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Serum Prealbumin: a potential predictor of Right Ventricular 
Dysfunction in patients receiving programmed hemodialysis
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INTRODUCTION
Chronic renal failure (CRF) is generally regarded as a progres-
sive loss of nephron mass in an irreversible manner1 and might 
potentially result in end-stage renal failure (ESRF) after a cer-
tain period. In contrast, ESRF inevitably necessitates life-sav-
ing renal replacement therapies, including renal transplanta-
tion, peritoneal dialysis, and hemodialysis (HD)1. In particular, 
malnutrition is commonly encountered in patients receiving 
programmed HD (mild-to-moderate and severe malnutrition 
in 33% and 6–8% of patients, respectively)2. Malnutrition has 
also been a common problem in heart failure (HF) and has a 
strong link with unfavorable outcomes3. Moreover, malnutri-
tion in patients with CRF might lead to a variety of cardiovas-
cular complications that are held responsible for increased mor-
bidity and mortality4. To date, left ventricular (LV) functions 
have been the focus of interest in patients with CRF. However, 
implications of right ventricular dysfunction (RVD) remains 
to be further established in these patients5. Interestingly, HD 

might significantly increase the risk of RVD largely due to the 
hemodynamic impact of brachial arteriovenous fistula that 
leads to a state of left-to-right shunt with consequent increases 
in cardiac preload6.

Clinically, there have been many methods to evaluate mal-
nutrition in HD patients. In this setting, assessment of weight 
loss, anorexia, vomiting, body mass index, upper arm muscle 
circumference, and handgrip strength might aid in the gross 
evaluation of malnutrition in these patients. Moreover, certain 
biochemical parameters including albumin, prealbumin, trans-
ferrin, and insulin-like growth factor might more objectively 
predict an existing malnutrition7. Specifically, prealbumin has 
been regarded as a marker of nutritional and inflammatory sta-
tus, and accordingly, low serum levels of this marker might be 
associated with unfavorable outcomes in the setting of HF7. 
Importantly, RVD has been recently suggested as a predictor 
of cardiovascular death, both in the settings of HF and pro-
grammed HD8.However, the association of prealbumin with 
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SUMMARY
OBJECTIVE: Prealbumin has been a reliable marker to predict protein energy malnutrition and hypercatabolic state. In this analysis, we particularly 

aimed to investigate the potential association between serum prealbumin levels and right ventricular dysfunction in patients receiving programmed 

hemodialysis.

METHODS: A total of 57 subjects were included in the analysis. The subjects were then categorized into two groups: right ventricular dysfunction 

(n=18) and non-right ventricular dysfunction (n=39) groups. In all patients, detailed transthoracic echocardiography (following hemodialysis) were 

performed along with the evaluation of complete blood count, routine biochemistry parameters, and, in particular, serum prealbumin levels.

RESULTS: Mortality rate at 3 years was found to be significantly higher in the right ventricular dysfunction group (p=0.042). Serum prealbumin 

levels were also significantly lower in the right ventricular dysfunction group compared with the non-right ventricular dysfunction group 

(23.83±8.50 mg/dL versus 31.38±6.81 mg/dL, p=0.001). In the receiver operating characteristics curve analysis, a prealbumin cutoff value of 

<28.5 mg/dL was found to predict right ventricular dysfunction, with a sensitivity of 67% and a specificity of 62% (area under the curve: 0.744). 

In the correlation analysis, a moderate yet significant positive correlation was demonstrated between serum prealbumin and tricuspid annular 

plane systolic excursion (r=0.365, p=0.005).

CONCLUSION: This study suggests that low serum prealbumin might serve as a potential predictor of right ventricular dysfunction (and its clinical 

consequences) in patients receiving programmed hemodialysis.
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RVD in the setting of CRF remains to be elucidated. In this 
study, we aimed to focus on the potential link between serum 
prealbumin and RVD in patients receiving programmed HD.

METHODS
The study comprised a total of 57 patients who were catego-
rized into two groups: patients with RVD (RVD group) and 
those without RVD (non-RVD group). RVD and non-RVD 
groups were composed of 18 and 39 patients, respectively. 
Particular inclusion criteria were as follows: the need for a pro-
grammed HD, being at the age of >18 years, having a history 
of programmed HD in a dialysis center three times a week for 
at least 3 months, and having no active infection, malignancy, 
or left HF. In contrast, patients with secondary causes of RVD 
(including chronic obstructive pulmonary disease, morbid obe-
sity, pulmonary hypertension [primary and secondary forms], 
and pulmonary thromboembolism) were excluded from the 
study. The subjects were under regular clinical follow-up on an 
annual basis. Annual clinical, laboratory (e.g., prealbumin and 
C-reactive protein [CRP]), and transthoracic echocardiographic 
(TTE) examinations were regularly filled in follow-up forms. 
Thereafter, the results were statistically analyzed. In particular, 
the potential relationship between RVD and serum prealbu-
min levels was investigated in these patients. The study protocol 
conformed to the Declaration of Helsinki and was endorsed 
by the local Ethics Committee. The committee waived the 
informed consent due to the retrospective nature of the study.

In all patients, TTE and Doppler echocardiographic exam-
ination were performed with a 3.5-MHz transducer. Calculation 
of left ventricular ejection fraction (LVEF) was performed on 
apical two- and four-chamber views using the modified Simpson’s 
method. Evaluation of RV functions was performed based on 
tricuspid annular plane systolic excursion (TAPSE), fractional 
area change (FAC), and E/Eʹ. RVD was defined as a TAPSE 
value of ≤15 mm9. Patients with severe tricuspid regurgitation 
were also excluded as the evaluation of RV systolic functions 
by TAPSE method might not be proper in the setting of severe 
tricuspid regurgitation.

Statistical analysis
All statistical analyses were done by using SPSS software (IBM 
SPSS Statistics for Windows, version 21.0; Armonk, NY, USA). 
Continuous variables with a normal distribution were expressed 
as mean±standard deviation, and variables with non-normal 
distribution were expressed as median (interquartile range). 
Categorical variables were presented as number (percentage). 
Statistical analysis between the two groups involved Student’s 

t-test for normal data and Mann-Whitney U test for non-nor-
mal data. Categorical variables were compared by chi-square 
test. Pearson’s correlation was used for analyzing correlation 
between serum prealbumin and TAPSE. Receiver operating 
characteristic (ROC) curve was utilized to evaluate the cutoff 
value for serum prealbumin in predicting RVD. A p-value of 
<0.05 was considered statistically significant.

RESULTS
Baseline characteristics of both groups are presented in 
Table 1. There were no significant diversities between the 
two groups in terms of age; gender; duration of HD; body 
mass index; serum levels of phosphate, aluminum, magne-
sium, uric acid, albumin, creatinine, and lipid parameters; 

Table 1. Comparison of the two groups with regard to baseline clinical 
and laboratory data.

BMI: body mass index; LDL: low-density lipoprotein; HDL: high-density 
lipoprotein; CRP: C-reactive protein.

Variable

Right ventricular 
dysfunction p-value

No (n=39) Yes (n=18)

Age (years) 59.7±13.1 64.4±15.2 0.240

Male gender, n (%) 23 (59.0) 9 (50.0) 0.526

Duration of  
hemodialysis (year)

5 (2-8) 6 (3–9) 0.356

Hypertension, n (%) 22 (56.4) 9 (50.0) 0.625

Diabetes mellitus, n (%) 15 (38.4) 7 (38.8) 0.972

Active smoking, n (%) 16 (41.0) 9 (50.0) 0.728

BMI (kg/m2) 23.9±2.9 25.1±7.9 0.469

Serum albumin (mg/dL) 3.80±0.41 3.77±0.38 0.810

Serum creatinine (mg/dL) 7.44±1.50 6.97±2.56 0.437

Total cholesterol (mg/dL) 166±34 165±20 0.898

LDL cholesterol (mg/dL) 103±27 100±18 0.692

HDL cholesterol (mg/dL) 34±11 40±11 0.100

Triglyceride (mg/dL) 176±96 158±78 0.549

Serum prealbumin (mg/dL) 31.38±6.81 23.83±8.50 0.001

Serum uric acid (mg/dL) 5.33±0.76 5.51±0.95 0.495

Serum aluminum (mg/dL) 15.6±9.7 15.2±7.2 0.882

Serum magnesium (mg/dL) 2.23±0.27 2.14±0.29 0.327

Serum phosphate (mg/dL) 5.11±1.33 4.85±1.26 0.216

Serum CRP (mg/dL)
0.80 (0.40–

1.60)
1.45 (0.95–

3.30)
0.023

Mortality for 3 years 
follow-up, n (%)

3 (7.7) 5 (27.8) 0.042
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Table 2. Comparison of the two groups with regard to baseline 
echocardiographic parameters.

LVEF: left ventricular ejection fraction; PASP: pulmonary artery systolic 
pressure; TAPSE: tricuspid annular plane systolic excursion.

Right ventricular 
dysfunction p-value

N (n=39) Yes (n=18)

LVEF (%) 60±5 58±9 0.138

Right ventricular function parameters

TAPSE 21.3±4.2 12.8±1.9 <0.001

Fractional area change (%) 44.1±6.3 33.4±8.6 <0.001

Left atrial volume (mL) 145±56 130±44 0.358

E/Eʹ ratio 16±6 22±7 0.034

PASP (mmHg) 30.9±4.9 37.7±9.2 0.001

Figure 2. Receiver operating characteristics curve analysis of prealbumin 
in the prediction of right ventricular dysfunction.

Figure 3. Pearson’s correlation analysis between serum prealbumin 
and tricuspid annular plane systolic excursion.

Figure 1. Comparison of serum prealbumin levels between the two 
groups. 

and histories of diabetes, hypertension, and active smoking. 
Serum CRP levels appeared to be higher in the RVD group 
compared with the non-RVD group (p=0.023). Moreover, 
mortality at 3 years was also significantly higher in the RVD 
group (p=0.042). In particular, serum prealbumin levels 
appeared to be lower in the RVD compared with the non-
RVD group (23.83±8.50 mg/dL versus. 31.38±6.81 mg/
dL, p=0.001) (Figure 1).

Echocardiographic parameters including pulmonary artery 
systolic pressure (PASP), TAPSE, E/Eʹ ratio, and FAC values also 
significantly differed between the groups. RVD group had higher 
values of PASP and E/Eʹ ratio (p=0.001 and 0.034, respectively) 
along with lower values of TAPSE and FAC (p<0.001 for both) 
(Table 2). In the ROC curve analysis, a prealbumin cutoff value of 
<28.5 mg/dL was found to predict RVD with a sensitivity of 67% 
and a specificity of 62% (area under the curve: 0.744) (Figure 2). 

The correlation analysis exhibited a moderate positive correla-
tion between serum prealbumin and TAPSE values (r=0.365, 
p=0.005) (Figure 3). 
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DISCUSSION
In the present analysis, we have demonstrated a significant 
association between low serum prealbumin levels (a marker 
of malnutrition) and RVD (a predictor of low quality of life 
with consequent mortality) in a population of HD patients.

To date, two major types of malnutrition have been described 
in patients with CRF. The first type is characterized by low 
serum albumin levels possibly attributable to the reduced intake 
of energy and protein as a consequence of uremic toxicity. The 
second type generally presents with low prealbumin levels due 
to protein catabolism, increased resting energy expenditure, and 
significant increments in oxidative stress and pro-inflammatory 
cytokine levels (e.g., CRP)10. In HD patients, these two types are 
typically observed in combination11. Of note, emerging hyperin-
flammatory state generally marks the initiation of complications 
in HD patients. This hyperinflammation is largely attributable to 
the associated uremia that elicits a significant imbalance between 
pro-inflammatory and anti-inflammatory milieu largely through 
induction of pro-inflammatory cytokine production12. Accordingly, 
CRP levels are well known to be high in these patients, poten-
tially leading to an increased cardiovascular mortality as well13. 
Specifically, we were able to demonstrate even higher levels of 
serum CRP in HD patients with RVD. Importantly, this sug-
gests that an existing RVD might have important implications 
in the generation of a more substantial inflammatory response 
in HD patients. However, the issue of whether RVD serves as 
the cause or consequence (or both) of hyperinflammation still 
needs to be established in this context. 

In contrast, cardiac cachexia is well known to be associated 
with malnutrition and systemic inflammation in patients with 
HF14. Furthermore, cytokines including interleukin-6 might 
not only alter intestinal permeability and elicit cardiac cachexia 
but also have an important pathogenetic role in the genesis and 
perpetuation of HF14. In the specific context of RVD, PASP 
and endothelial dysfunction were previously suggested to be 
associated with RVD15,16. More specifically, RVD has gained a 
significant reputation as a predictor of cardiovascular mortal-
ity both in the settings of HF and HD8. As previously men-
tioned, lower levels of prealbumin (a marker of nutritional 
and inflammatory status) appear to have a strong link with 
unfavorable outcomes in the setting of HF7. Prealbumin has 
also been shown to be associated with nutrition and inflam-
mation in HD patients17. Notably, prevalence of RVD is sig-
nificantly higher in HD patients and is regarded as the fun-
damental cause of mortality in patients with ESRF18. In this 
study, we have uncovered the potential link between low pre-
albumin levels (that indirectly denotes malnutrition) and RVD 
in HD patients. Furthermore, rate of mortality appeared to 

be substantially higher in patients with RVD at 3 years. This 
increased mortality might not only be due to the direct con-
sequences of right HF (e.g., arrhythmogenesis and progres-
sive hypoperfusion) but also be strongly associated with the 
underlying hyperinflammatory state. In this context, systemic 
inflammation is well known to be associated with a variety of 
cardiovascular events, including induction of acute coronary 
syndromes and malignant arrhythmogenesis19. In this setting, 
evaluation of serum prealbumin may potentially help predict 
an existing RVD and its clinical consequences in HD patients. 
This might also enable to implement patient-specific manage-
ment strategies in an effort to improve overall prognosis.

Study limitations
The relatively small cohort of patients possibly arises as the 
most significant limitation. The utility of afterload-dependent 
parameters including TAPSE might be regarded as another 
limitation. However, this challenge was partially mitigated 
through acquisition of calculations right after HD. Moreover, 
the mean TAPSE values were calculated by two cardiologists 
to enhance the objectivity of method. More importantly, the 
diagnostic power of prealbumin for the prediction of RVD 
was only moderate. However, it might possibly have a higher 
predictive value in larger cohorts. Finally, we were not able 
to evaluate other inflammation markers that might also have 
important implications in this setting.

CONCLUSIONS
In patients receiving programmed HD, prealbumin (an indi-
rect indicator of malnutrition) may potentially predict an exist-
ing RVD that might be associated with unfavorable outcomes. 
Therefore, serum prealbumin, as an important prognostic 
marker, may be evaluated at regular intervals in these patients.
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