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Abstract 

Background: Type 2 diabetes mellitus (T2DM) is associated with 
chronic hyperglycaemia, endothelial dysfunction, and progressive 
microvascular complications. Microalbuminuria is an early marker of 
diabetic nephropathy, while glycated hemoglobin (HbA1c) reflects 
long-term glycaemic control. Alterations in nitric oxide (NO) 
metabolism have been implicated in endothelial dysfunction; however, 
the relationship between serum NO, HbA1c, and microalbuminuria 
across different age groups remains incompletely understood. This 
study evaluated serum NO and HbA1c levels in T2DM patients with 
and without microalbuminuria and examined their association. 
Methods: A hospital-based cross-sectional study was conducted among 
200 patients with T2DM aged ≥30 years attending a tertiary teaching 
hospital. Participants were categorized into Group I 
(normoalbuminuria; n=123) and Group II (microalbuminuria; n=77). 
Serum nitric oxide was estimated using the Griess reagent assay, 
HbA1c was measured by standard laboratory methods, and 24-hour 
urinary albumin was quantified. Data were analyzed using SPSS 
version 17.0. Continuous variables were expressed as median 
(interquartile range), group comparisons were performed using the 
Mann–Whitney U test, and Spearman's rank correlation was used to 
assess the association between HbA1c and serum NO. 
Results: Patients with microalbuminuria demonstrated significantly 
higher serum NO and HbA1c levels than normoalbuminuric subjects, 
particularly in the 30–45 and 45–55-year age groups (P-value<0.001). 
A significant positive correlation was observed between serum NO and 
HbA1c levels (Spearman's ρ=0.34, P-value<0.001), indicating that 
worsening glycaemic control was associated with increased circulating 
nitric oxide metabolites. The findings suggest that elevated serum NO 
may represent a compensatory response to oxidative stress and 
endothelial dysfunction during the early stages of diabetic 
nephropathy. 
Conclusion: Patients with T2DM and microalbuminuria exhibit 
significantly higher serum nitric oxide and HbA1c levels than those 
without microalbuminuria. The positive association between HbA1c 
and serum NO suggests that poor glycaemic control is accompanied by 
altered nitric oxide metabolism, reflecting early endothelial 
dysfunction. Simultaneous assessment of HbA1c, serum NO, and 
microalbuminuria may provide valuable biochemical insight into the 
early detection and risk stratification of diabetic nephropathy, 
particularly among younger patients. 
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Introduction 

Diabetes mellitus (DM) is a metabolic syndrome indicated 
by insufficient insulin secretion or impaired tissue sensitivity to 
or use of insulin. Impaired metabolism of fat, protein, or 
carbohydrates is the cause of it.1 Management of diabetes stops 
both acute and long-term problems from developing. The most 
common complications in a diabetic population are 
cardiovascular problems, neuropathy, retinopathy, and 
nephropathy. These conditions also serve as the primary cause 
of death.2 For determining glycaemic control over the previous 
6–8 weeks, the HbA1c level is a useful and accurate indicator.3 
Normally, the HbA1c level is less than 5.5%; however, 
according to ADA guidelines, the number might grow to 15% 
in diabetes patients.4 Unsatisfactory DM management is 
indicated by an increased HbA1c level. Every ten years of age, 
HbA1c readings increase by 0.1%; as a result, older patients' 
results are noticeably greater than those of young adults.5 

Nitric Oxide (NO) relaxes the endothelium and is a 
vasodilator. Vascular NO is produced by endothelial Nitric 
Oxide Synthase (eNOS). Endothelial dysfunction is caused by 
decreased NO availability and increased generation of 
superoxide in diabetic individuals due to decreased eNOS 
activity.6 

With this literature available, the present study was planned 
to study the effect of age on the serum NO and HbA1c levels 
and also to correlate the plasma HbA1c with serum NO levels 
in type 2 diabetics of the rural population. 

The innovation of this work lies in its integrated evaluation 
of serum NO and glycated hemoglobin (HbA1c) in relation to 
Microalbuminuria across distinct age strata of type 2 diabetic 
subjects. Unlike prior studies assessing these parameters 
independently, our design provides a comprehensive 
biochemical perspective on the interrelationship between 
glycaemic control and endothelial function. 

Notably, the observation of elevated NO levels among 
microalbuminuric subjects offers a novel interpretation of NO 
physiology, suggesting an early compensatory endothelial 
response rather than uniform depletion. Conducted in an Indian 
cohort, the study also contributes population-specific 
biochemical data relevant to risk prediction in early diabetic 
nephropathy. Collectively, these aspects underscore the study’s 
conceptual, methodological, and translational innovation 
within the field of clinical biochemistry. 

Materials and Methods 
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In a tertiary teaching hospital, 200 patients aged 30 years 
and older who had been diagnosed with type 2 diabetes for 
more than a year participated in this hospital-based cross-
sectional study. 

Two groups of patients were determined. 

Group I: consisted of 123 participants who had normal 
albuminuria, or less than 20 mg of albumin per 24 hours. 

Group II: 77 participants with Microalbuminuria (i.e., >20 
to <300 mg/24 hr) were included. 

In this study, we assayed the levels of serum NO and 
plasma HbA1c. 

Method of sample collection: Following approval from 
the Institutional Human Ethical Committee, the study began. 
Attending our tertiary-level rural hospital after receiving 
written/informed consent from the subject or the subject's legal 
representative in a regional language. Blood and Urine 
Samples collected were 

i. 2 mL sample of fasting blood was drawn in a plain bulb 
from the antecubital vein. The serum was tested 
immediately to estimate the concentration of NO. 

ii. 2 ml of blood sample was drawn into an ethylene-diphenyl 
tetra-acetic acid (EDTA) bulb. After allowing the samples 
to clot, the plasma was separated by centrifuging them for 
at least 10 minutes at 3000 rpm. The buffy coat was 
removed after the plasma was separated, and the remaining 
erythrocytes were used to make the haemolysate. The 
haemolysate was used to estimate the amount of 
glycosylated hemoglobin and was kept in aliquots at -20° 
C. 

iii. 24 hr Urine Sample was collected to quantify albumin in 
urine. 

Method of analysis: 

a. Estimation of NO – Griess Reagent Assay:7 Since NO 
quickly reacts with oxygen to produce nitrogen dioxide 
(NO2), nitrite assessment in serum was carried out. 

b. Estimation of Glycosylated Haemoglobin:8 Since total 
hemoglobin quality affects HbA1c levels as well, the 
reported HbA1c value is expressed as a percentage of total 
hemoglobin concentration. 

Statistical analysis: Statistical analysis was performed 
using SPSS version 17.0 and GraphPad Prism version 5.0. The 
distribution of continuous variables, including serum NO and 
plasma HbA1c, was evaluated using visual inspection of 
histograms and Q–Q plots in conjunction with formal tests of 
normality. As the variables demonstrated deviation from a 
normal distribution, non-parametric statistical methods were 
adopted. 

Accordingly, continuous data are presented as median with 
interquartile range (IQR). Intergroup comparisons were 
conducted using appropriate non-parametric tests. The 
association between serum NO and HbA1c levels was assessed 
using Spearman’s rank correlation coefficient. A two-tailed P-
value<0.05 was considered statistically significant. 

Results 
200 people with type 2 diabetes who were diagnosed and 

had been diseased for more than a year, aged more than 30, 
participated in this study. The patients were split into two 
groups: group II contained 77 patients with Microalbuminuria, 
and group I contained 123 patients with normal albuminuria. 

Age based gender wise distribution of subjects: Table 1 
shows gender proportions based on the total number of 
participants within each subgroup, allowing more accurate 
comparison of male–female distribution between 
normoalbuminuric and microalbuminuric subjects across age 
ranges. 

 

Table 1. Age- and gender-wise distribution of study participants 

Age Group (years) Group Male (n, %) Female (n, %) Total (n) 
30–45 I (Normal albuminuria) 51 (60.7 %) 33 (39.3 %) 84 
 II (Microalbuminuria) 14 (73.7 %) 5 (26.3 %) 19 
45–55 I (Normal albuminuria) 16 (51.6 %) 15 (48.4 %) 31 
 II (Microalbuminuria) 21 (67.7 %) 10 (32.3 %) 31 
55–65 I (Normal albuminuria) 3 (37.5 %) 5 (62.5 %) 8 
 II (Microalbuminuria) 15 (55.6 %) 12 (44.4 %) 27 

n=number 

 

 
Status of HbA1c and nitric oxide levels studied in both 

groups as per age: In Group I and Group II with Subjects 
between age >30-45 years, NO and HbA1c showed a 
significant rise in levels in Group II in comparison to Group I. 

The same trends were observed in the remaining other ages 
>45-55 and >55-65 in both Group I and II, as seen in Table 2. 

Table 3 depicts Spearman’s rank correlation between 
HbA1c and serum NO in type 2 diabetic subjects (n=200). 
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Table 2. Serum nitric oxide and HbA1c levels in type 2 diabetic subjects stratified by age [median (interquartile range)]** 

Age group (years) Group n Serum nitric oxide (µmol/L), 
Median (IQR) 

HbA1c (%), 
Median (IQR) P-value (NO) P-value (HbA1c) 

30–45 I (Normal albuminuria) 68 1.48 (1.38–1.62) 7.10 (6.40–7.40) <0.001 (S) 0.013 (S) 
 II (Microalbuminuria) 35 2.62 (1.50–2.83) 7.40 (6.65–7.80)   
45–55 I (Normal albuminuria) 20 1.42 (1.28–1.62) 6.75 (6.40–7.60) <0.001 (S) <0.001 (S) 
 II (Microalbuminuria) 42 2.43 (2.10–2.82) 8.10 (7.20–8.88)   
55–65 I (Normal albuminuria) 1 1.82 (1.82–1.82) 7.40 (7.40–7.40) 0.215 (NS) 0.299 (NS) 
 II (Microalbuminuria) 34 2.30 (2.10–2.62) 8.40 (7.53–9.20)   

Values are expressed as median (interquartile range). 

NO=Nitric Oxide; HbA1c=Glycated Hemoglobin; IQR=Interquartile Range; n=number of subjects; S=Significant; NS=Not significant. 

NO concentration represents total nitrite and nitrate (NOx), expressed in micromoles per liter (µmol/L), as determined by the Griess assay. 

P-values were calculated using the Mann–Whitney U test, with P-value<0.05 considered statistically significant. 

 

Table 3. Correlation of HbA1c levels in total diseased subjects with serum nitric oxide 

Parameters Median (interquartile range) Spearman’s ρ P-value 
Serum nitric oxide (µmol/l) 2.18 (1.48–2.62) 1.000 — 

HbA1c (%) 7.80 (6.70–8.70) 0.34 <0.001 (S) 

Values are expressed as median (interquartile range). 

Spearman’s rank correlation coefficient (ρ) was used to assess the association between serum nitric oxide and HbA1c levels due to the non-normal 
distribution of variables. 

S=Statistically significant (P-value<0.05). 

 

 
Normality was evaluated using the Shapiro–Wilk and 

Kolmogorov–Smirnov tests. The Shapiro–Wilk results were as 
follows: 

• Serum NO: W=0.936, p=1.08 × 10⁻⁷ 

• HbA1c: W=0.941, p=2.99 × 10⁻⁷ 

Although minor deviations from perfect normality were 
noted (likely due to the large sample size), the histograms with 
normal curve overlays and Q–Q (quantile–quantile) plots 
confirmed that both variables followed approximately normal 

distributions. Therefore, the use of parametric statistical 
methods (median (IQR) and Spearman correlation) remains 
appropriate. 

Normality of serum NO and HbA1c was assessed using the 
Shapiro–Wilk and Kolmogorov–Smirnov tests together with 
histogram and Q–Q plot inspection (Figure 1). Although the 
graphical assessment suggested approximate normality, the 
formal normality tests indicated significant deviation from a 
normal distribution. Therefore, non-parametric statistical 
methods, including the Mann–Whitney U test and Spearman's 
rank correlation, were used for data analysis. 
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Figure 1. Distribution of serum nitric oxide and HbA1c values, demonstrating approximate normality suitable for parametric testing 

 

 

Discussion 
DM is globally recognized as a major contributor to an 

increased risk of cardiovascular disease and other associated 
comorbidities. Chronic hyperglycaemia serves as a central 
driver in the pathogenesis of diabetic vascular complications, 
encompassing both microvascular and macrovascular 
involvement. The underlying mechanisms include excessive 
generation of reactive oxygen species (ROS) through multiple 
interrelated metabolic pathways, ultimately leading to 
endothelial dysfunction and progressive tissue injury.9 

In the present study, median serum NO and plasma HbA1c 
levels were higher among participants aged 30–45 years in 
Group II (microalbuminuric subjects) compared with those in 
Group I (normoalbuminuric subjects). This observation 
suggests that even at a relatively younger age, the presence of 
Microalbuminuria is associated with greater metabolic 
dysregulation and endothelial perturbation. Elevated HbA1c 
levels reflect suboptimal glycaemic control, while increased 
circulating NO metabolites may represent a compensatory 
endothelial response to ongoing oxidative stress and vascular 
injury.10 

NO plays a pivotal role in maintaining vascular 
homeostasis by promoting vasodilatation and inhibiting platelet 
aggregation and leukocyte adhesion. However, within the 
diabetic milieu, hyperglycaemia-induced oxidative stress 
reduces the bioavailability of biologically active NO through its 
rapid inactivation by superoxide anions, resulting in the 
formation of peroxynitrite, a highly reactive and cytotoxic 

species.11 This disruption of eNOS activity may initially trigger 
a compensatory increase in NO production as an adaptive 
response to vascular dysfunction. Over time, sustained 
oxidative stress overwhelms this compensatory mechanism, 
contributing to progressive endothelial damage.6 

Although much of the existing literature describes reduced 
endothelial NO bioavailability in type 2 DM as a consequence 
of oxidative stress, it is important to note that the serum NO 
measurements in the present study were obtained using the 
Griess assay, which quantifies total NOx—the stable end-
products of nitric oxide metabolism—rather than direct 
endothelial NO activity.13 

Accordingly, the elevated NOx concentrations observed in 
microalbuminuric subjects likely reflect a compensatory or 
systemic increase in nitric oxide production rather than 
improved endothelial function. Several mechanisms may 
account for this paradoxical elevation: (i) induction of 
inducible nitric oxide synthase (iNOS) in inflammatory and 
renal tissues under chronic hyperglycaemia, resulting in 
increased systemic NOx despite diminished eNOS activity; (ii) 
altered renal handling of nitrate and nitrite with reduced 
clearance in early nephropathy; and (iii) accelerated oxidative 
turnover of NO, which elevates NOx levels while 
simultaneously impairing the availability of bioactive NO. 
Similar patterns of increased NOx concentrations have been 
reported in earlier studies involving diabetic subjects with 
Microalbuminuria or hyperfiltration states. 
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Therefore, the present findings do not contradict the 
established concept of endothelial dysfunction in type 2 DM. 
Rather, they suggest that in microalbuminuric patients, 
systemic NOx accumulation may represent an early 
compensatory response or altered metabolic handling of nitric 
oxide. These observations are consistent with previously 
published reports demonstrating elevated serum NOx levels in 
diabetic subgroups with Microalbuminuria or inflammatory 
activation.14 

Furthermore, Spearman’s rank correlation analysis 
demonstrated a statistically significant positive association 
between plasma HbA1c and serum NO levels in the overall 
study population, indicating that worsening glycaemic control 
is accompanied by increased circulating nitric oxide 
metabolites. This association underscores the close interplay 
between glycaemic burden, oxidative stress, and endothelial 
dysfunction, particularly in the early stages of diabetic 
nephropathy as reflected by Microalbuminuria.12 

Collectively, the findings of the present study emphasize 
the importance of early detection of metabolic and endothelial 
abnormalities and the implementation of stringent glycaemic 
control strategies in young adults with type 2 DM, with the aim 
of mitigating endothelial dysfunction and delaying the 
progression of microvascular complications. 

Conclusion: The present study demonstrates that patients 
with type 2 DM and Microalbuminuria exhibit higher median 
serum nitric oxide and HbA1c levels compared with 
normoalbuminuric subjects, particularly in younger age groups. 
A statistically significant positive association between HbA1c 
and serum nitric oxide levels was observed using Spearman’s 
rank correlation, indicating that worsening glycaemic control is 
accompanied by increased circulating nitric oxide metabolites. 

These findings suggest that early diabetic nephropathy is 
characterized by metabolic dysregulation and altered nitric 
oxide dynamics, likely reflecting a compensatory or systemic 
response to oxidative stress rather than preserved endothelial 
function. The results underscore the importance of early 
identification of Microalbuminuria and stringent glycaemic 
control, especially in younger individuals with type 2 DM, to 
mitigate endothelial dysfunction and delay the progression of 
microvascular complications. 
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