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Background: Microalbuminuria, an early indicator of renal damage, is
Received: 15 June 2024 increasingly recognized as a marker for cardiovascular risk.
Aim and Objective: This study aims to evaluate the association between
microalbuminuria and cardiovascular risk factors in pre-diabetic and pre-
Accepted: 25 July 2024 hypertensive patients.
Methods: A case-control study was conducted with 150 pre-diabetic and 150
R . pre-hypertensive patients, compared to age- and sex-matched controls.
Published: 15 Aug 2024 Participants underwent comprehensive assessments including anthropometric
measurements, blood pressure monitoring, fasting blood glucose, serum lipid
W ) profiles, and urine albumin-to-creatinine ratio (ACR). Statistical analyses
doi: 10.48047/AFJBS.6,12.2024.6493-6503 included ANOVA, post-hoc Tukey’s tests, multiple linear regression, and
logistic regression.
Results: The prevalence of microalbuminuria was significantly higher in pre-
diabetic (45%) and pre-hypertensive patients (48%) compared to controls
(15%). ANOVA revealed significant differences in mean ACR across quartiles
of systolic blood pressure, BMI, and fasting blood glucose, with higher levels
associated with increased ACR. Logistic regression showed that pre-diabetes
and pre-hypertension were significant independent predictors of
microalbuminuria, with odds ratios of 2.73 and 3.24, respectively. The
combined presence of both conditions increased the odds to 4.86.
Conclusion: Microalbuminuria is prevalent among pre-diabetic and pre-
hypertensive individuals and is strongly associated with increased
cardiovascular risk factors. Early screening for microalbuminuria and
management of cardiovascular risk factors are crucial for preventing
progression to more severe cardiovascular and renal diseases. These findings
underscore the importance of routine monitoring and intervention in at-risk
populations. Future research should explore additional biomarkers and confirm
these associations in diverse populations.
Keywords: Microalbuminuria, Cardiovascular, pre-diabetic, pre-hypertensive,
renal.

INTRODUCTION

Cardiovascular diseases (CVDs) remain the leading cause of morbidity and mortality
worldwide, accounting  for  approximately 17.9 million deaths annually.
A major contributing cause to the rising incidence of CVDs is the growth in related risk facto
rs such diabetes, dyslipidaemia, and hypertension®.ldentifying people who are at high risk of
CVDs early on is crucial to putting preventive measures into place. In this regard,
microalbuminuria has become a promising indicator of early cardiovascular risk, particularly
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in individuals who are pre-diabetic and pre-hypertensive. 2.Intermediate conditions known as
pre-diabetes and pre-hypertension denote an increased chance of developing diabetes mellitus
(DM) and hypertension (HTN), respectively. raised blood pressure that is not yet in the
hypertensive range is referred to as pre-hypertension, whereas raised blood glucose levels
that do not yet fulfil the criteria for diabetes are the hallmark of pre-diabetes.®. Both disorders
are linked to vascular and metabolic abnormalities that accelerate the development of CVDs,
such as endothelial dysfunction, insulin resistance, and chronic inflammation.*. The excretion
of albumin in the urine at amounts ranging from 30 to 300 mg/day, known as
microalbuminuria, has been thoroughly investigated as a potential indicator of kidney damage
in diabetic patients. However, new research indicates that in people without obvious diabetes
or hypertension, microalbuminuria may also be a useful early marker of cardiovascular risk °.
Patients who are pre-diabetic or pre-hypertensive, who are more susceptible to CVDs but
may not yet show classic clinical indicators of cardiovascular risk, should pay particular
attention to this observation.Diabetes patients have a well-established correlation between
microalbuminuria and cardiovascular risk; in this population, microalbuminuria is
acknowledged as an early indicator of diabetic nephropathy and an independent predictor of
cardiovascular events, including myocardial infarction, stroke, and heart failure. ®. These
patients’ microalbuminuria is assumed to be a reflection of increased arterial permeability and
generalized endothelial dysfunction, both of which accelerate the development of
atherosclerosis and other cardiovascular problems.”.Microalbuminuria has also been
connected to an elevated risk of CVDs in those without diabetes. Research has demonstrated
that microalbuminuria is linked to an increased risk of death and a higher incidence of
cardiovascular events even in the absence of overt diabetes or hypertension 8. This implies
that microalbuminuria could be used as a cardiovascular risk marker early on, possibly
detecting high-risk patients before the start of symptoms that are clearly visible®. There are a
number of theories on the precise mechanisms that underlie the Ilink between
microalbuminuria and cardiovascular risk, but they remain unclear. A plausible rationale is
that systemic endothelial dysfunction, a major factor in the development of atherosclerosis
and other cardiovascular problems, is reflected in microalbuminuria. °. A loss of normal
endothelium function, such as reduced vasodilation, elevated vascular permeability, and a
pro-inflammatory and pro-thrombotic condition, is known as endothelial dysfunction 1.
These alterations encourage the formation of atherosclerotic plaques, which can result in
heart attacks and myocardial infarctions. '2.Chronic low-grade inflammation is another
possible mechanism that connects microalbuminuria to cardiovascular risk. People with
microalbuminuria have been reported to have elevated levels of inflammatory markers, such
as C-reactive protein (CRP) and interleukin-6 (IL-6), indicating that inflammation may be
involved in the development of both microalbuminuria and CVDs.'3. Furthermore, the
pathophysiology of both microalbuminuria and CVDs has been linked to oxidative stress,
which is defined as an imbalance between the body's capacity to neutralise reactive oxygen
species and their generation *. Endothelial dysfunction, inflammation, and vascular damage
are all consequences of oxidative stress that can contribute to the development of
cardiovascular diseases (CVDs) 1°.Evidence from epidemiological studies and clinical trials
further supports the association between microalbuminuria and cardiovascular risk. For
instance, the HOPE (Heart Outcomes Prevention Evaluation) trial showed that in both
diabetic and non-diabetic patients, microalbuminuria was linked to an increased risk of
cardiovascular events®®. In a similar vein, microalbuminuria was found to be a robust
predictor of cardiovascular morbidity and mortality in the general population by the
PREVEND (Prevention of Renal and Vascular End-Stage Disease) study, even when
conventional risk variables like blood pressure, cholesterol, and smoking were
disregarded'’.Important  clinical ramifications result from the identification of
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microalbuminuria in pre-diabetic and pre-hypertensive patients. First, it could be used as a
marker for early detection of cardiovascular disease (CVD) in high-risk individuals, enabling
prompt intervention and prevention. More aggressive care of cardiovascular risk factors, such
as blood pressure control, cholesterol management, and lifestyle adjustments, may be
initiated upon early discovery of microalbuminuria.’®. Given the rising incidence of pre-
diabetes and pre-hypertension, which are frequently misdiagnosed and inadequately treated,
this is especially crucial®®.Secondly, patients who are pre-diabetic or pre-hypertensive and
have microalbuminuria may require more frequent monitoring and follow-up. Regular
monitoring for the development of overt diabetes and hypertension, as well as more frequent
examinations of cardiovascular risk variables such as blood pressure, lipid profile, and
glucose levels, may be beneficial for these individuals?®®. Furthermore, the use of therapies
that specifically target endothelial dysfunction and inflammation, such as angiotensin-
converting enzyme (ACE) inhibitors or angiotensin receptor blockers (ARBs), which have
been demonstrated to lower albuminuria and enhance cardiovascular outcomes in high-risk
patients, may be warranted in the presence of microalbuminuria ?*.Microalbuminuria is a
measure of cardiovascular risk in pre-diabetic and pre-hypertensive patients, although its
importance is yet unknown. Relatively few research have examined the incidence of
microalbuminuria and its implications in the pre-disease states; most investigations on the
subject have concentrated on patients with overt diabetes or hypertension?2.In light of the
rising incidence of CVDs and the need of early risk identification, this absence of data
represents a substantial gap in the literature. By determining the frequency of
microalbuminuria in pre-diabetic and pre-hypertensive individuals and analyzing its
correlation with cardiovascular risk factors, this study seeks to close this gap in knowledge.

METHODOLOGY

Study Design

This study was a prospective, observational, case-control study conducted to evaluate the
prevalence of microalbuminuria and its association with cardiovascular risk factors in pre-
diabetic and pre-hypertensive patients. The study was carried out over a period from 2016 to
2018 at Yenepoya Medical College, Hospital, Mangalore, and it adhered to the ethical
guidelines laid out by the institutional review board (IRB). Written informed consent was
obtained from all participants before enrollment in the study.The study was approved by the
Institutional Ethics Committee (IEC), and all procedures were conducted in accordance with
the Declaration of Helsinki. Data confidentiality was maintained throughout the study, and
results were used solely for research purposes. Participants were provided with counseling
and appropriate referrals based on their clinical findings.This methodology ensures a
comprehensive evaluation of the relationship between microalbuminuria and cardiovascular
risk factors in pre-diabetic and pre-hypertensive patients, allowing for robust conclusions to
be drawn from the study.

Study Population

A total of 300 participants were recruited for the study from OPD/IPD of Yenepoya Medical
College, Hospital, Mangalore, comprising 150 cases and 150 controls. Cases were defined as
individuals with pre-diabetes and/or pre-hypertension, while controls were normoglycemic
and normotensive individuals matched for age and sex.

Inclusion Criteria for Cases

1. Pre-diabetes: Individuals with fasting plasma glucose levels between 100 and 125
mg/dL, or HbAlc levels between 5.7% and 6.4%, as per the American Diabetes
Association criteria.
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2. Pre-hypertension: Individuals with systolic blood pressure between 120 and 139 mmHg
or diastolic blood pressure between 80 and 89 mmHg, as per the American Heart
Association guidelines.

3. Age between 30 and 65 years.

4. Both male and female subjects.

Inclusion Criteria for Controls

1. Normoglycemic: Fasting plasma glucose <100 mg/dL and HbAlc <5.7%.

2. Normotensive: Systolic blood pressure <120 mmHg and diastolic blood pressure <80
mmHg.

3. Age between 30 and 60 years.

4. Both male and female participants.

Exclusion Criteria

1. Individuals with a history of overt diabetes mellitus or hypertension.

2. Known cases of chronic kidney disease, cardiovascular disease, or any other chronic
illness.

3. Pregnant women.

4. Individuals on medications that could affect blood pressure, glucose metabolism, or
urinary albumin excretion, such as ACE inhibitors, ARBs, or diuretics.

Data Collection

Baseline Assessment: Subjects underwent a detailed baseline assessment, which included a
comprehensive medical history, physical examination, and laboratory investigations.
Demographic data, including age, sex, body mass index (BMI), and smoking status, were
recorded. Blood pressure was measured using a calibrated sphygmomanometer, with the
average of three readings taken after five minutes of rest.

Laboratory Investigations

e Fasting Blood Glucose (FBG): Measured using the glucose oxidase-peroxidase method.

e HbAlc:Determined by Enzymatic Method on Vitros Kit method.

e Lipid Profile: Total cholesterol, high-density lipoprotein (HDL) cholesterol, low-density
lipoprotein (LDL) cholesterol, and triglycerides were measured using enzymatic
colorimetric methods.

e Serum Creatinine: Measured using the Jaffe method to estimate glomerular filtration
rate (GFR) using the CKD-EPI formula.

e Urinary Albumin Excretion: Microalbuminuria was assessed by measuring the
albumin-to-creatinine ratio (ACR) in a spot urine sample. Microalbuminuria was defined
as an ACR between 30 and 300 mg/g.

Statistical Analysis

Data was entered on Microsoft excel spread sheet. Data were analyzed using SPSS software,
version 21.0. Descriptive statistics were used to summarize demographic and clinical
characteristics. Continuous variables were expressed as means + standard deviations, while
categorical variables were presented as frequencies and percentages.Independent t-tests were
used to compare continuous variables between cases and controls.Chi-square tests were used
for categorical variables.Pearson correlation coefficients were calculated to assess the
association between microalbuminuria (ACR) and various cardiovascular risk factors,
including BMI, FBG, HbAlc, lipid profile, and blood pressure.Multiple linear regression
analysis was performed to identify independent predictors of microalbuminuria, with ACR as
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the dependent variable and cardiovascular risk factors as independent variables.Logistic
regression analysis was conducted to evaluate the association between microalbuminuria
(categorized as present/absent) and the presence of pre-diabetes or pre-hypertension. ANOVA
was used to compare ACR across different quartiles of cardiovascular risk factors.Post-hoc
Tukey's test was applied to identify significant differences between groups.A p-value of
<0.05 was considered statistically significant.

RESULTS

The study included 300 participants, comprising 150 cases and 150 controls. Cases were
defined as individuals with pre-diabetes and/or pre-hypertension, while controls were
normoglycemic and normotensive individuals matched for age and sex. The demographic and
baseline characteristics of the study population are summarized in Table 1.

Table 1: Demographic and Baseline Characteristics of Study Participants

Characteristic Cases (n=150) | Controls (n=150) | p-value

Age (years) 523%8.7 51.8+9.1 0.560

Male, n (%) 85 (56.7) 82 (54.7) 0.742
BMI (kg/m?) 285+4.2 246 £3.7 <0.001*

Smoking Status (Smokers, n%) 38 (25.3) 30 (20.0) 0.285
Systolic BP (mmHQ) 1342 £8.5 116.4 £ 6.3 <0.001*
Diastolic BP (mmHQg) 85.9+6.8 75.2+55 <0.001*
Fasting Blood Glucose (mg/dL) 1145+ 10.2 88.7 £5.8 <0.001*
HbAlc (%) 6.1+0.3 54+0.2 <0.001*
Total Cholesterol (mg/dL) 210.6 £ 34.2 178.3 £ 28.9 <0.001*
HDL Cholesterol (mg/dL) 42.7+8.1 526 +7.3 <0.001*
LDL Cholesterol (mg/dL) 1389+ 324 115.2 £ 26.7 <0.001*
Triglycerides (mg/dL) 180.4 £ 40.5 142.3 + 35.6 <0.001*
Serum Creatinine (mg/dL) 1.01+0.14 0.94+0.12 <0.001*
ACR (mg/g) 45.8 + 18.7 18.6 + 6.9 <0.001*

*p-value < 0.05 is considered statistically significant.

The baseline characteristics show that cases had significantly higher BMI, systolic and
diastolic blood pressure, fasting blood glucose, HbAlc, total cholesterol, LDL cholesterol,
triglycerides, serum creatinine, and ACR compared to controls. HDL cholesterol was
significantly lower in cases than controls. There was no significant difference in age and
smoking status between the two groups (Table-1). Microalbuminuria, defined as an ACR
between 30 and 300 mg/g, was found to be significantly more prevalent in cases than in
controls. As shown in Table 2, 47.3% of cases exhibited microalbuminuria, compared to only
10.7% of controls.

Table 2: Prevalence of Microalbuminuria in Cases and Controls

Microalbuminuria (ACR 30-300 mg/g) | Cases (n=150) | Controls (n=150) | p-value
Present, n (%) 71 (47.3) 16 (10.7) <0.001*
Absent, n (%) 79 (52.7) 134 (89.3)

*p-value < 0.05 is considered statistically significant.
The prevalence of microalbuminuria was significantly higher in pre-diabetic and pre-

hypertensive patients (cases) compared to normoglycemic and normotensive individuals
(controls). This suggests a strong association between pre-diabetic/pre-hypertensive status
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and the presence of microalbuminuria (Table-2). The association between microalbuminuria
and various cardiovascular risk factors was assessed using Pearson correlation analysis. The
results are summarized in Table 3.

Table 3: Pearson Correlation Between ACR and Cardiovascular Risk Factors

Variable Correlation Coefficient (r) | p-value

BMI (kg/m?) 0.42 <0.001*
Systolic BP (mmHg) 0.51 <0.001*
Diastolic BP (mmHg) 0.47 <0.001*
Fasting Blood Glucose (mg/dL) 0.39 <0.001*
HbAlc (%) 0.36 <0.001*

Total Cholesterol (mg/dL) 0.29 <0.001*
HDL Cholesterol (mg/dL) -0.32 <0.001*
LDL Cholesterol (mg/dL) 0.35 <0.001*
Triglycerides (mg/dL) 0.31 <0.001*
Serum Creatinine (mg/dL) 0.41 <0.001*

*p-value < 0.05 is considered statistically significant.

ACR showed significant positive correlations with BMI, systolic BP, diastolic BP, fasting
blood glucose, HbAlc, total cholesterol, LDL cholesterol, triglycerides, and serum creatinine.
HDL cholesterol was inversely correlated with ACR. These findings indicate that higher
levels of these cardiovascular risk factors are associated with increased microalbuminuria.To
identify independent predictors of microalbuminuria, a multiple linear regression analysis
was performed with ACR as the dependent variable and cardiovascular risk factors as
independent variables. The results are presented in Table 4.

Table 4: Multiple Linear Regression Analysis for Predictors of ACR

Variable B Coefficient | Standard Error | p-value

BMI (kg/m?) 0.31 0.05 <0.001*

Systolic BP (mmHg) 0.38 0.07 <0.001*
Fasting Blood Glucose (mg/dL) 0.29 0.06 <0.001*
HDL Cholesterol (mg/dL) -0.25 0.04 <0.001*
Serum Creatinine (mg/dL) 0.32 0.09 0.002*

*p-value < 0.05 is considered statistically significant.

Systolic BP, BMI, fasting blood glucose, serum creatinine, and HDL cholesterol were found
to be significant independent predictors of ACR. These variables explain a substantial portion
of the wvariability in ACR, indicating that they are important determinants of
microalbuminuria in pre-diabetic and pre-hypertensive patients.To further explore the
relationship between microalbuminuria and cardiovascular risk factors, an ANOVA was
conducted to compare mean ACR levels across quartiles of systolic BP, BMI, and fasting
blood glucose. Post-hoc Tukey's tests were used to identify significant differences between
quartiles. The results are summarized in Table 5.

Table 5: ANOVA and Post-Hoc Analysis of ACR by Quartiles of Systolic BP, BMI, and
Fasting Blood Glucose

Risk Factor | Quartile | Quartile | Quartile | Quartile p-value Significant Pairwise
1 2 3 4 (ANOVA) Comparisons (Tukey)
SystolicBP | 25.6 + 36.8 + 48.2 + 56.4 + <0.001* Q1vs Q4, Q2 vs Q4, Q3
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(mmHg) 7.3 9.4 11.7 13.1 vs Q4
BMI (kg/m?) | 24.7 + 35.1+ 443 + 53.6 + <0.001* Q1lvsQ4,Q2vs Q4, Q3
6.2 8.9 10.3 11.8 vs Q4
Fasting 22.8 £ 316+ 409 + 542 £ <0.001* Q1vsQ4,Q2vs Q4, Q3
Blood 6.8 8.4 9.7 12.4 vs Q4
Glucose
(mg/dL)

*p-value < 0.05 is considered statistically significant.

ANOVA showed significant differences in mean ACR across quartiles of systolic BP, BMI,
and fasting blood glucose. Post-hoc Tukey’s tests revealed that ACR was significantly higher
in the highest quartile compared to the lower quartiles for each risk factor. These results
suggest that higher levels of systolic BP, BMI, and fasting blood glucose are strongly
associated with increased microalbuminuria.A logistic regression analysis was conducted to
evaluate the association between microalbuminuria (categorized as present or absent) and the
presence of pre-diabetes and/or pre-hypertension. The results are shown in Table 6.

Table 6: Logistic Regression Analysis for the Association Between Microalbuminuria
and Pre-diabetes/Pre-hypertension

Predictor Odds Ratio | 95% Confidence | p-value
(OR) Interval (CI)
Pre-diabetes 2.73 1.52-4.89 0.001*
Pre-hypertension 3.24 1.88-5.58 <0.001*
Combined (Pre-diabetes & Pre-hypertension) 4.86 2.68-8.82 <0.001*

*p-value < 0.05 is considered statistically significant.

The logistic regression analysis indicates that individuals with pre-diabetes, pre-hypertension,
or both are significantly more likely to have microalbuminuria compared to normoglycemic
and normotensive individuals. The odds of having microalbuminuria are highest in
individuals with both pre-diabetes and pre-hypertension, highlighting the synergistic impact
of these conditions on renal function.

DISCUSSION

This study investigated the association between microalbuminuria and cardiovascular risk
factors in pre-diabetic and pre-hypertensive patients. When compared to normoglycemic and
normotensive controls, we showed that microalbuminuria was substantially more common in
individuals with pre-diabetes and/or pre-hypertension.Additionally, our results showed a
strong relationship between microalbuminuria and a number of cardiovascular risk variables,
such as blood pressure, BMI, serum creatinine, and fasting blood glucose. Systolic blood
pressure, BMI, fasting blood glucose, and HDL cholesterol were found to be independent
predictors of microalbuminuria by regression analyses. Pre-diabetes and pre-hypertension are
substantial risk factors for microalbuminuria, which was further verified by logistic
regression.The study's findings reported that pre-diabetic and pre-hypertensive patients had a
greater prevalence of microalbuminuria is consistent with other studies. Study over and again
demonstrates that in people with metabolic problems and hypertension, microalbuminuria is
an early indicator of renal impairment and cardiovascular risk. Microalbuminuria prevalence
in pre-diabetic adults has been observed to vary between 20% and 50%, contingent upon the
population under investigation and the diagnostic criteria employed.?®. Similarly, pre-
hypertensive individuals are known to have a higher risk of developing microalbuminuria
compared to normotensive individuals 2*.Our finding reported that nearly half of the pre-
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diabetic and pre-hypertensive patients had microalbuminuria is consistent with these reports.
This high prevalence underscores the importance of screening for microalbuminuria in at-risk
populations to facilitate early intervention and management.Our study demonstrated
significant positive correlations between ACR and several cardiovascular risk factors,
including BMI, systolic and diastolic blood pressure, fasting blood glucose, and serum
creatinine. These findings are in line with the literature. Research has shown that increased
BMI is associated with higher levels of microalbuminuria, likely due to its impact on insulin
resistance and hypertension %°. Similarly, elevated blood pressure has been consistently
linked to higher ACR levels, as hypertension can exacerbate renal damage and increase
albumin leakage into the urine 2. The correlation between ACR and fasting blood glucose and
HbA1c reflects the role of glucose metabolism in renal pathology. Elevated blood glucose
levels can damage renal vasculature and increase albuminuria 2’. Additionally, serum
creatinine, a marker of kidney function, has been shown to correlate with microalbuminuria,
indicating that worsening renal function is associated with increased albumin excretion 28, The
inverse relationship between HDL cholesterol and ACR found in our study supports previous
findings that lower HDL levels are associated with higher cardiovascular risk and renal
damage ?°. HDL cholesterol is known to have protective effects on endothelial function and
inflammation, which could explain its association with microalbuminuria %. The multiple
linear regression analysis identified systolic blood pressure, BMI, fasting blood glucose, and
HDL cholesterol as significant independent predictors of ACR. These results are consistent
with existing studies. Systolic blood pressure has been shown to be a strong predictor of
microalbuminuria, with elevated levels contributing to endothelial dysfunction and renal
damage 3%. Similarly, higher BMI is associated with increased microalbuminuria, likely due
to its impact on insulin resistance and hypertension 2.The association of fasting blood
glucose with microalbuminuria is well-documented, with hyperglycemia being a key driver
of renal damage in diabetic and pre-diabetic patients *. The role of HDL cholesterol as a
predictor of microalbuminuria reinforces its importance in cardiovascular health and renal
protection *.0ur post-hoc analysis revealed that mean ACR levels were significantly higher
in the highest quartiles of systolic blood pressure, BMI, and fasting blood glucose. This
analysis supports the idea that higher levels of these risk factors are associated with increased
microalbuminuria. Previous studies have similarly demonstrated that elevated cardiovascular
risk factors contribute to higher levels of microalbuminuria, highlighting the need for targeted
interventions in individuals with these risk profiles 3.The significant differences found in
ACR across quartiles of systolic blood pressure, BMI, and fasting blood glucose suggest that
these variables have a dose-response relationship with microalbuminuria. As such, managing
these risk factors effectively may help reduce the incidence of microalbuminuria and
subsequent renal and cardiovascular complications.The logistic regression analysis confirmed
that pre-diabetes and pre-hypertension significantly increase the likelihood of
microalbuminuria. This finding is consistent with other research that has identified pre-
diabetes and pre-hypertension as significant risk factors for renal damage and cardiovascular
disease. Pre-diabetic individuals are at higher risk for developing microalbuminuria due to
the early stages of diabetic nephropathy . Similarly, pre-hypertension has been associated
with an increased risk of developing microalbuminuria and other renal complications 3.Our
results highlight the importance of monitoring and managing individuals with pre-diabetes
and pre-hypertension to prevent progression to more severe stages of cardiovascular and renal
disease. Early identification and treatment of these conditions can help mitigate the risk of
developing microalbuminuria and its associated complications.Recent studies have reinforced
the findings of our study. Research by Gansevoort et al. demonstrated that microalbuminuria
is a valuable marker for cardiovascular risk and progression to overt kidney disease in various
patient populations . Their findings underscore the importance of screening for
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microalbuminuria in individuals with metabolic and cardiovascular risk factors.Similarly, a
study by de Zeeuw et al. highlighted the role of microalbuminuria as an early marker of
cardiovascular events and renal decline, particularly in patients with diabetes and
hypertension *°. These findings support our study's results and emphasize the need for early
intervention in at-risk populations.Furthermore, recent guidelines from the American
Diabetes Association and the American Heart Association recommend regular screening for
microalbuminuria in individuals with diabetes and hypertension, reflecting the critical role of
this marker in managing cardiovascular and renal health 4041,

CONCLUSION

This study highlights the significant association between microalbuminuria and
cardiovascular risk factors in pre-diabetic and pre-hypertensive patients. Our findings
demonstrate that microalbuminuria is prevalent in these at-risk populations, with a strong
correlation to elevated body mass index, systolic blood pressure, fasting blood glucose, and
reduced HDL cholesterol. The results underscore the importance of early screening for
microalbuminuria in individuals with pre-diabetes and pre-hypertension to identify those at
increased risk for cardiovascular and renal complications. Effective management of
cardiovascular risk factors, including lifestyle modifications and pharmacotherapy, is crucial
in reducing the incidence of microalbuminuria and preventing progression to more severe
health conditions. The study's findings also support the need for targeted interventions and
regular monitoring in at-risk populations to improve long-term outcomes. Overall,
incorporating routine screening for microalbuminuria and addressing associated risk factors
can play a critical role in mitigating the impact of cardiovascular and renal diseases. Future
research should focus on longitudinal studies to confirm these associations and explore
additional biomarkers that could provide further insights into the relationship between
microalbuminuria and cardiovascular risk.
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