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Poor Nutritional Status Is Associated 
with Arrhythmic Events on 24-Hour 
Holter Recording
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Highlights of the Study

• Malnutrition is associated with cardiovascular disease morbidity and mortality.
• It remains unclear whether the adverse outcomes occur because of arrhythmias in malnourished pa-

tients.
• Arrhythmias may be the cardiac consequence of malnutrition.
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Abstract
Background: Malnutrition is associated with cardiovascular 
disease morbidity and mortality. Arrhythmias may be the car-
diac consequences of malnutrition. Objectives: The objec-
tive of the study was to evaluate the association between 
prognostic nutritional index (PNI), Controlling Nutritional 
Status (CONUT) score, and arrhythmic events on 24-h electro-
cardiography (ECG) Holter recording in patients without 
manifested arrhythmia. Methods: In this retrospective analy-
sis of 477 patients who underwent 24-h ECG Holter monitor-
ing, PNI and CONUT score were calculated and patients were 
divided into tertiles according to PNI and into three groups 
according to CONUT score; 0: normal, 1–2: mild risk of malnu-
trition, ≥3: moderate-severe risk of malnutrition. Arrhythmic 

events were compared between PNI tertiles and CONUT 
score groups. Results: Total number of premature atrial con-
tractions, premature ventricular contractions (PVCs), PVC 
burden, and incidence of paroxysmal atrial fibrillation (PAF) 
were significantly higher in patients within the lowest PNI ter-
tile. Total number of PVCs, PVC burden, and incidence of PAF 
were significantly higher in patients with CONUT score ≥3. 
The cut-off value for PNI to predict the presence of PVC was 
defined as 39.41 using ROC curve analysis. The area under the 
curve was 0.650 (p < 0.001). Multivariate analysis showed that 
PNI was independent predictor of the presence of PVC and 
PAF. Also, CONUT score was independent predictor of the 
presence of PVC and PAF. Incidence of nonsustained ventric-
ular tachycardia did not differ between PNI tertiles or CONUT 
score groups. Conclusion: Poor nutritional status, assessed 
by PNI and CONUT score, is associated with arrhythmic events 
on 24-h ECG Holter recording in patients without manifested 
arrhythmia. © 2022 The Author(s).
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Introduction

Malnutrition is reported to be associated with a poor 
prognosis in patients with heart failure or atheroscle-
rotic cardiovascular disease (CVD) [1, 2]. The prognos-
tic nutritional index (PNI) and Controlling Nutritional 
Status (CONUT) score are easily calculated and estab-
lished methods for evaluating the objective nutritional 
status. Numerous clinical studies have indicated that 
PNI and CONUT scores are associated with CVD mor-
bidity and mortality in patients with heart failure and 
myocardial infarction or in patients undergoing percu-
taneous coronary intervention or coronary artery by-
pass grafting [3–6]. However, no previous study has ex-
clusively investigated the predictive value of nutritional 
indices for arrhythmic events. Therefore, we examined 
the relationship between PNI and CONUT score and ar-
rhythmias on 24-h electrocardiography (ECG) Holter 
recording in patients without a previous diagnosis of 
any arrhythmia.

Methods

Study Population
This study is a retrospective analysis derived from a single cen-

ter. We analyzed the data of patients who had 24-h ECG Holter 
recording from consecutive outpatients who applied to our outpa-
tient clinic with complaints of palpitation, irregular heartbeats, 
and arrhythmia between January 2019 and December 2020. Pa-
tients with missing serum albumin, total cholesterol, and total 
lymphocyte count were excluded from this study. Also excluded 
were patients with known malignancy, active infectious or inflam-
matory disease, severe renal or liver insufficiency, electrolyte ab-
normalities, hypo/hyperthyroidism, left ventricular ejection frac-
tion (LVEF) less than 50% (assessed by echocardiography), mod-
erate or severe valvular heart disease, persistent or permanent 
atrial fibrillation on baseline ECG, previous diagnosis of arrhyth-
mia, previous ablation for arrhythmia, receiving antiarrhythmic 
medication (Vaughan Williams classes I, III, and V) from the 
study. Finally, we evaluated the data of 477 patients in our analysis. 
All patients had sinus rhythm on their baseline ECG.

Demographic data, laboratory data from fasting venous blood 
samples, and information about coronary risk factors and medica-
tions on admission were retrospectively collected from patient’s 
files and analyzed. The assessed clinical parameters were age, gen-
der, weight, and height and coronary risk factors. Hypertension 
was defined as systolic blood pressure ≥140 mm Hg and/or dia-
stolic blood pressure ≥90 mm Hg or current medication with an-
tihypertensive drugs. Patients were defined as diabetic if they had 
been informed of this diagnosis before and had been using oral 
antidiabetic drugs or insulin treatment on admission. Coronary 
artery disease (CAD) was defined as the presence of imaging evi-
dence of ≥50% of the diameter in at least one major coronary artery 
or documentation of myocardial infarction or coronary revascu-

larization. Body mass index (BMI) was calculated as body weight 
in kilograms divided by the squared value of body height in meters 
(kg/m2).

This study was approved by our institutional review board. 
Written informed consent was not obtained because the study data 
were analyzed retrospectively. The research protocol was approved 
by Mersin University Clinical Research Ethics Committee (Num-
ber: 76/2021).

Evaluation of Nutritional Indices
The baseline PNI was calculated as 10 × serum albumin (g/dL) 

+ 0.005 × total lymphocyte count (per mm3) [7]. Baseline CONUT 
score was calculated from serum albumin levels, total cholesterol 
levels, and total lymphocyte counts as previously reported [8]. CO-
NUT scores range from 0 to 12. A person with normal nutritional 
status would have a CONUT score of 0, and the higher the score, 
the worse the nutritional status. Nutritional indices were catego-
rized based on previous studies and defined classifications. Pa-
tients were divided into tertiles according to the PNI. Also, patients 
were classified according to CONUT score as follows: CONUT 
score of 0 – normal, 1–2 – mild risk of malnutrition, ≥ 3 – moder-
ate-severe risk of malnutrition, as described [9].

Twenty-Four-Hour ECG Holter Recording
The number of premature atrial contractions (PACs) and pre-

mature ventricular contractions (PVCs), PVC burden (%) defined 
as total number of PVC/total beats, and presence of paroxysmal 
atrial fibrillation (PAF) and supraventricular tachycardia (SVT) or 
nonsustained ventricular tachycardia (NSVT) were obtained from 
the 24-h ECG Holter recording. Three or more consecutive PACs 
were considered as SVT. NSVT was defined as three or more con-
secutive regular ventricular beats at a rate of greater than 100 beats/
minute with a duration of less than 30 s. The arrhythmic beats and 
events on Holter recording were verified by two experienced car-
diologists.

Statistical Analysis
Continuous variables were expressed as mean ± standard de-

viation (SD) or median (interquartile range); categorical variables 
were defined as percentages. The distribution of continuous vari-
ables was considered as normal or not based on the Kolmogorov-
Smirnov test. One-way ANOVA or Kruskal-Wallis tests were used 
to compare continuous variables. Conover-Inman or least signifi-
cant difference tests were performed for the binary comparisons 
among the groups. Differences in the distribution of categorical 
variables were assessed by χ2 test. Multiple logistic regression anal-
ysis with backward elimination was used to identify independent 
predictors of PVCs and PAF and was performed separately for PNI 
and CONUT scores. The selection of variables for the multivariate 
analysis was based on previous reports and clinical importance. 
Age, gender, LVEF, BMI, diabetes mellitus, hypertension, CAD, 
creatinine, the use of β-blockers, and the use of nondihydropyri-
dine calcium channel blockers were included in the analysis as 
confounding variables. The area under the receiver operating 
characteristic (ROC) curve was used to indicate the predictive val-
ue of PNI for PVC. Pearson’s or Spearman’s correlation analysis 
was used to examine correlation between continuous variables. A 
p value of <0.05 was considered statistically significant. Data anal-
yses were performed by using SPSS for Windows, version 22.0 
(SPSS Inc., Chicago, IL, USA).
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Results

Baseline Characteristics
The mean age of study population was 60.0 ± 17.8 years, 

and 42.2% of the 477 patients were males. Baseline charac-
teristics are presented in Table 1. Mean LVEF was 61.4 ± 
6.1%, mean PNI was 38.7 ± 4.9, and mean CONUT score 
was 1.36 ± 1.2. The baseline clinical and laboratory charac-
teristics of the study patients according to the PNI tertiles 
are presented in Table 1. Patients in the lowest PNI tertile 
were significantly older and had a higher prevalence of hy-
pertension, diabetes mellitus, and history of CAD as well as 

lower LVEF, hemoglobin, and higher CONUT score. Pa-
tients in the lowest PNI tertile more commonly received 
β-blockers. Total number of PACs, PVCs, and PVC burden 
were higher in the patients within the lowest PNI tertile. 
PAF and SVT were more commonly detected on 24-h ECG 
Holter recording in patients within lowest PNI tertile. The 
incidence of NSVT did not differ among the groups. The 
baseline clinical and laboratory characteristics of the study 
patients according to the CONUT score are presented in 
Table 2. Patients with higher CONUT scores were signifi-
cantly older and had higher prevalence of hypertension and 
history of CAD as well as lower LVEF, PNI, triglyceride, 

Table 1. Clinical and laboratory characteristics of patients stratified by tertiles of the PNI

Variable Overall PNI p value

tertile 1 
(n = 159)

tertile 2 
(n = 159)

tertile 3 
(n = 159)

Age 60.0±17.8 67.1±15.5 60.6±16.0 52.6±18.9 <0.001a, b, c

Male, % 42.2 42.1 42.1 44 0.926
Hypertension, % 54.4 65.0 51.9 47.1 0.005
Diabetes mellitus, % 21.8 28 22.2 15.5 0.028
CAD, % 24.4 33.8 23.4 16.8 0.002
Smoking, % 19.7 14.6 25.3 20.0 0.061
BMI, kg/m2 24.2±2.4 22.9±2.4 24.5±2.8 24.8±3.0 0.025a, b

LVEF, % 61.4±6.1 60.1±6.8 62.1±5.3 61.9±6.0 0.005a, b

Beta blocker, % 35.7 43.3 30.4 33.5 0.045
Nondihydropyridine calcium channel blockers, % 3.6 1.9 7.0 1.9 0.022
Statin, % 18.2 23.6 15.8 14.8 0.089
CONUT score 1.36±1.2 2.79±2.0 0.71±0.9 0.6±1.0 <0.001a, b

Serum albumin, g/dL 3.87±0.48 3.31±0.32 3.94±0.11 4.37±0.20 <0.001a, b, c

Total cholesterol, mg/dL 196.3±47.0 188.2±48.4 198.7±45.3 200.6±46.5 0.046b

LDL cholesterol, mg/dL 123.9±39.0 117.4±35.4 123.0±39.0 129.9±41.5 0.046b

HDL cholesterol, mg/dL 49.7±14.9 47.3±15.7 50.8±14.5 50.8±14.8 0.031a, b

Triglyceride, mg/L 141.1±77.3 135.5±69.3 141.2±78.1 145.9±84.6 0.781
Creatinine, mg/dL 1.03±0.5 1.16±1.0 1.02±0.77 0.93±0.75 0.189
White blood cell count, ×109/L 7.72±2.3 7.97±2.5 7.64±2.1 7.38±2.0 0.237
Hemoglobin, g/dL 13.9±4.3 12.9±2.5 13.8±2.8 14.6±3.0 <0.001a, b, c

Lymphocyte count, per mm3 2.10±0.7 1.87±0.7 2.20±0.7 2.23±0.7 <0.001a, b

Heart rate (mean±SD), bpm 77.10±7.35 77.5±7.42 76.7±7.28 77.07±6.57 0.566
PACs, mean±SD, n 986.7±3045.6 1322.2±3353.9 971.1±3085.1 722.8±2727.9 <0.001a, b

Median (interquartile range) 31 (259) 90 (557) 31 (157) 12 (136)
PVCs, mean±SD, n 1619.4±4703.3 1743.8±3950.8 1880.4±5616.9 1307.9±4457.2 <0.001a, b

Median (interquartile range) 10 (638) 137 (1447) 8.5 (458) 2 (289)
PVC burden, mean±SD, % 1.66±1.61 1.87±4.12 1.87±5.27 1.33±4.42 0.001a, b

Median (interquartile range) 0.01 (1) 0.31 (1.35) 0.01 (1) 0.01 (0.53)
NSVT, % 6.9 8.8 8.5 3.8 0.158
PAF, % 9.7 16.2 6.5 7.0 0.006
SVT, % 24.8 34.0 24.0 17.2 0.003

CONUT, Controlling Nutritional Status; LVEF, left ventricular ejection fraction; NSVT, nonsustained ventricular tachycardia; PACs, pre-
mature atrial contractions; PAF, paroxysmal atrial fibrillation; PNI, prognostic nutritional index; PVCs, premature ventricular contractions; 
SVT, supraventricular tachycardia. Significant differences were found between a tertile 1 versus tertile 2, b tertile 1 versus tertile 3, and c ter-
tile 2 versus tertile 3.
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hemoglobin, and higher creatinine. The use of β-blockers 
and nondihydropyridine calcium channel blockers did not 
differ among the three groups. Patients with higher CO-
NUT scores more commonly received statins. Total num-
ber of PACs was lowest in the patients with CONUT score 
0. Total number of PVCs and PVC burden were highest in 
patients with CONUT score ≥3. PAF was more commonly 
detected on 24-h ECG Holter recording in patients with 
higher CONUT scores. The incidence of SVT and NSVT 
did not differ among the groups. The use of statin affects 
serum total cholesterol, and total cholesterol is a compo-
nent of CONUT score. So, we excluded the patients receiv-
ing statins (18.2%) and reanalyzed the data of patients not 
receiving statins. Patients with higher CONUT score more 
commonly had hypertension, PAF, and SVT (p = 0.012,  

p = 0.010, and p = 0.035, respectively). Total number of 
PVCs and PVC burden were highest in the patients with 
highest CONUT scores (p < 0.001, p = 0.005, and p < 0.001, 
respectively). Total number of PACs was lowest in the pa-
tients with CONUT score 0. The incidence of NSVT did 
not differ among the groups (p = 0.171).

Correlations between PNI, CONUT Score, and 
Arrhythmic Events
PNI was strongly and negatively correlated with CO-

NUT score (r = −0.767, p < 0.001). The number of PVCs 
positively correlated with number of PACs (r = 0.260, p < 
0.001). Correlations between PNI and number of PACs  
(r = −0.244, p < 0.001), number of PVCs (r = −0.335, p < 
0.001), and PVC burden (r = −0.342, p < 0.001) were sig-

Table 2. Clinical and laboratory characteristics of patients stratified by CONUT score

Variable CONUT score = 0
(N = 204)

CONUT score = 1–2
(N = 175)

CONUT score ≥3
(N = 98)

p value

Age 58.0±16.7 58.5±18.8 67.6±16.5 <0.001b, c

Male, % 35.3 49.1 46.7 0.117
Hypertension, % 47.3 52.9 74.2 <0.001
Diabetes mellitus, % 19.4 23.3 28.1 0.252
CAD, % 14.4 29.1 38.2 <0.001
Smoking, % 20.9 24.4 11.2 0.042
BMI, kg/m2 24.6±3.3 24.6±2.3 23.4±1.3 0.030b, c

LVEF, % 62.4±5.3 61.4±5.9 59.1±7.7 0.002b, c

Beta blocker, % 31.3 38.4 40.4 0.215
Nondihydropyridine calcium channel blockers, % 2.5 4.1 5.6 0.402
Statin, % 11.9 22.1 28.1 <0.001
PNI 41.0±3.2 39.3±4.1 32.5±4.4 <0.001a, b, c

Serum albumin, g/dL 4.03±0.42 3.91±0.42 3.1±0.53 <0.001a, b, c

Total cholesterol, mg/dL 225.2±34.7 176.6±41.9 167.5±44.0 <0.001a, b

LDL cholesterol, mg/dL 146.3±32.2 106.7±35.2 103.9±32.2 <0.001a, b

HDL cholesterol, mg/dL 51.9±15.8 49.2±14.2 45.7±13.9 0.006b

Triglyceride, mg/dL 160.9±90.3 126.6±66.6 123.5±50.3 <0.001a, b

Creatinine, mg/dL 0.92±0.6 1.04±0.74 1.29±0.9 0.007a, b

White blood cell count, ×109/L 7.45±2.5 7.76±2.3 8.19±4.2 0.685
Hemoglobin, g/dL 14.0±1.5 14.4±6.5 12.7±3.1 <0.001b, c

Lymphocyte count 2.42±0.7 2.03±0.7 1.52±0.7 <0.001a, b, c

Heart rate (mean±SD), bpm 76.99±7.11 76.45±7.42 77.84±6.35 0.379
PACs, mean ± SD, n

Median (interquartile range)
638.2±2,322.6
17 (127)

1,075.2±2,944.8
37 (377)

1,562.6±4,080.7
108 (1,012)

<0.001a, b

PVCs, mean ± SD, n
Median (interquartile range)

1,422.2±5,055.8
1 (276)

1,826.0±4,814.9
11 (728)

1,802.5±3,813.9
179.5 (1,963)

<0.001b, c

PVC burden, mean ± SD, %
Median (interquartile range)

1.43±4.8
0 (0.48)

1.84±4.6
0.01 (1)

1.97±4.2
1 (2.1)

<0.001b, c

NSVT, % 3.5 8.4 12.3 0.158
PAF, % 8.4 6.6 20.7 <0.001
SVT, % 21.8 23.4 34.6 0.070

Abbreviations as in Table 1. Significant differences were found between a CONUT score = 0 versus CONUT score = 1–2, b CONUT score 
= 0 versus CONUT score ≥3, and c CONUT score = 1–2 versus CONUT score ≥3.
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nificant. Correlations between CONUT score and num-
ber of PACs (r = 0.215, p < 0.001), number of PVCs (r = 
−0.206, p < 0.001), and PVC burden (r = −0.220, p < 
0.001) were significant.

Multivariate and ROC Analyses
Multivariate analysis revealed PNI as an independent 

predictor of the presence of PVC (OR = 0.936, 95% CI: 
0.891–0.984, p = 0.009) and PAF (OR = 0.911, 95% CI: 
0.853–0.973, p = 0.005) (Table 3). Also, multivariate anal-
ysis revealed CONUT score as an independent predictor 
of the presence of PVC (OR = 1.177, 95% CI: 1.010–1.372, 
p = 0.037) and PAF (OR = 1.210, 95% CI: 1.016–1.440,  
p = 0.032) (Table 4). The ROC curve of the PNI as a mark-
er to predict the presence of PVC is illustrated in Figure 
1. The cut-off value was 39.41 as identified by ROC. The 
area under the curve of the PNI for predicting the pres-
ence of PVC was 0.650 (95% CI: 0.599–0.701, p < 0.001). 
A PNI value of 39.41 had a sensitivity of 62% and specific-
ity of 66.5%.

Discussion

The present study showed that low PNI and high CO-
NUT score were significantly associated with frequent 
PACs, frequent PVCs, and PAF detected on 24-h ECG 
Holter recording in patients without manifested arrhyth-
mia. To the best of our knowledge, this is the first study to 
evaluate relationship between nutritional status, estimat-
ed by PNI and CONUT score, and arrhythmic events on 
24-h ECG Holter recording. The findings of this study 
suggest that evaluation of nutritional risk may be impor-
tant for predicting arrhythmic events in patients without 
manifested arrhythmia. The PNI and CONUT score were 
demonstrated to be objective and simple tools for assess-
ment of nutritional status [7, 8]. Subsequently, a number 
of clinical studies were conducted to evaluate the associa-
tion of the PNI and CONUT score with CVD morbidity 
and mortality in many patient cohorts. The PNI and CO-
NUT score have been shown to predict adverse outcomes 
in patients with acute and chronic heart failure [1, 3, 10]. 
Also, PNI and CONUT score were found to be indepen-
dent predictors of adverse outcomes in patients with CAD 
[4, 9, 11, 12]. Whether the adverse outcomes in these study 
cohorts are related to arrhythmias is still unclear.

Table 3. Multivariate analysis including PNI

Odds ratio 95% confidence 
interval

p value

Predictors of PVCs
PNI 0.936 0.891–0.984 0.009
Age 1.033 1.019–1.047 <0.001
LVEF 0.873 0.825–0.924 <0.001

Predictors of PAF
PNI 0.911 0.853–0.973 0.005
LVEF 0.904 0.858–0.954 <0.001
CAD 1.267 1.106–1.671 0.005

Abbreviations as in Table 1.

Table 4. Multivariate analysis including CONUT score

Odds ratio 95% confidence 
interval

p value

Predictors of PVCs
CONUT score 1.177 1.010–1.372 0.037
Age 1.037 1.023–1.051 <0.001
LVEF 0.881 0.833–0.932 <0.001

Predictors of PAF
CONUT score 1.210 1.016–1.440 0.032
Age 1.041 1.016–1.066 <0.001
LVEF 0.908 0.861–0.957 <0.001
CAD 1.279 1.109–1.714 0.008

Abbreviations as in Table 1.
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Malnutrition is commonly prevalent in patients with 
several CVDs [1, 13, 14]. So far, however, not many 
studies have evaluated the relationship between nutri-
tional indices, malnutrition, and arrhythmia. More data 
have recently been provided on the relationship between 
atrial fibrillation and nutritional indices. Zhu et al. [15] 
reported that poor nutritional status assessed by CO-
NUT score is associated with recurrence of AF following 
ablation. In older patients with nonvalvular AF, moder-
ate to severe malnutrition assessed by CONUT score 
and PNI was found to be significantly associated with 
adverse outcomes including thromboembolic events 
and death [14]. In previous studies using BMI as a tool 
to estimate nutritional status, being underweight was re-
ported to be a risk factor for developing AF [16, 17]. In 
our study, incidence of PAF detected on 24-h ECG Holt-
er recording was higher in those with lower PNI and 
higher CONUT score compared with patients with 
higher PNI and lower CONUT score. The main differ-
ences in our study are using simple, validated tools for 
estimating nutritional status, and study population con-
sists of younger, ambulatory patients without manifest-
ed arrhythmia. In a meta-analysis including 198,000 pa-
tients without history of AF, PACs on 24–48-h ECG 
Holter recording were significantly associated with AF, 
first stroke, and mortality [18]. In our study, number of 
PACs and incidence of PAF were higher in patients with 
poor nutritional status.

Studies evaluating the relationship between malnu-
trition and arrhythmias are scarce. Even fewer studies 
have focused on the impact of malnutrition on arrhyth-
mias other than AF. Malnutrition represented as low ge-
riatric nutritional risk score was significantly associated 
with mortality in patients who underwent pacemaker 
implantation for bradycardia [19]. Recently, the rela-
tionship between BMI and ventricular arrhythmia has 
been studied. In a study including patients with im-
plantable cardioverter-defibrillator and ischemic car-
diomyopathy, patients with normal BMI compared to 
overweight and obese patients were found to have more 
recurrent ventricular arrhythmias and higher mortality 
[20]. But underweight patients were not included in this 
study. In a small study including hospitalized patients, 
malnourished patients (BMI <18.5) had longer QTc in-
terval on ECG than nonmalnourished patients [21]. In 
patients with cardioverter-defibrillator, the frequency of 
arrhythmic events was significantly increased and the 
incidence of ventricular tachycardia/ventricular fibrilla-
tion was markedly higher in patients with stage IV can-
cer than in patients with earlier stages [22]. Cancer is a 

well-known risk factor for malnutrition, and there may 
be a link between malnutrition and ventricular arrhyth-
mias in cancer patients, but we can only speculate about 
this link based on this study because of the lack of data 
on the nutritional status of participants. In our study, 
although the number of PVCs was higher in patients 
with poor nutritional status than in patients with better 
nutritional status, incidence of NSVT did not differ be-
tween groups.

Although there is increasing evidence on the rela-
tionship between malnutrition and arrhythmias, there is 
no clear explanation for the underlying pathophysiolo-
gy. One possible mechanism for this relationship is in-
flammation, as malnutrition is associated with chronic 
inflammation and studies have suggested that there is a 
relationship between inflammation and arrhythmias 
[23–25]. Other possible mechanisms that may explain 
the increased risk of having arrhythmic event in the 
presence of malnutrition are electrolyte imbalance and 
deficiency of trace elements and vitamins [26]. Endothe-
lial dysfunction is present in patients with arrhythmias 
and is associated with adverse outcomes, and malnutri-
tion has been shown to be associated with endothelial 
dysfunction [27, 28]. It has been reported that malnutri-
tion affects cardiac autonomic system in children and 
some studies in animals have suggested that protein 
malnutrition causes changes in renin-angiotensin sys-
tem and sympathetic activity [29–31]. These changes 
may cause formation of an arrhythmia substrate or pre-
disposition to arrhythmias.

This study has several limitations. One important 
limitation is that approximately 9 months of the study 
included the period of the COVID-19 pandemic. Dur-
ing this period, the increased stress and anxiety levels of 
the patients and changing lifestyles may have triggered 
changes in their nutritional status and development of 
possible arrhythmias. Effects of all potential confound-
ing factors on arrhythmia cannot be controlled because 
of the retrospective design of the study. Also, there is the 
possibility of bias for nutritional indices from unmea-
sured confounders such as dietary habits or undiag-
nosed systemic illness. The observational nature of this 
study did not allow us to make a cause-and-effect expla-
nation for the nutritional status that was associated with 
arrhythmic events. There is known daily variability in 
PAC and PVC frequency, and this might have affected 
the findings of our study. Further studies are needed to 
validate the clinical application of nutritional indices in 
the diagnosis and management of arrhythmias.
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Conclusions

In our study, poor nutritional status, represented by 
low PNI and high CONUT score, was found to be associ-
ated with PACs, PVCs, and PAF on 24-h ECG Holter re-
cording in patients without manifested arrhythmia. No 
single nutritional index to date has been integrated into 
routine cardiology practice, and findings of our study 
suggest that nutritional indices might be useful for pre-
dicting arrhythmic events.
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