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Original Article

Preoperative nutritional state is associated with mid- and  
long-term mortality after cardiac surgery
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Background: The frailty score has been developed to determine physiological functioning capacity. The 
aim of our research was to explore the relationship between frailty factors and mortality in cardiac surgery 
patients.
Methods: Our research is an observational, single-center, prospective cohort study (registered on 
ClinicalTrials.gov: NCT02224222), and we studied 69 patients who underwent elective cardiac surgery 
between 2014 and 2017. Thirty days before the surgery, they completed a questionnaire that contained 
questions related to social support, self-reported life quality-happiness, cognitive functions, anxiety and 
depression. Demographic, anthropometric and medical data were widely collected. The Geriatric Nutritional 
Risk Index (GNRI) and the Comprehensive Geriatric Assessment (CGA)-based frailty index were calculated 
as a sum and the domains, respectively. Cox regression and the Kaplan-Meier tests were applied to analyze 
survival and relative risk. The primary outcome was mid-term mortality.
Results: The patients’ mean age was 65.43 years [standard deviation (SD): 9.81 years]. The median follow-
up was 1,656 days of survival [interquartile range (IQR), 1,336–2,081 years], during this period 14 patients 
died. The median of EuroSCORE II was 1.56 (1.00–2.58) points. The median preoperative albumin level 
was 32.80 g/L (IQR, 29.9–35.8 g/L). Major adverse cardiovascular and cerebral events (MACCEs) occurred 
7 times during follow-up. The nutrition score of the CGA was significantly associated with worse long-term 
survival [score; hazard ratio (HR): 5.35; 95% CI: 1.10–25.91, P=0.037]. After adjustment for EuroSCORE 
II and postoperative complications the noncardiovascular CGA score was associated with overall mortality 
[adjusted hazard ratio (AHR): 1.44, 95% CI: 1.02–2.04, P=0.036]. In the multivariable Cox regression, 
GNRI <91 showed an increased risk for mortality (AHR: 4.76, 95% CI: 1.52–14.92, P=0.007).
Conclusions: The CGA-based noncardiovascular score and nutritional status should be assessed before 
cardiac surgery prehabilitation and may help decrease long-term mortality. 
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Introduction

Several well-developed stratification systems exist to 
estimate outcomes after surgery (1,2). Clinical experience 
suggests that there should be other factors influencing 
postoperative outcome in addition to routine physiological 
risk stratifications. These are likely to be social, functional 
and psychological (3,4). Over the past two decades, 
researchers have begun to address frailty, which is used to 
describe a multidimensional syndrome of reserve deficiency 
(cognitive function, health status, physical ability), although 
it has not been easy to standardize. Our previous report 
studied psychological factors, such as dementia, depression, 
and anxiety, in cardiac surgery patients, in which low levels 
of education and anxiety were associated with mid-term 
mortality (5). Recently, examination of patients’ physical 
status, such as nutritional status, has been needed. Program 
designers can use the information about frailty to determine 
the range of services that might be required and satisfies the 
estimated need for them. Stratification of frailty can help in 
planning interventions or the prediction of a patient’s risk of 
adverse outcomes or the need for hospital or rehabilitation 
care (6) .  For morbidity,  mortal i ty,  postoperat ive 
complications and length of hospital stay frailty are an 
independent risk factors in the field of surgery (7).

The short- and mid-term survival of frail patients who 
have undergone cardiac surgery is significantly worse than 
the non-frail population (8-11).

Currently, there are a variety of scoring systems that 
calculate frailty, one of which is the comprehensive 
geriatric assessment (CGA). It is a multidimensional, 
multidisciplinary diagnostic and therapeutic process to 
determine the medical comorbidities, functional status, 
cognitive function, emotional condition, nutritional status, 
frequent use of multiple drugs, and geriatric syndromes 
(urinary incontinence, risk of falling, delirium, visual or 
hearing difficulties) and to develop a harmonized treatment 
and follow-up plan (12,13). 

In older people’s nutritional status, many factors play 
an important role, such as increased drug use, dementia, 
loss of appetite, swallowing difficulties, and social  
isolation (14). Geriatric patients are more sensitive to 
malnutrition, which causes an increased risk of mortality 
and infection, a prolonged hospital stay, and admission to 
aged care facilities (15,16). The Geriatric Nutritional Risk 
Score (GNRI) is a numerical value based on body weight 
and serum albumin (17).

The aim of this study 

We aimed to discover the usefulness of CGA and GNRI 
in addition to the assessment of depression and anxiety in 
patients undergoing elective cardiac surgery. Furthermore, 
the study population was compared to the Hungarian 
population.

We present the following article in accordance with the 
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/apm-21-1015).

Methods

This prospective cohort  study was registered on 
ClinicalTrials.gov (25/08/2014; NCT02224222) and 
approved by the Regional Ethics Committee (TuKEB 
250/2013). Patients were invited to be part of this study, 
while they were at the anesthesia consultation. All methods 
were conducted in accordance with the relevant guidelines 
and regulations (Declaration of Helsinki). Five to 30 days 
before the elective surgery the baseline questionnaires were 
collected. The inclusion criteria were: age over 18 years, 
native Hungarian speaker and elective cardiac surgery. 
Exclusion criteria were: pregnancy, legal incapacity or 
limited ability to understand the procedures and ethical 
approval. All patients were able to make a choice to 
participate in the study and gave written informed consent 
accordingly. Eighty-five adult patients provided informed 
consent and were enrolled prospectively at the Department 
of Cardiac Surgery of the Heart and Vascular Centre of 
Semmelweis University, Budapest between September 
2014 and August 2017. Because of surgical cancellation, 6 
patients were excluded. Eight participants were unable to 
complete the tests because they had a different surgery type, 
and two additional participants were excluded due to heart 
transplantation or transcatheter aortic valve implantation 
(Figure 1).

Data collection and scoring systems

Clinical factors, such as preoperative medical history, 
perioperative laboratory parameters (blood counts, ion 
homeostasis, liver function, renal function, etc.) (18), 
intraoperative variables (operation time, cross-clamp 
time, blood loss, fluid balance), postoperative factors 
[fluid balance, intensive care unit (ICU) stay, hospital stay, 
medications, etc.] were collected, outcomes, incidence 
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and quality of postoperative complications [major 
cerebrovascular or neurological event (MACCE) (19); 
multi-organ failure, cardiac arrest, sepsis etc. based on 
the STS definition references (20)] were compiled. The 
international normalized ratio (INR) excluded Model for 
End-Stage Liver Disease (MELD) score (MELD-XI) was 
calculated as follows: 

 
5.1*ln 11.76*ln 9.44mg mgtotalbilirubin creatinine

dl dl
      + +      

      
 [1]

Values below 1 are taken as 1 to avoid a negative result. 
Many cardiovascular patients undergo oral anticoagulation 
therapy, which greatly affects the INR and distorts the 
result. In cases where the patient’s albumin level was not 
available, 65% of the total protein level was used. The 
medical record was used to capture comorbid conditions 
and illness severity and underlies the calculation of cardiac 
surgery risk scores. These risk scores are widely used 
to predict the outcomes of patients undergoing cardiac 
surgery. The risk scores used in this study were the 
logistic EuroSCORE (21) and the American Society of 

Anaesthesiologist risk score (ASA score) (22,23). 

Psychosocial factors

Patients were asked to complete the following questionnaires 
regarding psychosocial factors: the Spielberger State-Trait 
Anxiety Inventory (STAI-S, STAI-T), the Beck Depression 
Inventory (BDI), the Devins Illness Intrusiveness Rating 
Scale, the Geriatric Depression Scale, the Mini Mental State 
Examination (MMSE), the Somatic Symptom Severity Scale, 
the Caldwell Social Support Dimension Scale (CSSDS), 
and specific parts of the Hungarostudy (HS) survey [a 
representative national study from 2013, used as a control 
group, measuring biopsychosocial background, diseases and 
health-related quality of life (HRQ)]. The details of these 
questionnaires have been previously described (24).

Self-reported satisfaction and happiness questionnaire 
was completed by the participants using a one to ten 
scale. These values were noted earlier as crucial aspects of 
defining the long-term mortality of healthy adult volunteers 
(25,26).

Anxiety was determined by using two scales from 

Figure 1 Follow-up. The picture above shows that between September 2014 and August 2017, 85 adult patients provided informed consent 
and were enrolled prospectively at the Department of Cardiac Surgery of the Heart and Vascular Centre of Semmelweis University, 
Budapest, Hungary. Six patients were excluded because of surgical cancellation. Eight participants were unable to complete the tests because 
they had a different surgery type, and two additional participants were excluded due to heart transplantation or transcatheter aortic valve 
implantation.

Enrollment

Follow-up

Assessed for eligibility (n=85)

69 completed preopoerative 
questionnaire
2 in-hospital death

At the last check for mortality on 
02.11.2020

55 patients were alive

Excluded (n=16)
- Cancelled surgery (n=6)
- Unable to complete tests (n=8)
- Heart transplantation (n=2)
- Transcatheter aortic valve implantation (n=1)

5 patients died during 1-year follow-up 

2 patients died during the 2-years follow-up 

0 patients died during the 3-years follow-up 

5 patients died after the 3-years follow-up 
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the Spielberger State-Trait Anxiety Inventory (STAI-S, 
STAI-T), which examines the factors that influence 
information and stimulus processing. Current anxiety and 
the tendency toward anxiety were examined (27). In the 
Hungarian population, the STAI has well-documented high 
validity and reliability (28). 

The BDI measures affective disorders. The BDI is a 
self-administered 21-item cognitive questionnaire and is 
a conventional tool for mapping depression (29). In the 
Hungarian population, the validity and reliability of the 
BDI are high (30). 

To analyse the effect of the patient’s illness on different 
social issues, the Devin’s Illness Intrusiveness Rating Scale 
was used. This 13-item questionnaire examines lifestyle 
disorders caused by illness, activities and interests that can 
jeopardize good psychosocial health status and contribute to 
emotional distress in chronic diseases (31). 

The Geriatric Depression Scale (GDS) is a short, self-
administered questionnaire with simple yes-or-no questions 
that contains 30 items to assess the appearance of depression 
in the elder population. A short form of the GDS, which 
includes fifteen questions, was used (32). 

Cognitive function was screened with the Mini-Mental 
State Examination (MMSE) questionnaire. The MMSE is a 
cognitive test that is suitable to screen for signs of dementia. 
The test assesses a wide range of areas, covering short-term 
memory, auto- and allopsychic orientation, language use, 
arithmetic computation and basic visual-motor skills (33).

The Somatic Symptom Severity Scale [Patient Health 
Questionnaire 15 (PHQ15)] examines various symptoms, such 
as dizziness, gastrointestinal disorders, dyspnoea and chest 
pain. In addition, 2 parts from the mood section (exhaustion 
and sleep) are scored 0 (“not at all”), 1 (“several days”) or 2 
(“more than half the days” or “nearly every day”) (34). 

The brief form of the Athens Insomnia Scale Inventory 
(AIS-5) was used, and moderate or severe insomnia was also 
documented. AIS-5 is ≥4 was the cut-off score, which is 
indicating possible insomnia (35). 

Finally, the CSSDS measures the patient’s social web 
structure. The bond of different interpersonal relationships 
and how much the participant can count on those around 
them were studied. A familial (grandparents, parents, 
spouse, children and other relatives) and nonfamilial 
(neighbor, schoolmate, colleagues, other clerical or social 
company) support score was established (36,37).  

Our dataset was compared to the HS population. 
Nationally representative, free-access, face-to-face 
household surveys are carried out in Hungary every 10 years,  

most recently in 2013 (n=2,000) (38,39). The HS consists 
of basic questions about age, gender, education, physical 
status, marital status, religion, and the inventories listed 
above. Furthermore, it includes the BDI, AIS, STAI, 
CSSDS, PHQ15 and Devin’s Illness Intrusiveness Rating 
Scale. In the HS, additional questions were asked about 
alcoholic beverage consumption, smoking habits and 
income. A shorter form of the HS 2013 was used in our 
study to compare the two populations. The propensity 
score matching method was used to compare the identical 
questions. The data was compared based on age, sex, 
residence and employment state.

CGA-based frailty

Historically, data collection for the frailty scoring 
system has not been routinely performed by the patient’s 
treatment team. The frailty score was calculated for each 
participant at the time of preoperative assessment. The 
score was calculated only after the patient selection has 
been completed. The medical charts were used to obtain 
an accurate patient history on both cardiac and noncardiac 
comorbidities. Furthermore, these were used to collect 
the pre- and post-operative laboratory results. During the 
preoperative questionnaire patients’ living situation and 
their social assistance were asked (17). The frailty score 
(range, 0–41) was based on the CGA model of frailty. It 
was calculated by the proportion of deficits among 41 
items spanning the following 4 domains: medical history, 
functional limitations, cognition, and nutrition.

Medical history (cardiovascular, noncardiovascular and 
medication), functional limitations (Nagi items, Rosow-
Breslau items), cognitive function, and nutritional status 
were used. The cardiovascular score includes angina, 
hypertension, atrial fibrillation or flutter, congestive 
heart failure, diabetes, myocardial infarction, peripheral 
vascular disease, coronary artery disease, and stroke or 
transient ischaemic attack (TIA). The noncardiovascular 
score contains anxiety, asthma, cancer diagnosed within 5 
years or metastatic cancer, arthritis, chronic kidney disease 
[glomerular filtration rate (GFR) <60 mL/min], chronic 
obstructive pulmonary disease (COPD), degenerative 
spine disease, depression (GDS >9), falls in the past year, 
and sensory impairment. The premedication score reports 
the use of ≥5 prescription drugs before the surgery. Nagi 
items include difficulty stooping, crouching or kneeling and 
difficulty lifting or carrying 4.5 kg. Rosow-Breslau items 
are the incapability of walking up or down a flight of stairs 
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and the incapability of doing heavy work around the house. 
Cognitive function was calculated based on the MMSE 
score in the following four groups: <21, 21–23, 24–26, and 
27–30 points. Nutritional status includes serum albumin 
<35.0 g/L, body mass index (BMI) <21 kg/m2, unintended 
weight loss >4.5 kg in the past year (13).

GNRI was calculated based on the following equation:

( )
( )( )

14.89

              41.7
22

gGNRI serumalbumin
dL

preoperativebodyweight kg
standardbodyweight height height m

 = ×  
 

 
+ ×  × × 

 [2]
and the cut-off was 91 (40,41) which means at risk patients 
were <91.

Outcomes

The primary outcome was mortality, last assessed on 
November 2, 2020. Annual mortality up to 3 years was 
also examined. We compared the study population to the 
Hungarian population with data retrieved from the HS 
database.

Statistical analysis

All enrolled patients were included in the analysis set. 
SPSS version 22.0. (IBM Corp. Released 2013. IBM SPSS 
Statistics for Windows, NY, USA) statistical software was 
used to perform statistical analyses, and PSMATCHING3 
extension that is relying on published packages in R.

Continuous variables were described as median and 
interquartile range (IQR, 25th to 75th percentiles) or as 
mean and standard deviation (SD). Categorical variables 
were presented as number (n) and percentage. To determine 
the type of distribution the Kolmogorov-Smirnov test 
and the Shapiro-Wilk test were used. For categorical 
variables, the Chi-square-test was used; for continuous 
variables, nonparametric analysis was used, with the Mann-
Whitney U test as the default. Categorical variables were 
calculated from continuous scales with cut-off values based 
on international literature. Univariate and multivariable 
Cox regression analyses were also performed. To find 
differences in short-, mid- and long-term survival analyses 
Breslow tests and Kaplan-Meier analysis with log-rank were 
used. To investigate the correlation, Pearson’s correlation 
was used. Statistically significant was considered P<0.05. 
Between the Hungarian patient cohort and our cardiac 

population, a matched analysis was performed by propensity 
for comparative analysis. In propensity score matching, 
pairs were created from the HS representative group and 
the cardiac surgery group according to age, sex, place of 
residence and legal status. Between the treated and control 
groups the balance on baseline covariates was assessed using 
absolute standardized differences. A value less than 0.25 
was considered an acceptable standardized bias. As the pairs 
were created, identical questions were compared to analyze 
the difference in psychological attitude and social state 
between the general and surgical populations.

Results

Descriptive and outcome data

Sixty-nine patients’ data were analyzed. The mean age 
was 65.33 (SD ±9.83) years. Forty-four (63.8%) patients  
were male. During the follow-up (1,656 days, IQR, 1,336–
2,081 days), 14 patients (20.3%) died. In the postoperative 
period, the median length of ICU stay was 2.0 days (IQR, 1.0–
3.0 days). The median length of hospital stay was 10.0 days  
(IQR, 8.0–14.0 days). There were two in-hospital deaths, 
7.2% (5 patients) in the first year, and 2.9% (2 patients) in 
the second year.

The median ASA score was 3.00 (2.00–3.00), while 
the median EuroSCORE II was 1.56 (1.00–2.58). The 
median operation time was 180.0 min (153.50–213.75 min). 
Twenty-five patients underwent coronary artery bypass 
grafting (CABG), 30 underwent valve operations, and 14 
underwent combined operations.

The demographic and perioperative variables are shown 
in Table 1. Those who died were significantly older, and had 
lower serum albumin, GFR and sodium levels than those in 
the survivor group. There was no significant difference in 
C-reactive protein (CRP) levels and white blood cell (WBC) 
levels between the deceased and survivor groups. Between 
the two groups mentioned earlier there were no significant 
difference in the BMI or MELD-XI scores.

We examined the nutritional status of the target 
population. Univariate Cox regression on the CGA-based 
nutritional score showed a correlation between 1 year (HR: 
6.74, 95% CI: 1.30–34.81, P=0.023) and 2 years (HR: 5.37, 
95% CI: 1.10–26.08, P=0.037).

We demonstrated by univariate Cox regression that the 
risk of short- and long-term mortality was higher in those 
who had fewer than 91 GNRI points (HR: 5.75, 95% CI: 
1.98–16.66, P=0.001). Multivariate Cox regression showed 
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that GNRI below 91 was associated with mid- (HR: 4.35, 
95% CI: 1.05–17.98, P=0.042) and long-term (HR: 4.76, 
95% CI: 1.52–14.92, P=0.007) survival after adjustment for 
postoperative complications and EuroSCORE II. A Kaplan-
Meier curve is shown in Figure 2.

We adjusted both the nutritional score based on CGA 
(HR: 5.65, 95% CI: 1.16–27.52, P=0.032) and GNRI 
(HR: 0.16, 95% CI: 0.05–0.47, P=0.001) for MELD-XI, 
and it seems that these scores are independent risk factors 
for short- and long-term mortality. We also examined the 

Table 1 Preoperative variables and overall mortality

Preoperative variables

All patients (n=69, 100%)

Alive (n=55) Dead (n=14)
P valueb

N % Mean/median SD/IQR N % Mean/median SD/IQR

Gender (male) 35 63.64 – – 9 64.29 – – 0.964

Age (years) – – 64.02 9.92 – – 70.50 7.83 0.036

Height (m) – – 1.70 1.64–1.76 – – 1.72 1.66–1.79 0.478

Body weight (kg) – – 81.60 70.00–90.50 – – 82.50 72.50–90.25 0.555

BMI (kg/m3) – – 27.98 4.13 27.60 3.91 0.765

≤18.40 0 0.00 – – 0 0.00 – – 0.597

18.50–24.90 15 27.27 – – 5 35.71 – –

25.00–29.90 28 50.91 – – 5 35.71 – –

≥30.00 12 21.82 – – 4 28.57 – –

EuroSCOREa – – 1.53 0.98–2.04 – – 2.38 1.04–4.94 0.124

MELD-XI – – 9.00 9.00–10.00 – – 11.00 9.00–13.00 0.032

Operation time (min) – – 180.00 154.00–217.00 – – 175.00 150.00–210.00 0.753

Cardiopulmonary bypass (min) – – 96.19 79.25–111.75 – – 119.25 74.75–114.00 0.763

Diabetes mellitus 20 36.36 – – 6 42.86 – – 0.654

Hypertension 51 92.73 – – 12 85.71 – – 0.406

TIA 3 5.45 – – 1 7.14 – – 0.838

COPD 16 29.09 – – 7 50.00 – – 0.151

Neoplasia 3 5.45 – – 0 0.00 – – 0.372

Psychiatric disorder 4 7.27 – – 1 7.14 – – 0.396

Albumin (g/L) – – 33.96 4.86 – – 30.31 6.83 0.033

GFRa (mL/min/1.73 m2) – – 85.00 68.85–93.00 – – 65.05 53.07–81.75 0.015

C-reactive proteina (mg/L) – – 2.17 1.14–3.78 – – 3.01 1.03–5.66 0.425

Serum Naa (mmol/L) – – 140.00 139.00–142.00 – – 139.50 137.00–140.00 0.030

Haemoglobin (g/L) – – 143.56 13.27 – – 127.84 20.98 0.140

BUNa (mmol/L) – – 5.06 4.75–6.62 – – 6.15 4.02–8.57 0.544

WBC (109/L) – – 6.45 5.46–7.72 – – 6.73 4.90–7.77 0.919
a, not normal distribution; b, Pearson chi square test for categorical variables and Man-Whitney U test for continuous variables. BMI, 
body mass index; BUN, blood urea nitrogen; COPD, chronic obstructive pulmonary disease; EuroSCORE, European System for Cardiac 
Operative Risk Evaluation; GFR, glomerular filtration rate; MELD-XI, Model for End-Stage Liver Disease excluding international normalized 
ratio; TIA, transient ischaemic attack; WBC, white blood cell.
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short-term relationship between the nutritional score based 
on CGA (AHR: 7.02, 95% CI: 1.30–37.83, P=0.023) and 
GNRI (AHR: 9.54, 95% CI: 1.27–71.51, P=0.028) and 
BMI, which also suggests independence. We adjusted the 
GNRI to the BMI score in the long term (AHR: 12.19, 
95% CI: 2.81–52.85, P=0.001), which was a significant risk 
factor (Table 2). BMI was not associated with mortality, and 
there were no correlations between albumin and BMI or 
between nutritional score and BMI. BMI and GNRI have a 
negative moderate correlation (Table 3).

A higher noncardiovascular score based on CGA showed 
a 42% increased risk for mortality (AHR: 1.42, 95% CI: 
1.03–1.96, P=0.029). In the multivariate Cox regression, the 
noncardiovascular score also showed a significantly higher 
risk of total mortality after adjustment for postoperative 
complications and the EuroSCORE (AHR: 1.44, 95% CI: 
1.02–2.04, P=0.036). CGA functional items such as Nagi 
and Rosow-Breslau, MMSE, and cardiac score assessed by 
the CGA were not related to mortality (Table 4).

Hungarostudy

The cardiac surgery group was compared with the HS 
group. Sixty-three pairs were made using the propensity 
score matching analysis. The study population reported 
smoking habits or financial difficulties less frequently than 
the HS cohort. The comparison based on the CSSDS 

suggests that the study population receives less social 
support outside of their families than the HS group. The 
balance calculations after propensity score matching analysis 
are shown in Table 5, and the socioeconomic comparison of 
the matched cohorts are shown in Tables 5,6.

Discussion

We found that noncardiovascular medical history and 
nutritional status were associated with higher mortality 
after adjustment for EuroSCORE II and postoperative 
complications. Cognitive state, functional status and cardiac 
risk factors assessed by the CGA frailty tool were not 
related to mortality. An independent relationship existed 
if the model was adjusted for the MELD score, a scoring 
system for estimating hepatic and renal dysfunction. 
Nutritional and noncardiovascular domains of CGA can be 
used in cardiac surgical populations for mid-term mortality 
prediction. The nutritional score is an independent 
predictor after adjustment for BMI in short- and mid-term 
survival.

After cardiac surgery frailty has been acknowledged as a 
risk factor for a poor prognosis and the importance of the 
scoring system is emphasized in different cohorts of patients 
who underwent major surgery (10). The most appropriate 
method for the evaluation of frailty is still lacking. Two 
approaches that have been used frequently are the deficit 
accumulation and phenotypic approaches.

Fried and colleagues developed a phenotypic model that 
concentrate on patient characteristics across the following 5 
items: unintended weight loss, self-reported fatigue, slow gait 
speed, reduced grip strength and low physical activity (42).  
The deficit aspect was first used by the Canadian Study 
of Health and Aging, and the survey contains 70 different 
physical, mental, medical and functional problems (6).  
Considering 30-day morbidity, mortality and failure to 
rescue, the risk was significantly increased for those who 
had dependence in daily living (43).

The CGA uses a multidisciplinary diagnostic method 
to examine medical, psychological, functional, and social 
capabilities. Moreover, it can be used if certain domains 
in the assessment were not done (13). CGA-based frailty 
index (FI-CGA) was compiled based on the previously 
standardized CGA and population clinical trials, also in 
cardiology (44). The FI-CGA was associated with a higher 
risk of death and hospital readmissions (45-47). In our study 
population, the parts of the frailty assessment that deal with 
difficulties in everyday movements like kneeling, writing 

Figure 2 Kaplan-Meier survival based on the GNRI score (green: 
GNRI ≥91; blue: GNRI <91). The picture above shows a log-rank 
test in a Kaplan-Meier curve. Follow-up time is given in years. 
GNRI, Geriatric Nutritional Risk Index.
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Table 2 Noncardiovascular score, nutritional score and GNRI’s univariant and multivariant Cox regression

Follow-up Scores

Univariant Cox regression Multivariant Cox regression

Exp(B)
95% CI for Exp(B)

P value Exp(B)
95% CI for Exp(B)

P value
Lower Upper Lower Upper

1-year mortality Non-cardiovascular Score 1.16 0.71 1.90 0.530 1.21 0.71 2.07 0.488

Nutritional Score 6.74 1.30 34.81 0.023 15.05 2.26 100.17 0.005

Nutritional Scoreb 7.02 1.30 37.83 0.023

GNRI 4.86 1.09 21.78 0.039 3.44 0.65 18.17 0.150

GNRIa 5.64 1.21 26.39 0.028

GNRIb 9.54 1.27 71.51 0.028

2-year mortality Nutritional Score 5.37 1.10 26.08 0.037 3.64 0.51 25.78 0.197

Nutritional Scorea 10.77 1.86 62.15 0.008

Nutritional Scoreb 5.35 1.07 26.69 0.041

GNRI 5.51 1.47 20.57 0.011 4.35 1.05 17.98 0.042

GNRIa 5.93 1.56 22.58 0.009

GNRIb 10.38 1.74 61.82 0.010

Total mortality Cardio Score 0.94 0.61 1.44 0.778 0.78 0.47 1.28 0.330

Noncardiovascular Score 1.42 1.03 1.96 0.029 1.44 1.02 2.04 0.036

Premedication Score 1.20 0.41 3.46 0.733 1.07 0.36 3.21 0.904

Nagi Score 1.02 0.44 2.34 0.963 1.01 0.47 2.60 0.820

Rosow Score 1.67 0.68 4.06 0.259 1.69 0.65 4.35 0.280

MMSE Score 0.47 0.01 13.35 0.663 0.25 0.01 12.43 0.486

Nutritional Score 3.59 0.79 16.21 0.095 5.65 1.16 27.52 0.032

Nutritional Scoreb 3.61 0.78 16.69 0.101

Frailty Score 1.169 0.96 1.41 0.105 1.13 0.92 1.38 0.234

GNRI 5.75 1.98 16.66 0.001 4.76 1.52 14.92 0.007

GNRIa 6.17 2.10 18.13 0.001

GNRIb 12.19 2.81 52.85 0.001

Adjusted for postoperative complications and EuroSCORE II. a, adjusted for MELD-XI; b, adjusted for BMI. BMI, body mass index; CI,  
confidence interval; GNRI, Geriatric Nutritional Risk Index; MELD-XI, Model for End-Stage Liver Disease excluding international  
normalized ratio. 

Table 3 BMI correlation to nutritional parameters

Nutritional parameters
BMI correlation

Pearson correlation P value

Albumin (g/L) 0.09 0.434

Nutritional score −0.12 0.343

GNRI −0.41 <0.001

BMI, body mass index; GNRI, Geriatric Nutritional Risk Index.
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Table 4 Psycho-social questionnaires

Psycho-social factors

All patients (n=69, 100%)

Alive (n=55) Dead (n=14)
P value

N % Median IQR N % Median IQR

MMSE – – 29.00 28.00–29.00 – – 28.50 26.75–29.00 0.136

GDS – – 3.00 1.00–6.00 – – 7.00 3.00–7.00 0.036

Beck – – 6.00 4.00–11.00 – – 10.00 3.00–15.00 0.306

STAI-S – – 40.00 34.50–44.00 – – 39.00 34.50–45.50 0.922

STAI-T – – 39.00 33.00–46.00 – – 41.00 5.75–46.25 0.498

Smoking

Never 20 36.36 – – 5 35.71 – – 0.984

Used to 25 45.45 – – 7 50.00 – –

Active smoker 4 7.27 – – 1 7.14 – –

Physical exercise/week* – – 3.00 0.00–6.00 – – 0.00 0.00–6.00 0.231

Other, non-sport physical activity* – – 2.00 0.00–5.00 – – 1.00 0.00–3.00 0.312

Consumption of alcoholic beverages [1–5]* – – 2.00 0.00–5.00 – – 2.00 2.00–3.00 0.150

Religion

Not religious 18 32.73 – – 2 14.29 – – 0.512

Does not practice religion 11 20.00 – – 4 28.57 – –

Practices in its own way 9 16.36 – – 3 21.43 – –

Rarely, practices in church 4 7.27 – – 0 0.00 – –

Practices regularly in church 8 14.55 – – 3 21.43 – –

Religion in everyday life [1–5]* – – 2.00 1.00–3.00 – – 2.00 1.5–3.00 0.264

Education*

Less than 8 classes 1 1.82 – – 0 0.00 – – 0.421

8 classes 6 10.91 – – 2 14.29 – –

Vocational training 14 25.45 – – 6 42.86 – –

Vocational high school 10 18.18 – – 0 0.00 – –

High school graduation 6 10.91 – – 2 14.29 – –

College or university degree 14 25.45 – – 2 14.29 – –

Self-reported health condition [1–10]* – – 3.00 2.50–3.00 – – 3.00 2.00–3.00 0.206

Self-reported life satisfaction [1–10]* – – 7.00 5.00–8.00 – – 8.00 7.00–9.00 0.293

Self-reported happiness [1–10]* – – 7.00 5.00–9.00 – – 8.00 6.00–9.00 0.823

In-hospital-days—last year* – – 4.00 0.00–10.00 – – 10.00 0.00–14.00 0.102

Chi square test was used for categorical variable statistics. *, continuous variable Mann-Whitney U test was used. Beck, Beck’s  
Depression Inventory; IQR, interquartile range; MMSE, Mini-Mental State Examination; GDS, Geriatric Depression Scale; STAI-S,  
State-Trait Anxiety Inventory-State; STAI-T, State-Trait Anxiety Inventory-Trait.
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(Nagi score), walking up or down a flight of stairs, or doing 
heavy work around the house (Rosow-Breslau score) were 
not significant. Therefore, we looked deeper into the other 
domains.

In accordance with our results,  the CGA-based 
noncardiovascular domain was associated with increased 
mortality after cardiac surgery (48-50). The domain is a 
useful tool for summarizing the prediction of diseases, 
such as anxiety, arthritis, sensory impairment, etc., which 
are not assessed by the EuroSCORE II or the MELD 
score but characterize the general condition of frail 
patients. In contrast to our previous results in the vascular 
surgical population, cognitive dysfunction measured by 
MMSE was not associated with mortality among patients 
undergoing cardiac surgery. While the explanation for 
this requires more detailed investigation, we can initially 
conclude that despite the common precipitating factors, 
such as atherosclerosis, sedentary lifestyle, diabetes, and 
hypertension, the two populations differ from each other in 
cognitive dysfunction, incidence of stroke or TIA.

Nutrition, obesity and muscle weakness have also been 
used to assess frailty in older patients because these can 
cause infection, loss of physical function, and an elevated 
mortality rate (48). A reduction in physical function and 
activity, appetite and energy consumption may lead to the 

progression of malnutrition (17,40,51). Calculation of BMI 
has been widely used in risk stratification with conflicting 
results. We have also found that BMI was not associated 
with mortality (17,52). The serum albumin is a good 
indicator of malnutrition. Former studies have shown that 
low serum albumin is correlated with adverse outcomes 
after cardiovascular surgery (53). In patients who underwent 
cardiac surgery, a lower serum albumin level (<3.5 g/dL) 
was associated with a higher risk of mortality (P<0.001) (54).  
Calculation of the nutritional state is an easy and 
inexpensive method, and can be used for optimal planning 
or rehabilitation in patients waiting for cardiac surgery.

Elderly people who have many comorbidities, such as 
cirrhosis, COPD and chronic renal failure, are prone to 
have a weaker nutritional status because of their physical 
impairments and drug-related factors. For example, the 
liver plays an important role in nutritional status through 
the production of albumin. Recently, hepatic dysfunction, 
regardless of the congestive or hypoxic nature, has been 
found to be an important predictor of mortality in advanced 
heart failure or after heart transplantation. Calculation 
of the MELD score has become an essential part of 
investigations before transplantation (55).   

In patients with cirrhosis, the 30-day mortality rate 
after cardiac surgery was higher (17). Our results are in 

Table 5 Propensity score matched pairs balance calculations (cardiac surgery group vs. Hungarostudy group)

Pairing criteria Hungarostudy population Cardiac surgery patients Abs. St. Diff.

Age (years), median [IQR] 67 [59–76] 67 [60–72] 0.0812

Sex (male), n (%) 37 (58.7) 38 (60.3) 0.0174

Residence, n (%)

Budapest 22 (34.9) 27 (42.9) 0.1004

County seat 8 (12.7) 7 (11.1) 0.0335

Town 22 (34.9) 19 (30.2) 0.0645

Village 11 (17.5) 10 (15.9) 0.0287

Employment state, n (%)

Working: public servant 4 (6.3) 3 (4.8) 0.0483

Working: employee 9 (14.3) 13 (20.6) 0.1126

Working: entrepreneur 2 (3.2) 2 (3.2) 0.0000

Unemployed 4 (6.3) 3 (4.8) 0.0483

Disability pensioner 3 (4.8) 3 (4.8) 0.0000

Pensioner 41 (65.1) 39 (61.9) 0.0341

The propensity score matching is based on the variables shown above. IQR, interquartile range; Abs. St. Diff., absolute standardised difference.
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Table 6 Propensity score matched pairs (cardiac surgery group vs. Hungarostudy group)

Psycho-social factors

All patients (63 pairs)

Cardiac surgery group Hungarostudy group
P value

N % Median IQR N % Median IQR

Smoke

Never 29 46.03 – – 35 55.56 – – 0.014

Used to 29 46.03 – – 15 23.81 – –

Active smoker 5 7.94 – – 13 20.63 – –

Physical exercise/week* – – 1.00 1.00–2.00 – – 1.00 1.00–1.00 0.016

Other, non-sport physical activity* – – 1.00 0.00–3.75 – – 3.00 1.00–4.00 0.006

Consumption of alcoholic beverages [1–5]* – – 2.00 1.00–3.00 – – 2.00 1.00–4.00 0.836

Religion

Not religious 25 39.68 – – 21 33.33 – – 0.519

Does not practice religion 13 20.63 – – 15 23.81 – –

Practices in its own way 11 17.46 – – 11 17.46 – –

Rarely, practices in church 3 4.76 – – 8 12.70 – –

Practices regularly in church 11 17.46 – – 8 12.70 – –

Religion in everyday life [1–5]* – – 2.00 1.00–2.00 – – 1.00 1.00–3.00 0.845

Education*

Less than 8 classes 1 1.59 – – 2 3.17 – – 0.433

8 classes 8 12.70 – – 14 22.22 – –

Vocational training 23 36.51 – – 17 26.98 – –

Vocational high school 10 15.87 – – 10 15.87 – –

High school graduation 8 12.70 – – 12 19.05 – –

College or university degree 13 20.63 – – 8.00 12.70 – –

In a relationship 37 58.73 – – 31 49.21 – – 0.284

Live alone 24 38.10 – – 23 36.51 – – 0.854

Financial difficulties 3 4.76 – – 11 17.46 – – 0.023

Patient Health Quality* – – 22.00 18.00–28.00 – – 21.00 16.50–25.00 0.771

Self-reported health condition [1–10]* – – 3.00 3.00–3.00 – – 3.00 3.00–4.00 0.169

Self-reported life satisfaction [1–10]* – – 7.00 5.00–8.00 – – 6.00 5.00–7.75 0.195

Self-reported happiness [1–10]* – – 7.00 5.00–8.00 – – 7.00 5.00–8.00 0.510

In-hospital-days—last year* – – 1.00 0.00–8.75 – – 0.00 0.00–0.00 <0.001

Caldwell Social Support Dimension Scale* – – 21.00 19.00–25.00 – – 23.00 20.50–26.00 0.052

Caldwell Social Support Dimension Scale-family* – – 12.00 9.00–13.00 – – 12.00 10.00–14.00 0.401

Caldwell Social Support Dimension Scale-other* – – 9.00 6.00–11.00 – – 11.00 9.00–13.00 <0.001

Chi square test was used for categorical variable statistics. *, continuous variable Mann-Whitney U test was used. IQR, interquartile range.
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accordance with these findings. The albumin level and 
calculated GNRI score were associated with increased 
mortality. However, our results indicate that hepatic 
dysfunction, defined by MELD scores and the nutritional 
state, calculated by GNRI are independently associated 
with an increased risk for mid-term mortality. Additionally, 
a higher score in the nutritional part of the CGA also 
exhibited a strong relationship with mid- and long-term 
survival in cardiac surgical patients.

The GNRI is a numeric value derived from a formula 
based on serum albumin level, patient height and body 
weight. A value of less than 91 was defined as indicating the 
presence of malnutrition (16,40). Low GNRI was found to 
be a risk factor for mid-term mortality after transcatheter 
aortic valve replacement (56) and a significant factor in the 
complicated postoperative period (14,16). Low GNRI was 
reported to be associated with delayed or no rehabilitation 
after cardiac surgery (57).

Another aim of our study was to compare the cardiac 
surgery population with the general healthy Hungarian 
population. In our study, there were more ex-smokers than 
in the HS study (58). Multiple papers have highlighted the 
importance of social assistance in different clinical situations 
(59,60).

In patients on the waiting list for surgery, low social 
support was associated with a lower likelihood of 
participation in rehabilitation than those with higher social 
support (59). The CSSDS measures the patient’s social web 
structure. The bond of different interpersonal relationships 
and how much the participant can count on those around 
them were studied. Family, neighbours, colleagues 
and friends are represented in the questionnaire (61).  
Our findings suggest that the cardiac study population 
receives less social support outside of their families than 
the HS group, which would be an important factor in 
rehabilitation.

Limitations of the study

The main limitation of our current research is the relatively 
small number of patients. Completing the questionnaire 
took a relatively long time, which made it difficult to 
enroll patients in our research. We have also tried to 
distinguish between our previous studies about depression 
and anxiety, the HS epidemiological survey and the frailty 
assessment tools. First, we wanted to check the feasibility of 
comprehensive frailty tools in patients undergoing cardiac 
surgery. Second, we have tried to apply our recent previous 

experiences, and asked patients to complete both frailty 
and psychosocial questionnaires. Third, we compared our 
study population with the Hungarian survey. Although, in 
the case of psychological and sociological topics, tendencies 
play a major role.

Conclusions

We have found that the CGA-based non-cardiovascular 
score, Nutritional score and low GNRI were independently 
associated with long-term mortality after adjustment 
for EuroSCORE II. and postoperative complications. 
According to our results, older patients can safely 
undergo surgery, but proper risk stratification and or and/
or rehabilitation are needed to achieve optimal results. 
However, further large, multicenter and large database are 
needed to confirm our results.
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