained in the morning after a 12-hour fast.
All biochemical analyses were determined using standard
methods. Body mass index (BMI) was calculated by dividing
weight in kilograms by the square of height in metres.
Patients were considered to have hypertension if their blood
pressure was =140/90 mmHg or if they were taking any anti-
hypertensive medication. Diabetes mellitus was defined
as fasting blood glucose level of 126 mg/dL or greater and
treatment with anti-diabetic medications. PNI was calculated
using the following formula: 10 x serum albumin value (g/dL)
+ 0.005 x total lymphocyte count in the peripheral blood (per
mm?). Patients were divided into two groups according to
their admission PNI.

Definitions & study end points

The primary end point was defined as the occurrence of CV
death that included sudden cardiac death (SCD), death due to
HF and cardioembolic stroke-related death. SCD was accepted
unexpected and instantaneous collapse leading to death due
to any cardiac cause occurring in the absence of symptoms
or within 1 h of the onset of symptoms in a patient who had
previously experienced a relatively stable or uneventful clinical
course or witnessed unexpected death. HF related death was
accepted as death preceded by symptoms of heart failure >1h.
[13]. The follow-up duration was commenced with the first
visit and ended with the occurrence of death or the last visit.
Follow up for clinical end points was performed by review of
medical records in our hospital. We decided a cardiac event that
occurred outside our hospital by phone calls with patients, their
relatives and/or their general practitioners. The cause of death
was assessed by evaluating the hospital records, official hospital
release forms or death certificates obtained from National
Survival Registry. All-cause death and presence of NYHA IlI-IV
symptoms were defined as secondary end points.

Statistical analysis

Statistical analysis was performed using the SPSS 20.0
Statistical Package Program for Windows (SPSS, Inc., IL, and
USA). Continuous variables were presented as mean + SD and
medianwithinterquartilerangesofappropriateand categorical
variables as frequency and percentage. Kolmogorov-Smirnov
test was used to test normality of distribution. Differences
between groups were evaluated by using Student's t test
for normally distributed variables and Mann-Whitney U test
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for variables without normal distribution. The Chi-square
or Fisher's exact test was used to compare categorical
variables as appropriate. The association between PNI and
development of adverse outcomes of HCM were estimated
with univariate and multivariate Cox proportional hazards
regression analyses. Survival estimates were calculated by
the Kaplan-Meier method and the long-rank test was used
for comparison. Receiver operating characteristic curve (ROC)
analysis was used to determine the optimum cut-off levels of
PNI to predict primary end point. A p-value < 0.05 (using a
two-sided test) was considered significant.

Results

We assessed consecutive 420 patients with HCM in this
study. Baseline clinical, demographic echocardiographic
and laboratory characteristics of the study population were
summarized in Table 1. A total of 244 patients (58.1%) were
male, and the mean age of the study population was 48.4
+15.2 years old. After a median (interquartile range) follow-
up period of 6.0 (5.0-8.0) years, primary end point was
developed in 25 (6%) subjects (sudden death in 10 (2.4 %),
death for progressive HF in 14 (3.3 %) and cardioembolic
stroke-related death in 1 (0.2 %)). Patients with CV death had
a higher prevalence of atrial fibrillation (44.0% vs.18.2%, p
=0.002), higher NYHA class (68.0% vs. 12.7%, p <0.001), higher
left atrial diameter (LA) (43.8 £ 44 mm vs. 40.9 + 54 mm, p
= 0.013), lower ejection fraction (EF) (53.6 +10.5 mm vs. 60.8
+7.4 mm, p < 0.001) and higher level of C-reactive protein
(CRP) (11.3 (4.8-22.7) vs. 4.8 (3.9-5.8), p< 0.001) compared the
patients without CV death. Also serum albumin concentration,
serum lymphocyte count and PNI values (37.5+5.0 vs. 43.7
+4.8, p < 0.001) were significantly lower in patients with CVD
than in patients without CV death. Follow-up data and clinical
outcomes regarding primary and secondary end points were
presented in Table 2. During follow-up period, all-cause death
was observed in 34 subjects (8.1%) and presence of NYHA llI-
IV symptoms was observed in 66 subjects (15.7 %) which were
the secondary end points among the study population. Low
PNI values were significantly associated with both primary
and secondary end points of the study.

We also compared baseline clinical characteristics of the
study patients according to PNI levels (Table 3). The patients
in low PNI group (<; n = 140) had a higher prevalence of atrial
fibrillation, higher NYHA class, larger LA dimension, larger left
ventricular enddiastolic diameter (LVEDD), lower EF, higher
values of CRP and lower values of lymphocyte and albiimin
counts than the patients in high PNI group.
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Area under the curve was 0.817 (95% Cl: 0.777-0.853; p <0.001).
Using a cut-off level of 40.0, PNI predicted the occurrence of
primary end point with a sensitivity of 76% and specificity of
76.7% (Figure1). A Kaplan—Meier analysis showed a significantly
lower primary endpoint-free survival rate in patients with
low PNI (log rank, P <0.0001, Figure 2). Also, patients with low
PNI had a higher all cause death and NYHA Ill-IV symptoms
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compared with patients with high PNI (Figure 3). Univariate Cox
regression analyses showed that atrial fibrillation, NYHA [II-IV,
LVEF, LA diameter, CRP and low PNI were significantly associated
with the primary end point (for all; p < 0.05) (Table 4). However,
in the multivariate model, low PNI (HR: 4.8; 95% Cl: 1.6-14.4;
p=0.005) and CRP (HR: 1.04; 95% ClI: 1.006-1.074; p=0.019) were
significant predictors of the primary end point (Table 4).
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Figure 1:Receiver operating characteristic curve analysis of PNI to
predict cardiovascular death (primary end point) in patients with
hypertrophic cardiomyopathy.
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Figure 2: Kaplan—-Meier analysis for primary end point according to
PNI cut-off 40.0 in patients with hypertrophic cardiomyopathy.
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Figure 3: Kaplan-Meier analysis for secondary end points according
to PNI cut-off 40 in patients with hypertrophic cardiomyopathy.
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Discussion

This study showed that low PNI was associated with
adverse outcomes in patients with HCM. The study’s most
important findings are the following: (1) Cardiovascular
death significantly higher in the low PNI group; (2) all cause
death significantly higher in the low PNI group; low PNI was
significantly associated patients with presence of NYHA Il or
IV symptoms.

HCM is a common genetic cardiac disease characterized by
LV hypertrophy, myofibrillar disarray and myocardial fibrosis.
The clinical course of the disease is highly heterogeneous:
many patients have no or moderate symptoms throughout
their lifetime, but in some patients, HCM may lead to severe
symptoms such as heart failure or even may result sudden
cardiac death. Although the risks of sudden cardiac death have
mostly dominated the HCM literature, progressive inability
and heart failure is also a crucial complication of the disease.
Heart failure is usually associated with left atrial enlargement,
which reflects increased left ventricular filling pressures
secondary to predominantly caused by diastolic dysfunction.
In addition to diastolic dysfunction, some patients with severe
LVH experience LV wall thinning and develop progressive left
ventricular systolic dysfunction during their clinical course.
Although previous studies have reported the progression
of wall thinning detected in up to 15% of patients with
HCM, Thaman et al demonstrated that wall thinning 25 mm
occurred in 58% of patients with severe LVH. Impairment of
the systolic function in hypertrophic cardiomyopathy below
cut-off point set at 50% was previously shown to have crucial
impact on the poor prognosis of patients with regard to major
adverse event rates.

Reported HCM-associated mortality risk has undergone
considerable modification over time. Recently, mortality in
adult patients has reduced to approximately 0.5% per year
owing to treatment interventions, especially implantable
cardioverter defibrillators (ICD) and heart transplantation.
Moreover, because the sudden death rate in HCM patients
has reduced as a result of growing usage of ICDs, death due
to heart failure is coming up as the prevalent mode of demise.
In our study, presence of NYHA IlI-IV symptoms were seen in
66 (15.7%) patients and death due to HF in 14 (3.3%) patients.
Pasqualucci et al showed that in a significant percentage of
HCM patients, mortality can occur within 3 years after HF
symptoms onset, in spite of a preserved LVEF [14]. Maron
et al evaluated the nonobstructive HCM patients and



demonstrated that, despite the relatively benign course of this
disease, still 10% of patients progressed to NYHA class IlI-IV

during follow-up [15]. These investigations highlight the need

for parameters that could be used to determine HCM patients
at risk for HF development before the endstage phase ocur.
Several biomarkers, particularly B-type natriuretic peptide
(BNP)[16], increased circulating inflammatory markers such
as TNF-a [7, 8], IL-6 [17], MCP-1[18], NLR [9] and MHR [6] have
recently been shown to be useful in stratifying risk in patients
with HCM. Previous studies have shown that several nutritional
indicators, including body mass index (BMI), serum albumin,
total cholesterol, and total lymphocyte count, predict survival
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in patients with various cardiovascular diseases. Nakagomi et
al. have shown that malnutrition was significantly associated
with higher concentrations ofinflammatory markersin patients
with chronic HF [19]. In patients with HF, however, serum
albumin level is influenced by several non-nutritional factors
including fluid status, hepatic congestion, renal dysfunction
and inflammation. Similarly, BMI is influenced by fluid status,
indicating that the measurement of albumin or BMI alone is
insufficient as a nutritional risk assessment. In contrast, PNI
measured using both serum albumin and lymphocyte count
may overcome the shortcomings of each indicator. PNI was first
reported by Buzby et al. as an objective nutritional risk index
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in 1980 and then Onodera et al. have reported the association
between PNI and surgical risk for patients with malignancy
[20,21]. PNl has been used as a predictive nutritional marker in
patients with various diseases, such as malignancy [22], acute
or chronic HF [23, 24], heart failure with preserved ejection
fraction (HFpEF) [25], pulmonary embolism (PE) [26], stable
coronary artery disease (CAD) [27] and ST segment elevation
myocardial infarction (STEMI) [28]. The clinical significance of
nutritional risk assessment in patients with HCM has not been
well established. To our knowledge, there is no clinical study
presenting the association between PNI and adverse cardiac
events in HCM in the literature.

There are several potential explanations for the relationship
between low PNl and adverse cardiovascular events in patients
with HCM. Low PNI is accompanied by hypoalbuminaemia,
which
associated with worse HF outcome [29, 30]. In many cases

reflecting malnutrition and inflammation, are
(approximately 50%), HF occurred in the clinical setting of
HCM with preserved systolic function presenting a particularly
malignant prognosis [31]. Several recent reports have
provided data about prognostic value of nutritional status in
HF patients with preserved systolic function [18]. In a recent
study, importance of PNI was investigated in 1673 patients
(52% HFpEF) hospitalised for acute HF[24]. A higher PNI tertile
was related to better survival free from allcause death and
patients with lower PNI had worst prognosis. Japanese Heart
Failure Syndrome with Preserved Ejection Fraction study
registered 535 consecutive hospitalised HFpEF patients. This
study showed that serum albumin level on admission, was
independently related with the composite outcome of all-
cause death and heart failure hospitalisation during a median
follow-up period[32]. PNI permits quantification of the
interaction between HF, inflammation and malnutrition using
both albumin level and total lymphocyte count, which is a
second indicator for inflammation. An activated inflammatory
state has been reported to be an important factor in the
incidence and maintenance of HF. The physiological stress
induced by advanced HF results in an increased production
of cortisol and a shift in the leukocyte differential toward a
decreased percentage of lymphocytes (%L)[33]. Lymphocyte
concentration is a readily available, inexpensive, and simple
prognostic marker in patients with symptomatic heart
failure who do not have corticosteroid use, recent trauma,
infarction,

myocardial infection, surgery or history of

malignancy. Lymphopenia has been described in numerous
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advanced disease states, including HF. In the lights of these
findings PNl appears to generate a potent indicator for diverse
mechanisms of malnutrition, including neuro-hormonal
disorders, decreased caloric intake and impaired perfusion,
in patients with HF by combining albumin and lymphocyte
levels[33]. In our study, PNI also has a significant positive
correlation with serum CRP level, which supports its role in
systemic inflammation. This result confirmed that nutritional
andimmunological situations are important when considering
the long-term outcome in patients with HCM. Moreover, we
found that lower PNI was independently correlated with a
lower left ventricular ejection fraction (LVEF), Its role can be
defined as an identifier for high-risk patients who may benefit
closely follow-up. In previous studies, some various cutoff
values have been detected for PNI. These reports found the
optimal cutoff values were 44.5, 45 or 40 [21-23]. According to
the ROC curve analysis of the currrent study an optimal cut-off
value of 40.0 was obtained.

in the
guidelines in patients with HF and some studies have reported

Nutritional status evaluation is recommended
that nutritional intervention may be beneficial for these
patients. However, no study has investigated patients with
HCM. It remains uncertain how patients with low PNI should
be managed. Further investigations are required to evaluate
whether nutritional interventions improve clinical outcomes

in HCM patients.
Limitations

Our study has several limitations. First; this was a single center,
retrospective, observational study. Second; PNI levels were
evaluated only once and did not asses their changes over time
during the follow-up period. Third; because of methodological
limitations of retrospective analysis, it is not possible to define
the exact causal relationship between PNI level and adverse
cardiovascular outcomes. Hence, the small sample size may
limit the power of statistical test in revealing significant
predictors and demonstrating the effects of PNI on different
subgroups. Further prospective investigations on larger
cohorts are necessary to confirm our findings, to clarify the
underlying mechanism and to elucidate the prognostic utility
of PNI more accurately.

Conclusion and Future Perspectives

This study identified nutritional status assessed by the PNI,
a simple index calculated from routine biochemistry and
hemogram tests, as an independent predictor of long-term
adverse cardiovascular outcomes in HCM patients. Lower PNI



scores were associated with CV deaths in HCM patient. This
result confirmed that nutritional and immunological situations
are important when considering the long-term outcome in
patients with HCM. Our study suggested that the PNI might be
useful for risk stratification of HCM patients in clinical practice.
Further investigations on independent multicenter cohorts
should be performed in order to validate our findings.
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