AbdelMassih et al. Egyptian Pediatric Association Gazette
https://doi.org/10.1186/s43054-021-00070-2

(2021) 69:24

Egyptian Pediatric
Association Gazette

RESEARCH

Open Access

Hypoalbuminemia linked to myocardial
dysfunction in recent-onset nephrotic
syndrome: a cross-sectional case control
3DSTE study
Antoine AbdelMassih1,2* , Mervat Haroun3, Mohamed Samir1, Samar Younis4, Martina Tamer4 and Amr Salem5

Abstract
Background: Although myocardial dysfunction in the context of longstanding steroid-resistant nephrotic syndrome
(NS) has been the focus of many series, the detection of myocardial involvement in recent-onset NS has not taken
sufficient attention. The primary outcome parameter of our study is the detection of myocardial dysfunction in the
initial episode of NS (first 4 weeks after the onset), while the secondary outcome parameter is the determination of
the best predictor of such dysfunction among systolic blood pressure, diastolic blood pressure, the duration of the
initial episode of NS, and biochemical parameters such as serum albumin and cholesterol.
Methods: Forty NS patients during the initial episode of NS (first 4 weeks from the onset) were examined for
anthropometric data as well as for serum albumin and cholesterol. Motion-mode echocardiography was used to
determine Fractional shortening, while 3D echocardiography was applied to determine left ventricular (LV) ejection
fraction (EF) and GLS (global longitudinal strain). Finally, we employed combined conventional and tissue doppler
to determine LV E/e′ ratio (ratio of early transmitral inflow and average early diastolic basal septal and mitral annular
velocities). Forty healthy, age- and sex-matched controls were enrolled to control advanced echocardiographic
parameters.
Results: LV GLS was markedly reduced in cases compared to controls, denoting subtle systolic dysfunction, while,
LV E/e′ ratio was significantly higher in cases denoting diastolic dysfunction in early NS. Hypoalbuminemia was
found to be the best predictor of both LV GLS and LV E/e′ ratio.
Conclusion: Myocardial dysfunction should be considered in any NS patient even in recent-onset NS, the severity
of hypoalbuminemia seems to be the best determinant of this dysfunction either by increasing endothelial
dysfunction or through triggering inflammation. Further studies are needed on the mechanism by which
hypoalbuminemia induces myocardial dysfunction in NS patients
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Background
Nephrotic syndrome (NS) is a clinical condition characterized by massive proteinuria, hypoalbuminemia, hypercholesterolemia, and generalized edema. It is the most
common renal disease of childhood with normal renal
function [1].
Nephrotic syndrome (NS) is associated with increased
cardiovascular morbidity and mortality, the appearance
of which is related to excessive loss of albumin in urine,
oxidative stress, or steroid therapy (leading to obesity,
glucose utilization disorders, and increased arterial
hypertension). Moreira-Rodrigues and colleagues describe the occurrence of impaired left ventricular function in the murine model of nephrotic syndrome [2].
The report links the occurrence of such dysfunction to
the upregulation of cytokines and chronic inflammation.
Furthermore, Hara et al. linked proteinuria to hyperinflammation in the context of Hodgkin disease. Proteinuria may therefore be an important factor in the development of chronic inflammation in NS with subsequent
myocardial involvement [3].
The shortest use of steroids can lead to myocardial
complications as demonstrated by Shokr et al. who described a case of ST elevation myocardial infarction after
a short course of dexamethasone. This may be explained
by the role of steroids in impairing myocardial oxygen
and glucose uptake. Moreover, their prolonged use can
increase systemic blood pressure leading to pressure
overload on the cardiomyocytes [4].
To our knowledge, there is no single report to date
about myocardial involvement in cases with nephrotic
syndrome and normal kidney functions. Most of the
available data describe the occurrence of various forms
of myocardial insult in the context of chronic nephrotic
syndrome patients with elevated kidney functions.
Moreover, advanced echocardiographic techniques
such as tissue Doppler imaging and speckle tracking
echo echocardiography, offer a greater opportunity to assess the systolic and diastolic function of the LV. The assessment of segmental systolic function by STE leads to
a better reflection of segmental contribution to the overall function, which makes it superior to the classic Mmode-derived EF.
The primary outcome parameter of this study is to
confirm or rule out the presence of myocardial dysfunction in NS; while the secondary outcome parameter is to
determine the best predictor of myocardial involvement
in NS.
Methods
Study subjects

This case-control cross-sectional observational study
was conducted from December 2019 to July 2020. Forty
patients (group 1) with fulfilling the clinical and
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laboratory criteria of nephrotic syndrome during the initial episode (first four weeks of the disease onset during
initial steroid therapy) [5] were enrolled from the nephrology unit in our institution’s Children Hospital. The
exclusion criteria were any preexisting arrhythmia, congenital or acquired heart disease, or any concurrent systemic disease (obesity, diabetes, and systemic lupus
erythematosus) that might impair myocardial functions
as well as any abnormal kidney functions. Forty age, sex,
and body surface area matched controls (group 2) were
included in the study to benchmark echocardiographic
parameters.

Study methods
History taking and physical examination

Patients were subjected to a full clinical history including
data from age and sex as well as the onset of nephrotic
syndrome, duration, and response to steroid use. Physical examination by a nephrologist included a blood
pressure (BP) assessment and anthropometric data were
collected to include weight and height.

Biochemical assessment

Blood-EDTA were immediately centrifuged (20 min,
2500 rpm, 4 °C), and plasma was stored at − 80 °C until
use. Serum albumin, cholesterol, creatinine, and urea
were evaluated in the clinical pathology department of
our institution’s Children Hospital.

Echocardiographic assessment

Transthoracic echocardiography was performed using a
General Electric (Vivid-7/9, Horten, Norway) machine
with 3- and 5-MHz transducers according to the age of
the patient. It also has tissue velocity imaging
capabilities.
 Conventional echocardiography included motion-

mode and Doppler echocardiographic parameters
averaged over 3 cardiac cycles. All measurements
were performed according to the guidelines for performance of echocardiogram by the American Society of Echocardiography [6]. Left ventricular fraction
shortening and ejection fraction were calculated according to the Teichholz method [7].
 Conventional and tissue doppler imaging (TDI) was
utilized to assess LV diastolic function by calculating
the LV E/e′ ratio: the ratio between the early
transmitral filling (E) and average early diastolic
mitral annular and basal septal velocities. For
statistical purposes, an LV E/e′ ratio ≥ 9 was
considered suggestive of diastolic dysfunction [8]
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Three-dimensional echocardiography

Full-volume acquisition of the left ventricle was obtained
by harmonic imaging from the apical approach. Six
ECG-gated consecutive beats were acquired during endexpiratory breath-hold to left ventricular full volume.
The software automatically identified the Left Ventricular cavity endocardial border. The operator performed
all the necessary adjustments manually in order to correctly place the endocardial border. After the adjustments, the software provided the left ventricular
volumes, ejection fraction, and three-dimensionalderived global longitudinal strain. For statistical purposes, an LV GLS ratio ≤ 15 was considered suggestive
of systolic dysfunction [9].
Statistical analysis

Data were analyzed using IBM© (International Business
Machines) SPSS© (The Statistical Package for the Social
Sciences) Statistics version 23 (Armonk, New York,
United States of America).
Normally distributed numerical variables were presented as mean and Standard Deviation and inter-group
differences were compared using the unpaired t test.
Scatter plots were designed to express the relationship
between serum albumin on one hand and LV GLS and
LV E/e′ ratio on the other hand.
A P-value < 0.05 was considered statistically
significant.

Results
Table 1 shows the demographic criteria of cases and
controls, cases were matched for age, sex, height, and
weight compared to controls. The cases’ weight was
non-significantly higher than that of controls, probably
due to edema.
Table 2 shows a comparison between basic and advanced echocardiographic parameters between the two
study groups: speckle tracking echocardiography (STE)
and tissue Doppler imaging (TDI). Diastolic dysfunction
was observed in cases compared to controls as shown by
a significantly higher LV E/e′ (NS: 10±3 vs. Controls: 5±
1.9). LV GLS was reduced in cases compared to controls
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significant of LV systolic dysfunction (NS:17 ± 1 vs. controls: 23 ± 1). Conventional FS was not significantly different between cases and controls.
In Table 3, cases were based on the presence or the
absence of LV systolic dysfunction, into two groups
(group 1A and group 1B). This is to compare the time
of assessment from the onset of NS, and the duration of
steroid therapy at the time of assessment as well as the
baseline and follow-up serum cholesterol, serum albumin, and urine P/C ratio and the echocardiographic
data. No significant difference was observed in the duration and dose of steroid therapy or in the duration of
the illness at the time of assessment. The baseline serum
albumin, cholesterol, and urine P/C ratio did not differ
between the two study groups, whereas the serum albumin and urine P/C ratio as well as the weight difference
(reflective of response to treatment and improvement of
hypoalbuminemia) were significantly different between
the two subgroups at the time of assessment with the
serum albumin being lower and the urine P/C ratio
higher in cases with systolic myocardial dysfunction at
the time of assessment with lack of subsequent weight
loss. This probably reflects a poorer response to steroid
therapy with persistent hypoalbuminemia after two
weeks of therapy.
Table 4 also divided the patients into two subgroups
based on the presence or absence of LV diastolic dysfunction. Similar to Table 3, no significant difference
was found in biochemical data and duration of steroid
therapy between the two study groups except for the
serum albumin and urine P/C ratio at the time of assessment and weight difference. The findings shown in Tables 3 and 4 suggest that there might be a close
relationship between hypoalbuminemia and the occurrence of systo-diastolic myocardial dysfunction, while
steroid therapy seems to be unchanged between cases
with Systolic or Diastolic dysfunction and cases with
preserved function.
Table 5 is a multivariate analysis of the best predictors
of LV GLS and LV E/e′ ratio, serum albumin was the
best predictor of both parameters, while duration and
dose of steroid therapy did not achieve any statistical

Table 1 Demographic criteria of cases and controls
Variable

Nephrotic syndrome (n = 40)

Control (n = 40)

P-value*

Age (years)

9.35 ± 3.32

9.69 ± 4.35

0.42

Weight (kg)

49.04 ± 11.03

45.10 ± 16.31

0.07

Height (m)

1.32 ± 0.21

1.39 ± 0.17

0.35

Gender (M/F)

24/16

15/15

0.624

Systolic Blood pressure (mmHg)

102 ± 10

109 ± 12

0.04

Diastolic Blood Pressure (mmHg)

65 ± 5

71 ± 4

0.03

Abbreviations: F Female, kg kilogram, m meter, M Male, mmHg millimeter mercury, n number, P Pearson’s coefficient of statistical significance)
P < 0.05 was considered statistically significant
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Table 2 Left ventricular echocardiographic parameters in cases vs. controls
Variable
3D LVEDV (ml)

Nephrotic syndrome (n = 40)

Control (n = 40)

Mean ± SD

Mean ± SD

59.53± 18.75

58.59± 36.21

P-value
0.45

3D EF (%)

78.00 ± 7.69

79.24 ± 6.53

0.33

FS (%)

46.33 ± 7.35

47.17 ± 3.59

0.23

GLS (%)

17.39 ± 6.45

23.86 ± 1.41

< 0.0001

E/e′

10.25 ± 3.44

5.90 ± 1.29

< 0.0001

Abbreviations: E/e′ ratio of diastolic function of LV; ratio of early transmitral inflow to average early diastolic velocities of mitral annulus and basal septum, EF
Ejection fraction, FS Fractional shortening), GLS Global longitudinal strain, LV Left ventricle, n number, P Pearson’s coefficient for statistical significance
P < 0.05 was considered statistically significant

significance in predicting each of the systolic or diastolic
dysfunction of the LV, which goes in agreement with the
findings elicited in Tables 3 and 4.
Figures 1 and 2 are two scatter plots showing the relationship between serum albumin on one hand and both
GLS and LV E/e′ ratio on the other hand. There was a
significant positive correlation between GLS and serum

albumin while a negative correlation was found between
LV E/e′ ratio and serum albumin.

Discussion
It is widely recognized that NS is the commonest kidney
disorder in the pediatric age group. It is characterized by
massive proteinuria and dyslipidemia mainly involving

Table 3 Duration of nephrotic syndrome, steroid therapy, laboratory, and echocardiographic data in cases with systolic dysfunction
vs. cases without

Serum creatinine at the time of assessment (mg/dL)

Nephrotic syndrome with
impaired GLS (n = 17)

Nephrotic syndrome with
normal GLS (n = 23)

Mean ± SD

Mean ± SD

0.8 ± 0.05

0.79 ± 0.04

Pvalue
0.56

Serum urea at the time of assessment (mg/dL)

14 ± 2

12 ± 3

0.66

Serum baseline cholesterol (mg/dL)

226 ± 12

232 ± 10

0.56

Serum cholesterol at the time of assessment (mg/dL)

177 ± 21

173 ± 20

0.72

Serum baseline albumin (gm/dL)

2.2 ± 0.1

2.3 ± 0.2

0.56

Serum albumin at the time of assessement (gm/dL)

2.4 ± 0.3

2.9 ± 0.1

<
0.001

Baseline urine P/C ratio

6 ± 0.9

5±1

0.65

Urine P/C ratio at the time of assessment

3 ± 0.7

1.4 ± 0.4

<
0.001

Duration from onset of NS to time of assessment by
echocardiography (weeks)

16 ± 1

14 ± 2

0.39

Duration of steroid therapy (weeks)

14.8 ± 2

15.9 ± 3

0.5

Dose of steroid (mg/kg/day)

2±0

2±0

0.9

Weight difference from the onset to time of assessment (kg)

2.2 ± 0.2

3.1 ± 0.3

<
0.001

3D LVEDV (ml)

61 ± 12

58 ± 22

0.45

3D EF (%)

77 ± 3.2

79 ± 4

0.40

FS (%)

46 ± 2

46 ± 3

0.23

GLS (%)

14 ± 3.2

18 ± 1.41

<
0.0001

E/e′

12 ± 2

8 ± 1.29

<
0.0001

Abbreviations: E/e′ ratio of diastolic function of LV; ratio of early transmitral inflow to average early diastolic velocities of mitral annulus and basal septum, EDV End
diastolic volume, EF Ejection fraction, FS Fractional shortening, GLS Global longitudinal strain, LV Left ventricle, n number, P/C ratio protein creatinine ratio, P
Pearson’s coefficient for statistical significance
P < 0.05 was considered statistically significant
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Table 4 Duration of nephrotic syndrome, steroid therapy, laboratory, and echocardiographic data in cases with diastolic dysfunction
dysfunction vs. cases without
Nephrotic syndrome with impaired
diastolic function (n = 18)
Serum creatinine at the time of assessment (mg/
dL)

Nephrotic Syndrome with normal
diastolic function (n = 22)

Mean ± SD

Mean ± SD

0.79 ± 0.04

0.8 ± 0.04

Pvalue
0.44

Serum urea at the time of assessment (mg/dL)

14 ± 1.9

12 ± 3.1

0.65

Serum baseline cholesterol (mg/dL)

229 ± 11

231 ± 10

0.43

Serum cholesterol at the time of assessment (mg/
dL)

175 ± 193

175 ± 19

0.78

Serum baseline albumin (gm/dL)

2.1 ± 0.2

2.2 ± 0.2

0.59

Serum albumin at the time of assessement (gm/dL) 2.4 ± 0.2

2.8 ± 0.1

<
0.001

Baseline urine P/C ratio

6 ± 0.8

5.2 ± 0.5

0.68

Urine P/C ratio at the time of assessment

2.9 ± 0.6

1.5 ± 0.3

<
0.001

Duration from onset of NS to time of assessment
by echocardiography (weeks)

14.9 ± 2

15.9 ± 1

0.07

Duration of steroid therapy (weeks)

15 ± 2

12 ± 1

0.44

Dose of steroid

2±0

2±0

0.78

Weight difference from the onset to time of
assessment (kg)

2.3 ± 0.3

3.1 ± 0.3

<
0.001

3D LVEDV (ml)

60 ± 8

59 ± 13

0.42

3D EF (%)

78 ± 2.5

79 ± 3.1

0.33

FS (%)

46 ± 3

46 ±2

0.39

GLS (%)

15 ± 3.2

19 ± 1.41

<
0.0001

E/e′

13±3

8±2

<
0.0001

Abbreviations: E/e′ ratio of diastolic function of LV; ratio of early transmitral inflow to average early diastolic velocities of mitral annulus and basal septum, EF
Ejection fraction, FS Fractional shortening, GLS Global longitudinal strain, LV Left ventricle, n number, P Pearson’s coefficient for statistical significance
P < 0.05 was considered statistically significant

hypercholesterolemia. Myocardial injury in new-onset
NS is an understudied field. To our knowledge, the
series studying the effect of NS on the cardiovascular
system have mainly tackled myocardial injury in the context of chronic NS [2, 10]. Another recent point of focus

has been the increased risk of coronary hypoperfusion in
NS [11, 12].
Our report is by far the first to study the effect of
new-onset NS on myocardial involvement. Our study
subjects showed statistically significant systo-diastolic

Table 5 Multivariate analysis for the predictors of systolic and diastolic function of LV in nephrotic syndrome
LV GLS (%)
Duration of initial episode of nephrotic syndrome (days)

LV E/e′

R

P

R

P

0.12

0.2

0.13

0.18

Serum albumin (g/dL)

0.38

< 0.001

0.44

< 0.001

Serum cholesterol (mg/dL)

0.22

0.14

0.23

0.11

Systolic blood pressure (mmHg)

0.11

0.3

0.21

0.15

Diastolic blood pressure (mmHg)

0.24

0.11

0.25

0.09

Duration of steroid therapy

− 0.22

0.24

− 0.12

0.7

Abbreviations: dL deciliter, E/e′ ratio of diastolic function of LV; ratio of early transmitral inflow to average early diastolic velocities of mitral annulus and basal
septum, g gram, GLS Global longitudinal strain, LV Left ventricle, mg milligram, mmHg millimeter mercury, P Pearson’s coefficient of statistical significance, R
correlation coefficient
P < 0.05 was considered statistically significant
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Fig. 1 Scatter plot showing relationship between LV GLS and serum albumin. Abbreviations: LV, left ventricular; GLS, global longitudinal strain

Fig. 2 Scatter plot showing the relationship between E/e′ ratio and serum albumin. Abbreviations: E/e′, ratio between early transmitral inflow
velocity and average early diastolic mitral annular and basal septal velocities
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dysfunction compared to controls. Unlike the previously
fixed belief that dyslipidemia, notably hypercholesterolemia associated with NS is the commonest predisposing
factor for myocardial involvement, our multivariate analysis shows that serum cholesterol failed to be a statistically significant predictor of either systolic or diastolic
dysfunction in NS [13].
Likewise, steroid use was thought to be an important
inducer of myocardial dysfunction, specifically proved in
animal models and in humans as well. Bauer and associates succeeded in demonstrating that steroid intake for 8
weeks at a dose of 5mg/kg/day induces deterioration of
myocardial dysfunction in mouse models. Bispo and colleagues also demonstrated myocardial insult in a case report of a patient receiving anabolic steroids for 10
weeks. Our study, however, failed to show any relationship between steroid use and the observed myocardial
dysfunction. This might be due to the lower dose of steroids compared to the mentioned series (2mg/kg/day).
Another factor that might be implicated in the absence
of the steroid effect is the relatively short period of steroid use compared to the Bauer and Bispo series. The
average duration of steroid use was 4 weeks, while the
duration of steroid use needed to induce myocardial dysfunction seems to be close to 8–10 weeks [14, 15].
The only significant predictor of myocardial injury in
NS was serum albumin. Serum albumin was found to be
negatively correlated with LV E/e′ ratio and positively
correlated with LV GLS. The contribution of serum albumin to myocardial dysfunction during the initial episode of NS seems to be a virgin piece of land.
Several possible explanations can be offered to justify
the role of decreased albumin in inducing myocardial
dysfunction in the context of NS. The first of which is
the major role of albumin in scavenging free oxygen radicals and decreasing inflammation. Furthermore, Hara
et al. [3] correlated the levels of proteinuria with inflammatory markers in patients with Lymphoma and concluded that higher proteinuria is associated with higher
levels of acute-phase reactants in non-Hodgkin lymphoma. On top of that, Dirajlal-Fargo and colleagues reported that decreased albumin can be an important
pathogenic factor in the inflammatory process leading to
the development of carotid atherosclerosis [16]. The persistent hypoalbuminemia in cases showing myocardial
dysfunction was coupled with persistent albuminuria
and failure of significant weight loss suggesting early evidence of failure of response to steroids.
Finally, yet importantly, hypoalbuminemia has been
implicated in the induction of endothelial dysfunction.
Yu et al. [13] underlined the role of albumin leak in the
development of microvascular injury in peritoneal dialysis patients. Nevertheless, Caraba and colleagues proved
that there is a state of endothelial dysfunction in NS
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patients. Such endothelial dysfunction might impair coronary perfusion leading to subsequent ventricular dysfunction [17].

Conclusion
This paper points at early myocardial injury in cases
with NS. Hypoalbuminemia seems to play a central role
in the induction of such dysfunction. Despite the known
role of steroid use in triggering such dysfunction, the
relatively short duration and a low dose of steroid use in
our study subjects wasn’t enough to justify this role. Furthermore, Hypoalbuminemia might be operating either
through triggering myocardial inflammation or through
impairing myocardial perfusion via endothelial dysfunction. Further studies are needed to unleash the mechanisms by which hypoalbuminemia operate to induce
myocardial dysfunction.
Abbreviations
BP: Blood Pressure; ECG: Electrocardiogram; GLS: Global longitudinal strain;
LV: Left ventricle; LV E/e′: The ratio between the early transmitral filling (E)
and average early diastolic mitral annular and basal septal velocities;
NS: Nephrotic syndrome; STE: Speckle tracking echocardiography; TDI: Tissue
Doppler imaging
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