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↑What is “already known” in this topic: 
Microalbuminuria is established as an early indicator of renal 
dysfunction and is linked to a higher likelihood of 
cardiovascular complications, especially in patients with 
diabetes and hypertension. Identifying microalbuminuria as a 
possible sign of RV dysfunction could assist in detecting 
individuals at increased risk of negative cardiovascular 
events, enabling earlier intervention strategies.   
 
→What this article adds: 

• First evidence that microalbuminuria independently predicts 
elevated RV filling pressure (OR 2.88) in non-obstructive 
CAD patients. 
• Proposes microalbuminuria as a practical screening tool for 
subclinical RV dysfunction.  
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Abstract 
    Background: While microalbuminuria is established in left heart dysfunction prognostication, its relationship with right ventricular 
(RV) function remains unclear. We investigated whether microalbuminuria predicts early-stage RV dysfunction in patients with 
normal coronary arteries. 
   Methods: This cross-sectional analysis involved 117 patients with angiography-verified non-obstructive CAD. Comprehensive RV 
echocardiography (including E/e' ratio) and morning urine albumin-creatinine ratio (UACR) measurements were performed. The study 
patients were categorized into 67 with normal albuminuria (mAlb (-): UACR <30 mg/g) and 50 with microalbuminuria (mAlb (+): 
UACR 30-300 mg/g). Multivariable logistic regression evaluated microalbuminuria’s relationship with RV metrics, adjusting for sex, 
age, and BMI. A P<0.05 denoted statistical significance. 
   Results: The mAlb (+) group demonstrated significantly higher RV E/e' ratios (P=0.026), persisting after adjustment. Logistic 
regression revealed that microalbuminuria independently predicted elevated RV filling pressure (OR 2.88, 95% confidence interval 
1.22-6.84, P=0.016). Male sex showed non-significant trends (OR 1.69, P=0.286). RV systolic dysfunction prevalence was 
comparable between groups (16.4% overall, p=NS). 
   Conclusion: Microalbuminuria independently associates with elevated RV filling pressures in non-obstructive CAD patients, 
suggesting shared microvascular pathophysiology. This supports albuminuria screening's potential role in identifying subclinical RV 
dysfunction, though longitudinal studies are needed to establish causality. 
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Introduction 
Research has consistently demonstrated that individuals 

with cardiovascular and cerebrovascular diseases exhibit-
ing low levels of microalbuminuria face an elevated risk 
of mortality. These findings highlight microalbuminuria, 
even at minimal levels, as a significant predictor of cere-
brovascular and cardiovascular mortality (1). Furthermore, 

increased microalbuminuria is associated with the pro-
gression of diabetes mellitus (DM), hypertension (HTN), 
and overall mortality related to these conditions (2-5). 
Reducing microalbuminuria has been associated with a 
decreased incidence of cardiovascular diseases, including 
heart failure (HF) (6, 7). Elevated urinary albumin excre-
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tion has also been identified as a predictor of cardiovascu-
lar disease mortality (8). A high prevalence of microalbu-
minuria in HF patients correlates with increased cardio-
vascular mortality and frequent hospitalizations due to 
HF, particularly when an elevated urinary albumin-to-
creatinine ratio (UACR) is present (9). Additionally, mi-
croalbuminuria is linked to cardiovascular risk factors 
such as DM and HTN, serving as a predictive indicator for 
cardiovascular complications (10). Several studies under-
score the prognostic significance of microalbuminuria in 
coronary artery disease (CAD) and HF patients (6, 9, 10). 
Here’s a discussion section based on the findings from the 
study you provided: The study by Yurtdas et al. (2017) 
highlights a significant relationship between heart rate 
(HR) recovery and microalbuminuria in patients with non-
obstructive CAD. This suggests that microalbuminuria 
may serve as an indicator of autonomic dysfunction in this 
patient population. Furthermore, the authors reported that 
patients with non-obstructive CAD and abnormal HR re-
covery exhibited elevated UACR levels. The notable in-
verse association between UACR and HR recovery, par-
ticularly in patients with microalbuminuria, underscores 
the potential of microalbuminuria as a predictor of cardiac 
autonomic imbalance (11). 

Right-sided HF is linked with poor clinical outcomes in 
both acute and chronic HF, acute myocardial infarction, 
and congenital heart disease, regardless of the underlying 
mechanisms (12). It is also correlated with increased mor-
tality in patients with HF, CAD, pulmonary hypertension, 
and valvular heart disease (13). Recent research has ex-
plored the potential relationship between microalbuminu-
ria and increased left ventricular (LV) mass (14), howev-
er, the connection between microalbuminuria and right 
ventricular (RV) function remains poorly understood.  

This study aimed to determine the association between 
microalbuminuria and early-stage RV dysfunction using 
echocardiography in individuals with normal coronary 
arteries. The study focuses on identifying subtle RV func-
tional changes detectable by echocardiography in the 
presence of microalbuminuria, before the onset of overt 
right-sided HF, and in the absence of confounding CAD. 
This approach will help elucidate the mechanisms by 
which microalbuminuria may contribute to the initiation 
and development of early-stage right-sided HF. 

 
Methods 
Study design 
This investigation employed a cross-sectional design to 

evaluate patients undergoing angiography at BouAli Sina 
Hospital (Qazvin) during the period from April 
2019 through March 2020. Inclusion criteria comprised 
patients with normal or minimally affected coronary arter-
ies (stenosis <50%) as determined by angiography, sinus 
rhythm on electrocardiogram (ECG), and a LV ejection 
fraction greater than 50% on echocardiography. Exclusion 
criteria included: unwillingness to cooperate (refusal to 
provide complete or accurate responses to study questions 
and assessments), history of radiofrequency ablation in the 
management of cardiac arrhythmias or cardiac surgery, 
congenital heart disease, cardiomyopathy, defibrillation or 

cardiac arrest within the past three months, moderate to 
severe valvular insufficiency, pulmonary arterial pressure 
(PAP) exceeding 45 mmHg, renal or urinary disease, 
macroalbuminuria, creatinine levels above 1.5 mg/dl, un-
controlled or untreated thyroid disease, and liver enzymes 
greater than twice the normal limit. To assess the presence 
of urinary tract infections (UTIs) in patients, we evaluated 
patient-reported symptoms and conducted urinalysis, ana-
lyzing for leukocyte esterase, nitrites, and blood, which 
aids in excluding UTIs, particularly in those with transient 
microalbuminuria. Eligible subjects were selected after a 
thorough explanation of the study's purpose and obtaining 
informed written consent. 

 
Data Collection 
Basic demographic and clinical information were gath-

ered through questionnaires and health screenings, includ-
ing age, gender, body mass index (BMI), HR, systolic and 
diastolic blood pressure (BP), medical history (including 
DM and HTN), medications, family history of heart dis-
eases, and smoking status. DM was defined as a previous 
diagnosis of the condition, along with the current use of 
any glucose-lowering medications and a random plasma 
glucose level of ≥ 200 mg/dL (15). HTN was defined as 
elevated BP (≥140/90 mmHg) or documented antihyper-
tensive medication use for 6 months or longer (16). The 
Glomerular Filtration Rate (GFR) was estimated using the 
Modification of Diet in Renal Disease (MDRD) equation 
(17). 

Early morning urine samples were obtained from all 
study patients, which were examined both manually and 
automatically using the dipstick method, followed by mi-
croscopic examination of the urine sediment. If urinalysis 
showed no hematuria or hemoglobin excretion, urinary 
albumin and creatinine levels were measured. Participants 
were stratified based on their urine albumin-to-creatinine 
ratio values: without microalbuminuria (mAlb (-): Alb/Cr 
<30 mg/g) and with microalbuminuria (mAlb (+): Alb/Cr 
= 30-300 mg/g) (2). 

 
Echocardiography 
Echocardiography was performed on all patients to as-

sess RV systolic function. These patients were candidates 
for coronary angiography due to risk factors such as acute 
coronary syndromes, positive noninvasive cardiac tests, 
valvular heart disease, and structural heart disease. The 
echocardiography was conducted according to the 2011 
AUC criteria (18). All echocardiographic assessments 
were performed using the Affinity 50 and 70 Philips Ul-
trasound Machines (Philips Healthcare, Andover, MA, 
USA) with the S5-1 probe. Measurements were taken in 
accordance with ASE guidelines, with averages calculated 
over three cardiac cycles. The evaluation of RV systolic 
function was conducted using three key methods: RV 
peak systolic myocardial velocity (RVSm), RV fractional 
area change (RVFAC), and tricuspid annular plane systol-
ic excursion (TAPSE). TAPSE was assessed using the M-
mode marker line in the apical four-chamber view, which 
measures the maximum systolic velocity of longitudinal 
annular motion. A TAPSE value greater than 17 mm indi-
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cates normal RV function, while values below 17 mm 
suggest dysfunction. RVFAC quantifies the percentage 
change in RV surface area between the post-systolic and 
end-diastolic phases, with normal values exceeding 35% 
and abnormal values falling below this threshold. RVSm 
reflects the systolic velocity of RV myocardial tissue, with 
normal values defined as greater than 9.5 cm/s. Current 
right heart echocardiography guidelines mandate the sys-
tematic inclusion of quantitative RV functional parameters 
in clinical reporting, with a specific recommendation to 
incorporate at least one validated measure during routine 
examinations. This is particularly crucial when RV dys-
function is suspected or when the clinical indication for 
the study pertains to conditions that may affect the RV. In 
our study, RV systolic dysfunction is considered likely if 
two or more of these parameters are found to be abnormal 
(19). RV hemodynamics were assessed solely through the 
E/e' ratio as a measure of filling pressure, without com-
prehensive diastolic function grading (20). 

Echocardiographic indicators of RV structure and func-
tion, such as RV end-diastolic and end-systolic area (ad-
justed for body size) (21). Echocardiograms were ana-
lyzed and interpreted by researchers who were unaware of 
the laboratory data, clinical outcomes, and study results. 
We calculated the RVFAC using the formula: RVFAC = 
(RVEDA - RVESA) / RVEDA × 100%, where RVEDA 
(cm²) represents the RV end-diastolic area, indicating the 
volume of blood in the ventricle before contraction, and 
RVESA (cm²) represents the RV end-systolic area, indi-
cating the volume of blood remaining in the ventricle after 
contraction. Additionally, RV systolic motion (RVSm) 
measures the movement of the RV during systole and 
serves as an indicator of RV function. In this study, the 

tricuspid valve E wave (early diastolic tricuspid inflow 
velocity) was assessed using pulsed-wave Doppler, with 
the sample volume positioned at the tips of the tricuspid 
valve leaflets in the apical four-chamber view during the 
early diastolic phase. The RV e’ (early diastolic velocity 
derived from tissue Doppler) was evaluated at the lateral 
tricuspid annulus using tissue Doppler imaging. 

 
Statistical Analysis 
Continuous variables were presented as median (inter-

quartile range) for non-normally distributed data (ana-
lyzed with the Mann-Whitney U test) or as mean ± stand-
ard deviation for normally distributed data (analyzed with 
the independent t-test), with normality determined using 
the Kolmogorov-Smirnov test. Categorical variables were 
expressed as counts (%) and compared using the χ² test or 
Fisher’s exact test. Binary logistic regression, adjusted for 
sex, age, and BMI, was used to assess microalbuminuria 
as a predictor of increased RV filling pressure, with the 
model restricted to four predictors to maintain statistical 
power due to sample size limitations. All statistical anal-
yses were conducted using SPSS version 27 (IBM Corp.), 
with a P-value <0.05. 

 
Results 
Study Population Characteristics 
The analysis included 117 participants after excluding 

three patients with macroalbuminuria, comprising 67 con-
trols (non-microalbuminuria group) and 50 cases (micro-
albuminuria group). Both groups were age-matched 
(mAlb (-): 56±11 vs mAlb (+): 55±10 years). The micro-
albuminuria group showed significantly greater preva-

Table 1. Basic, demographic, medical, and paraclinical information of patients with and without microalbuminuria 
Variable mAlb (-) 

n=67 
mAlb (+) 

n=50 
P value 

Age (year) 56 ± 11 55 ± 10 0.695 
Gender  Male  21 (31.3) 24 (48.0) 0.067 

Female  46 (68.7) 26 (52.0) 
BMI (kg/m2) 26.78 (25.05 - 29.42) 27.13 (24.50 - 29.26) 0.760 
BSA (m2) 1.84 ± 0.13 1.86 ± 0.11 0.289 
Medical history 

Diabetes  8 (11.9) 14 (28.0) 0.028* 
Family history of heart disease 11 (16.4) 5 (10.0) 0.318 
Smoking 17 (25.4) 18 (36.0) 0.214 
Hyperlipidemia  19 (28.4) 7 (14.0) 0.065 
Hypertension  11 (16.4) 20 (40.0) 0.004* 
Medication used 

Aspirin  15 (22.4) 7 (14.0) 0.251 
Beta-blocker 4 (6.0) 7 (14.0) 0.141 
ACEi/ARB 10 (14.9) 20 (40.0) 0.002* 
Statin  20 (29.9) 8 (16.0) 0.082 
Insulin 1 (1.5) 6 (12.0) 0.018* 
Oral diabetes medications 7 (10.4) 8 (16.0) 0.374 
Antidiabetic medications 8 (11.9) 14 (28.0) 0.028* 
Clinical and paraclinical findings 

SBP (mmHg) 125 (115 – 135) 129.5 (115 – 140) 0.211 
DBP (mmHg) 80 (70 – 80) 80 (70 – 90) 0.072 
Blood sugar (mg/dl) 139 (120 – 165) 156 (127 - 205) 0.058 
BUN (mg/dl) 15 (12 – 19) 18 (15 – 21) 0.003* 
Cr (mg/dl) 0.9 (0.8 - 1.0) 1.0 (0.9 - 1.1) 0.006* 
eGFR (mg/dl) 69.5 (60.0-79.1) 70.5 (55.5-77.9) 0.457 
UACR (mg/g) 16.8 (13.2-23.5) 65.4 (48.4-124.3) <0.001* 
Abbreviations: BUN: blood urea nitrogen, Cr: creatinine, ACEi/ARB: angiotensin-converting enzyme inhibitors/ angiotensin receptor blockers, BSA: body surface area, 
BMI: body mass index, DBP: diastolic blood pressure, SBP: systolic blood pressure, eGFR: Estimated Glomerular Filtration Rate, mAlb: microalbuminuria, LVEF: left 
ventricular ejection fraction, SD: standard deviation, UACR: Urine Albumin/Creatinine ratio 
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lence of DM (P=0.028) and HTN (P=0.004), along with 
elevated renal markers (BUN: P=0.003; Cr: P=0.006) 
compared to controls. Complete demographic and clinical 
characteristics are presented in Table 1. 

RV systolic dysfunction was identified in 11 patients 
(16.4%), with comparable prevalence between groups 
(P>0.05). While UACR levels were numerically higher in 
patients with RV systolic dysfunction (57.75±51.9 vs 
49.92±44.26 mg/g), this difference did not reach statistical 
significance. Notably, the mAlb (+) group demonstrated 
significantly impaired RV diastolic function, evidenced by 
elevated RV E/e' ratios (P=0.026). Complete hemodynam-
ic comparisons are presented in Table 2. 

After controlling for sex, age, and BMI, microalbuminu-
ria emerged as a significant independent predictor of ele-
vated RV filling pressure (adjusted OR 2.88, 95% CI 
1.22-6.84, P=0.016). The model demonstrated non-
significant trends for male sex (OR 1.69, 95% CI 0.65-
4.43, P=0.286), while neither age (OR 1.01 per year, 95% 
CI 0.97-1.06) nor BMI (OR 1.02 per kg/m², 95% CI 0.90-
1.16) showed meaningful associations (both P>0.5). 

 
Discussion 
The main goals of this study were to examine the asso-

ciation between echocardiographic parameters of RV sys-
tolic and diastolic function in patients with non-

obstructive CAD. Our results indicate that the RV E/e' 
ratio was significantly elevated in the mAlb (+) group 
compared to the mAlb (-) group. Also, our analysis 
demonstrates that microalbuminuria independently pre-
dicts elevated RV filling pressure (adjusted OR 2.88, 95% 
CI 1.22–6.84), even after adjustment for age, sex, and 
BMI. The RV E/e' ratio is a critical echocardiographic 
measure for evaluating RV diastolic function, calculated 
from the early diastolic velocity of the tricuspid inflow (E 
wave) and the early diastolic velocity of the RV tissue (e' 
wave). E Wave represents the early filling of the ventricle 
during diastole, reflecting left atrial pressure and e' Wave 
reflects the velocity of the myocardial tissue during early 
diastole, providing insight into the compliance of the ven-
tricle. A higher RV E/e' ratio indicates impaired diastolic 
function and can suggest elevated right atrial pressure. 
This may serve as a marker for adverse outcomes in con-
ditions such as heart failure, pulmonary hypertension, and 
other cardiac diseases, particularly in the assessment of 
HF with preserved ejection fraction (HFpEF) patients 
(22). Our results suggest a potential link between renal 
function and RV diastolic impairment in this population. 
Interestingly, we did not observe a significant correlation 
between microalbuminuria and other parameters of RV 
systolic function, indicating that while diastolic function is 
affected by microalbuminuria, systolic function remains 

Table 2. Echocardiographic findings in patients with and without microalbuminuria 
Variable mAlb (-) mAlb (+) P value 
Left cardiac echocardiography 
LA diameter (cm) 34 (32 - 36) 33 (32 - 36) 0.770 
Septum Thickness (cm) 8 (8 - 9) 8 (8 - 9) 0.696 
Post Wall Thickness (cm) 8 (8 - 9) 8 (8 - 9) 0.653 
LVEF (%) 56 (55-60) 57 (55-60) 0.824 
LVEDD (cm) 49 (45 - 51) 48 (46 - 51) 0.969 
LVESD (cm) 27 (24 - 30) 27 (24 - 30) 0.971 
LVEDV (mL) 65 (52 - 80) 70 (53 - 80) 0.352 
LVESV (mL) 27 (20 - 33) 29 (22 - 34) 0.288 
LA Volume (mL) 46 (36 - 58) 38 (32 - 51) 0.064 
Mitral E Velocity (m/s) 1 (1 - 1) 1 (1 - 1) 0.656 
Mitral A Velocity (m/s) 1 (1 - 1) 1 (1 - 1) 0.075 
Mitral DT (ms) 211 (169 - 257) 204 (169 - 232) 0.411 
E' Septum (cm/s) 7 (6 - 9) 7 (6 - 8) 0.534 
Septum A' (cm/s) 8 (7 - 9) 8 (7 - 9) 0.748 
Lateral E' (cm/s) 10 (8 - 12) 9 (7 - 12) 0.643 
Lateral A' (cm/s) 9 (7 - 11) 10 (7 - 11) 0.349 

Right cardiac echocardiography 
RV systolic dysfunction 11 (16.4) 7 (14) 0.720 
TAPSE (mm) 20 (18 - 22) 20 (18 - 22) 0.822 
RVSm (cm/s)  11 (11 - 13) 11 (11 - 12) 0.757 
RVFAC (%)  56 (48 - 62) 54.5 (46 - 60) 0.448 
RV e′ (cm/s)  4.71 (3.91 - 6.13) 5.36 (4.16 - 6.64) 0.076 
RV - E/e´ ratio <6 54 (80.6) 31 (62.0) 0.026* 

>6 13 (19.4) 19 (38.0) 
E/A ratio  1.01 (0.90 - 1.20) 1.02 (0.88 - 1.14) 0.871 
DT (ms)  275 (239 - 327) 262 (222 - 317) 0.396 
RVEDA (cm²)  24.63 19.63 28.27) 26.42 (21.24 - 30.19) 0.174 
RVESA (cm²)  12.71 ± 4.12 13.16 ± 4.14 0.565 
RVEDD (mm)  28 (25 - 30) 29 (26 - 31) 0.174 
RAVI (mL/m2)  19.60 (18.01 - 23.29) 19.42 (18.50 - 22.70) 0.993 
TRV (m/s)  2.2 (2.1 - 2.4) 2.3 (2.1 - 2.4) 0.192 
TRG (mmHg) 19 (17 - 24) 22 (19 - 24) 0.112 
sPAP (mmHg)  22 (20 - 27) 25 (22 - 27) 0.112 
Abbreviations: A: Peak velocity in late diastole, DT: deceleration time, E: peak velocity in early diastole, E´: early diastolic tricuspid annular tissue peak velocity, RAVI: 
right atrial volume index, RV: right ventricle, RVEDD: right ventricle end-diastolic diameter, RVEDA: Right Ventricular End-Diastolic Area, RVESA: Right Ventricular 
End-Systolic Area, RVFAC: RV fractional area change, RVSM: right ventricular peak systolic myocardial velocity, sPAP: Systolic pulmonary artery pressure, TAPSE: 
tricuspid Annular Plane Systolic Excursion, TRG: tricuspid regurgitant jet gradient, TRV: tricuspid regurgitant jet velocity 
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relatively preserved in individuals with non-obstructive 
CAD (23). 

 
Insights from Existing Literature and Clinical Implica-

tions of RV E/e’ Ratio 
The E wave reflects the velocity of the RV sidewall 

myocardial tissue during the initial phase of diastole (24). 
We evaluated RV filling during early diastole, calculating 
the ratio of the peak velocity of early diastolic flow across 
the tricuspid valve (E) to the peak velocity of early dias-
tolic motion of the tricuspid annulus (e′). The RV E/e' 
ratio - derived from dividing E-wave velocity by tissue 
Doppler-measured lateral tricuspid annular e' velocity - 
serves as a validated non-invasive measure of RV filling 
pressures, with elevated values (>6) indicating diastolic 
dysfunction (20). When RV compliance, relaxation, and 
filling pressures are normal, typical myocardial function 
leads to a standard lateral e′ velocity, resulting in a low 
E/e' ratio. Conversely, impaired RV diastolic function and 
elevated filling pressures lead to reduced e′ velocities, 
which, combined with increased right atrial pressure 
(RAP), elevate the trans-tricuspid E velocity and subse-
quently the E/e' ratio. Despite being recommended in var-
ious ASE guidelines for estimating RAP, the RV E/e' ratio 
is not widely utilized, despite its simplicity in acquisition 
and calculation (19, 25). Furthermore, it has been included 
in the 2020 right heart assessment guidelines by the Brit-
ish Society of Echocardiography as a measure for evaluat-
ing RV diastolic function (26). 

Elevated urine albumin levels are among the earliest in-
dicators of chronic kidney disease (CKD) and renal mi-
crovascular damage and glomerular dysfunction (27). Ear-
ly screening for high urine albumin, coupled with proac-
tive patient management, can significantly reduce the risk 
of progression to end-stage renal disease (ESRD) and mit-
igate associated cardiovascular morbidity, including is-
chemic events, arrhythmias, and particularly HF (28). This 
clinical approach has gained particular importance with 
the advent of renoprotective therapies that concurrently 
reduce albuminuria while offering dual cardiorenal protec-
tion. 

Previous research has primarily focused on the relation-
ship between albuminuria and LV function, with fewer 
studies examining RV function specifically. For example, 
Katz et al. (2014) explored both right and LV function in 
patients with HFpEF and identified significant correla-
tions between RVFAC and RV wall thickness (RVWT) 
with albuminuria (29). Their study found that the UACR 
was higher in patients exhibiting abnormal RVFAC or 
RVWT, although no association was noted between albu-
minuria and TAPSE. In our study, while we observed sim-
ilar results regarding TAPSE, we did not find a relation-
ship between RVFAC and albuminuria. This discrepancy 
may stem from variations in study populations or the spe-
cific characteristics of our cohort, which mainly included 
non-obstructive CAD patients. 

In a broader context, it is plausible that RV diastolic 
dysfunction may occur earlier with microalbuminuria, 
while RV systolic dysfunction might emerge later as 
macroalbuminuria develops. This aligns with findings 

from Jørgensen et al. (2018), which indicated a correlation 
between microalbuminuria and diastolic dysfunction, en-
hancing our understanding of the interplay between renal 
and cardiac functions in CAD patients (30). Although 
Katz et al. (2014) reported disturbances in RV systolic 
parameters among HFpEF patients with microalbuminuria 
(29), our study did not replicate these correlations, sug-
gesting that the underlying pathophysiological mecha-
nisms may differ significantly across populations and war-
rant further exploration. 

Analysis of NHANES data (n=1,214 adults with HF) 
revealed a 22.1% prevalence of microalbuminuria. After 
multivariable adjustment, HF patients demonstrated 1.89-
fold higher odds of albuminuria compared to non-HF con-
trols, suggesting significant cardiorenal interplay (31). 
Similarly, elevated normal UACR levels (<30 mg/g) were 
associated with an increased risk of HF in 10,975 partici-
pants from the ARIC (Atherosclerosis Risk in Communi-
ties) study (32). Analysis revealed a dose-dependent rela-
tionship between albuminuria and HF risk. Compared to 
the reference group (UACR <5 mg/g), adjusted hazard 
ratios increased progressively across subthreshold albumi-
nuria categories (5–9 mg/g: HR 1.54; 10–29 mg/g: HR 
1.91). Clinically significant albuminuria demonstrated 
even stronger associations, with microalbuminuria (HR 
2.49) and macroalbuminuria (HR 3.47) remaining inde-
pendent of both CAD and estimated GFR in multivariable 
models. In patients with HFpEF, elevated UACR was as-
sociated with impaired systolic function and greater right 
and left ventricular remodeling (29). Diabetic patients 
with persistent microalbuminuria demonstrated concurrent 
evidence of diffuse cardiac impairment, including diastol-
ic dysfunction (30, 33). Even subclinical albuminuria (<30 
mg/g) correlated with left ventricular hypertrophy and 
diastolic dysfunction in hypertensive individuals, with a 
more pronounced association in patients aged <70 years. 
(34). Albuminuria has significant prognostic implications 
for individuals with HF. One study found that higher ad-
mission UACR levels were significantly associated with a 
greater likelihood of HF readmission (35). A meta-
analysis of eleven studies involving HF patients demon-
strated an increase in all-cause mortality associated with 
both micro- and macroalbuminuria (36). 

The relationship between microalbuminuria and ven-
tricular function is complex. Microalbuminuria can arise 
from ventricular dysfunction, and albuminuria has been 
linked to ventricular dysfunction even before the onset of 
HF (30, 32). This suggests that factors such as endothelial 
dysfunction and systemic inflammation may mediate the 
connection between albuminuria and cardiac dysfunction. 
Additionally, severe RV dysfunction can lead to increased 
pressure in the venous system, resulting in renal conges-
tion. This congestion can affect kidney function and con-
tribute to albuminuria (37-39). 

The high incidence of microalbuminuria in our patients 
may be attributed to various population characteristics, 
including predisposing conditions such as HTN, DM, and 
CKD. These comorbidities are often intertwined, creating 
a complex clinical picture where each condition exacer-
bates the others.  
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Mechanistic Links & Clinical Implications 
Our findings demonstrate microalbuminuria as an inde-

pendent predictor of elevated RV filling pressure (adjusted 
OR 2.88, 95% CI 1.22-6.84), unaffected by traditional risk 
factors (sex, age, BMI), suggesting unique pathophysio-
logical pathways linking renal and cardiac dysfunction. 
This association likely involves either venous congestion-
mediated renal injury from retrograde pressure transmis-
sion or shared neurohormonal activation through 
RAAS/sympathetic pathways, supporting the clinical utili-
ty of albuminuria screening (with effect size comparable 
to echocardiographic parameters) for early detection of 
right heart dysfunction in at-risk populations. The clinical 
implications of these findings are significant. Identifying 
microalbuminuria in non-obstructive CAD patients may 
indicate the need for closer monitoring and more aggres-
sive management of cardiovascular risk factors. Since 
microalbuminuria often precedes overt renal impairment 
and cardiovascular events, it could serve as a valuable 
screening tool in clinical practice. Early detection and 
intervention may help mitigate the progression of both 
renal and cardiovascular diseases, ultimately improving 
patient outcomes. 

 
Limitations of the Study 
Being observational, the study does not establish a 

causal relationship between albuminuria and echocardio-
graphic findings of right-sided HF. Additionally, using a 
single urine sample to measure UACR may reduce the 
reliability of the results (40). The lack of longitudinal data 
on albuminuria, creatinine, or blood pressure restricts our 
ability to comprehend how variations in these parameters 
may affect the relationship over time. Longitudinal studies 
are warranted to further elucidate this relationship and 
assess whether interventions targeting microalbuminuria 
can improve cardiac outcomes. This study did not assess 
lipid profiles (e.g., cholesterol, triglycerides) or hyper-
lipidemia status, which may be relevant to certain clinical 
outcomes. Moreover, our assessment of RV hemodynam-
ics was limited to filling pressure estimation via the E/e' 
ratio rather than comprehensive diastolic assessment. Car-
diac MRI or speckle-tracking echocardiography could 
provide more detailed insights into myocardial mechanics 
and improve our comprehension of how microalbuminuria 
affects RV performance. 

 
Conclusion 
Our analysis demonstrates that microalbuminuria serves 

as an independent predictor of elevated RV filling pres-
sure in non-obstructive CAD patients, suggesting its po-
tential role as an early marker of subclinical RV dysfunc-
tion. These findings highlight the value of routine albumi-
nuria screening in cardiac risk assessment. Further re-
search should investigate the underlying mechanisms and 
potential benefits of early intervention in microalbu-
minuric patients. 
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