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Abstract

Diabetic nephropathy (DN) is one of the leading causes of chronic kidney disease and end-stage renal failure in patients
with Type 2 Diabetes Mellitus (T2DM). This study evaluated the relationship between fasting serum cortisol levels and
the severity of nephropathy and glycemic control in T2DM patients. A cross-sectional observational study was
conducted over 18 months at a tertiary care center in Northern India. Among 500 screened patients, 100 individuals
with T2DM and nephropathy (urinary albumin-creatinine ratio [UACR] 230 mg/g) were enrolled. Early morning fasting
serum cortisol levels were measured using chemiluminescence immunoassay. Statistical analysis was performed using
SPSS version 26. The mean age of participants was 60.7+11.25 years and 93% had diabetes for more than five years.
Serum cortisol levels were significantly higher in patients with poor glycemic control (HbAlc >10%) compared with
those having HbAlc 6.5-8% (24.05£3.43 vs. 22.46+2.12 pg/dL; p=0.019). Patients with macroalbuminuria showed
significantly higher cortisol levels than those with microalbuminuria (24.45+3.02 vs. 21.47+1.84 pg/dL; p=0.001).
Cortisol demonstrated positive correlations with UACR (r=0.425), diabetes duration (r=0.412) and HbAlc (r=0.385)
(all p<0.001). Higher cortisol levels were also associated with diabetic retinopathy and neuropathy. Elevated serum
cortisol levels are associated with poor glycemic control, increasing albuminuria and microvascular complications in
T2DM. Serum cortisol may serve as a useful biomarker for identifying patients at risk of progressive diabetic
nephropathy.
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Introduction
Type 2 Diabetes Mellitus (T2DM) is one of the most activation of multiple biochemical pathways,
significant global public health challenges, ultimately leading to progressive vascular damage

accounting for more than 90% of all diabetes cases
worldwide (1). The prevalence of T2DM continues
because of population ageing,
urbanization, obesity, sedentary lifestyles and
unhealthy dietary habits. According to the
International Diabetes Federation, more than 537
million adults were living with diabetes in 2021

to increase

and this number is expected to increase to
approximately 783 million by 2045, with the
greatest burden occurring in low- and middle-
income countries (2, 3). India is among the
countries most affected by T2DM and experiences
a substantial burden of diabetes-related
complications that contribute significantly to
morbidity, mortality and healthcare expenditure.
Persistent hyperglycaemia initiates a cascade of
metabolic disturbances, including oxidative stress,

chronic inflammation, endothelial dysfunction and

involving several organ systems (2-4). Diabetic
nephropathy (DN) is one of the most common and
debilitating microvascular complications of T2DM
and remains the leading cause of chronic kidney
disease (CKD) and end-stage kidney disease
worldwide. Approximately 30-40% of patients
with T2DM develop diabetic kidney disease during
the course of their illness, making it a major
contributor to cardiovascular morbidity, renal
replacement therapy and premature mortality (5,
6). The pathological process involves glomerular
hyperfiltration, mesangial expansion, thickening of
the glomerular basement membrane, podocyte
injury, progressive albuminuria and declining

filtration rate (7).
changes
appearance of overt clinical manifestations, early
identification of patients at risk remains essential.

glomerular Since these

structural often occur before the
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Although urinary albumin-to-creatinine ratio
(UACR) and estimated glomerular filtration rate
(eGFR) are routinely used for diagnosis and
monitoring, these parameters may be influenced
by transient physiological and pathological factors
and may not completely reflect ongoing renal
injury (2, 3). Consequently, there is increasing
interest in identifying complementary biomarkers
that may improve early detection and risk
stratification (5, 7).

Growing evidence indicates that dysregulation of
the hypothalamic-pituitary-adrenal (HPA) axis
may contribute to the pathogenesis of diabetic
complications. Cortisol, the principal glucocorti-
coid hormone, plays a central role in glucose
homeostasis, lipid metabolism, immune regula-
tion and the physiological response to stress.
Chronic activation of the HPA axis results in
sustained of circulating cortisol,
promoting hepatic gluconeogenesis, insulin
resistance, impaired pancreatic B-cell function,
oxidative stress, endothelial dysfunction and
activation of the renin-angiotensin-aldosterone
system, all of which may accelerate renal injury and
fibrosis. These biological mechanisms support the
hypothesis that serum cortisol may serve as a
biomarker reflecting both metabolic
dysregulation and the progression of diabetic
nephropathy (8, 9).

Several clinical studies have demonstrated an

elevations

useful

association between elevated serum cortisol
and diabetic
Previous investigations have reported significant

concentrations complications.
associations between increased cortisol levels and
microalbuminuria, greater severity of albuminuria,
poor glycaemic control, prolonged duration of
diabetes, diabetic retinopathy, peripheral neuropa-
thy and impaired glucose metabolism. Collectively,
these findings suggest that chronic hypercorti-
solaemia  may progressive
microvascular damage and could serve as a marker
of cumulative metabolic stress in patients with
T2DM (10, 11).

Despite these observations, important gaps remain

contribute to

in the existing literature. Most previous studies
evaluated serum cortisol in relation to isolated
clinical outcomes such as glycaemic control or
diabetic
comprehensively assessing its relationship with

individual complications  without
nephropathy severity and other microvascular

manifestations. Differences in study populations,
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cortisol assay methods, sampling protocols and
inclusion criteria have also contributed to
variability among published findings. Further-
more, relatively few studies have simultaneously

examined fasting morning serum cortisol,
albuminuria severity, duration of diabetes,
glycaemic status and associated diabetic

complications within a single clinical cohort.
Consequently, the role of serum cortisol in routine
clinical risk stratification for diabetic nephropathy
has not yet been clearly established (10, 12, 13).
Evidence from the Indian population remains
limited despite the country's high burden of T2DM
and diabetic kidney disease (3, 4). Regional
differences in genetic susceptibility, environmental
dietary habits and healthcare
accessibility may influence both
physiology and disease progression. Therefore,
additional evidence from Indian patients is
required to determine whether fasting early
morning serum cortisol may provide clinically
useful information beyond conventional renal
biomarkers.

Accordingly, the present study was undertaken to
evaluate the association between fasting early
morning serum cortisol levels and the severity of
diabetic nephropathy in patients with Type 2
Diabetes Mellitus. The specific objectives were to
compare serum cortisol concentrations between
patients with microalbuminuria and macroalbu-
minuria, assess their relationship with glycaemic

exposures,
cortisol

control and duration of diabetes and determine
their association with diabetic retinopathy and
peripheral neuropathy. The novelty of this study
lies in the simultaneous evaluation of serum
cortisol, nephropathy severity, glycaemic status
and diabetic microvascular complications within a
single Indian tertiary-care cohort, thereby
providing clinically relevant evidence regarding
the potential role of serum cortisol as an adjunctive
biomarker for early risk stratification in diabetic

nephropathy.

Methodology

Study Design and Setting

A hospital-based, cross-sectional observational
study was conducted in the Department of
Medicine, Sri Guru Ram Das Institute of Medical
Sciences and Research, Amritsar, Punjab, India,
over an 18-month period from July 2024 to
December 2025. The study aimed to evaluate the
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association between fasting early morning serum
cortisol levels, glycaemic control and the severity
of diabetic nephropathy among patients with Type
2 Diabetes Mellitus (T2DM).

Study Population and Participant

Selection

Adult patients (=18 years) with a confirmed
diagnosis of T2DM attending the outpatient and
inpatient services of the Department of Medicine
during the study period were screened using a
consecutive sampling technique. A total of 500
patients were assessed for eligibility. Patients with
diabetic nephropathy, defined by a urinary
albumin-to-creatinine ratio (UACR) of 230 mg/g,
were considered for enrolment.

Patients were excluded if they had Cushing's
disease or Cushing's syndrome, were receiving
systemic corticosteroid therapy, had undergone
chemotherapy, radiotherapy, or immunosuppres-
sive treatment within the preceding three months,
or had a known history of malignancy. Following
application of the eligibility criteria, 100
participants were enrolled and included in the final
analysis.

Diagnostic Criteria and Clinical

Assessment

The diagnosis of T2DM was established according
to the American Diabetes Association (ADA)
diagnostic criteria, including glycated haemoglobin
(HbAlc) =26.5%, fasting plasma glucose 2126
mg/dL, or random plasma glucose 2200 mg/dL in
the presence of classical symptoms of hypergly-
caemia.

Diabetic nephropathy was diagnosed using the
urinary albumin-to-creatinine ratio obtained from
an overnight urine sample. Participants with UACR
values between 30 and 300 mg/g were classified as
having microalbuminuria, whereas those with
UACR >300 mg/g were categorized as having
macroalbuminuria.

A detailed clinical evaluation was performed for all
participants. Demographic characteristics, dura-
tion of diabetes, treatment history, hypertension
status and the presence of diabetic microvascular
complications,
peripheral neuropathy, were documented. Physical
examination included measurement of blood
pressure and assessment for clinical features
suggestive of renal
peripheral oedema and fluid overload.

including  retinopathy  and

involvement, including
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Laboratory Investigations

Following an overnight fast of 8-10 hours,
peripheral venous blood samples were collected
between 08:00 and 09:00 hours to minimize the
influence of physiological diurnal variation in
serum cortisol secretion. Blood samples for serum
cortisol estimation were collected in plain yellow-
top vacutainer tubes, while EDTA vacutainers were
used for HbA1c analysis.

Fasting serum cortisol concentrations were
measured using a chemiluminescence immuno-
assay (CLIA), following the manufacturer's
recommended protocol. The laboratory reference
range for fasting morning serum cortisol was 3.7-
19.4 pg/dL.

Renal function was assessed using urinary
albumin-to-creatinine ratio (UACR), serum
creatinine, blood urea and estimated glomerular
filtration rate (eGFR). Glycaemic status was
evaluated using glycated haemoglobin (HbA1c).
Variables

The primary outcome variable was fasting early
morning serum cortisol concentration.
Independent variables included glycaemic control
(HbAlc), urinary albumin-to-creatinine ratio,
of diabetes, diabetic retinopathy,
peripheral neuropathy, serum creatinine, blood
urea and estimated glomerular filtration rate.
Bias Reduction

To minimize potential measurement bias, all blood
samples were collected under standardized fasting
conditions during the same morning time period.
Laboratory investigations were performed using

duration

standardized protocols in the institutional central
laboratory. Uniform inclusion and exclusion
criteria were applied to all participants to reduce
selection bias and potential confounding.

Study Size

The study included all eligible patients fulfilling the
predefined inclusion and exclusion criteria during
the study period. Of the 500 patients screened
consecutively, 100 participants satisfied the
eligibility criteria and were included in the final
analysis.

Statistical Analysis

Statistical analysis was performed using Statistical
Package for the Social Sciences (SPSS) version 26.0
(IBM Corp., Armonk, NY, USA). Continuous
variables were expressed as mean #* standard
deviation (SD), whereas categorical variables were
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presented as frequencies and percentages.
Comparisons between two groups were performed
using the independent Student's t-test. Differences
among more than two groups were analysed using
one-way analysis of (ANOVA).
Associations between categorical variables were
evaluated using the Chi-square test. All statistical

tests were two-tailed and a p-value <0.05 was

variance

considered statistically significant.

Results
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Ethical Considerations

The study protocol was reviewed and approved by
the Institutional Ethics Committee of Sri Guru Ram
Das Institute of Medical Sciences and Research
(Approval No. SGRD/IEC/2024-366). Written
informed consent was obtained from all
participants before enrolment after explaining the
study objectives in their preferred language.
Participant confidentiality and data privacy were
maintained throughout the study in accordance
with institutional ethical standards and the
principles of the Declaration of Helsinki.

Assessed for Eligibility

500 Patients with Type 2 Diabetes Mellitus

v

Eligibility Assessment
Inclusion and Exclusion Criteria Applied

400 Excluded

a) No diabetic nephropathy

b;
<)

Steroid therapy (oral / inhaled / injectable)

Cushing’s syndrome

a) Fasting blood sample l
b) Glycated hemoglobin (HbA1lc)
c) Fasting serum cortisol (8:00 AM)

e) Blood urea

———————————————————— - d) Malignancy
v e) Acute infection or inflammatory conditions
. f) Pregnancy
[ L 1) 100 Patients Included N
P3N ; ) g) Chronic liver disease
(c 3 (Final Study Population) 1) Endosrine disarders
l i) Other exclusion criteria
-
Clinical Assessment
a) Detailed history
b) Physical examination
c) Blood pressure measurement
d) Anthropometric measurements (BMI, waist circumference)
& Laboratory Evaluation

f) Estimated glomerular filtration rate (eGFR)
g) Urinary albumin-to-creatinine ratio (UACR)
h) Lipid profile

i) Other routine investigations

d) Serum creatinine

Grouping Based on Albuminuria (UACR)

Microalbuminuria
(30—300 mg/g)

€d €

Macroalbuminuria

(>300 mg/g)
n =60

n =40

Statistical Analysis
a) Descriptive statistics
(Mean * SD, Frequency, %) i

b) Independent t-test / ANOVA I f
|

d) Pearson / Spearman correlation
e) Multivariate linear regression analysis

Statistical significance set at p < 0.05

c) Chi-square test / Fisher's exact test

&
&

Glycemic control
(HbA1c)

Severity of diabetic
nephropathy (UACR)

¢

Outcome Assessment
To evaluate the association of serum cortisol with:

Diabetic
retinopathy

Duration of
diabetes

1 O

Peripheral
W% neuropathy

Figure 1: Schematic Representation of the Study Design and Methodological Workflow

Figure 1 illustrates the overall study methodology,

including  participant screening, eligibility

assessment, application of inclusion and exclusion

criteria, enrolment of the final study population,
clinical and laboratory evaluations, classification
based on albuminuria severity, statistical analyses
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performed and assessment of the association
between fasting serum cortisol and diabetic
nephropathy-related clinical outcomes.

The study cohort in Table 1 represents a high-risk
population characterized by advanced age and
established metabolic syndrome, with 85% of
participants aged 51 years or older and a nearly
equal gender distribution. Clinical chronicity is
evident, as 93% of the patients have a disease
duration exceeding five years, significantly predis-
posing them to microvascular injury. The metabolic
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burden is further underscored by a 90%
prevalence of central obesity and a 65% incidence
of advanced hypertension (Stages 1 and 2), which
likely act as synergistic drivers for renal decline.
Furthermore, the high frequency of cutaneous
markers such as Acanthosis Nigricans (67%) and
skin tags (46%) serves as a visible surrogate for
profound insulin resistance, providing a robust
clinical context for the investigation of systemic

cortisol as a biomarker of chronic metabolic stress.

Table 1: Baseline Demographic and Clinical Profile of the Study Population (n=100)

Variable Category Frequency (n) Percentage (%)
<40 5 5.0
41-50 10 10.0
Age Group (Years) 51-60 34 34.0
61-70 25 25.0
>70 26 26.0
Gender Female 51 51.0
Male 49 49.0
<5 Years 7 7.0
Diabetes Duration 5-10 Years 50 50.0
> 10 Years 43 43.0
Normal (<120/80) 15 15.0
) Pre-hypertension 20 20.0
Hypertension (AHA) Stage 1 39 390
Stage 2 26 26.0
) ) , Normal 10 10.0
Waist-Hip Ratio Abnormal 90 90.0
Acanthosis Nigricans 67 67.0
Cutaneous Markers Skin Tags 46 46.0

The biochemical profile reveals in Table 2 with
severe metabolic dysregulation and established
renal impairment. Glycemic control is notably poor,
with 81% of patients exceeding an HbA1c of 8.0%,
including a majority (52%) with
hyperglycemia (>10%). This is mirrored by
advanced nephropathy, where 60% of the
participants have progressed to macroalbuminuria
and 55% demonstrate a decline in glomerular

extreme

health (eGFR <90 ml/min/1.73m?). The systemic
impact of this metabolic stress is underscored by a
near-universal elevation in serum cortisol levels
(96%), alongside significant increases in serum
creatinine (63%) and blood urea nitrogen (70%).
Collectively, these markers indicate that the study
population is characterized by a high burden of
uncontrolled diabetes and significant secondary
renal deterioration.

Table 2: Biochemical Parameters and Renal Function Metrics

Biochemical Marker

Category/Range

6.5%-8.0%
Glycemic Control (HbAlc)
>10%

Renal Function (UACR)

Glomerular Health (eGFR)

>8.0%-10.0%

Microalbuminuria (30-300 mg/g)
Macroalbuminuria (> 300 mg/g)
>90 ml/min/1.73m?
60-89 ml/min/1.73m?
45-59 ml/min/1.73m?

Frequency (n) Percentage (%)
19 19.0
29 29.0
52 52.0
40 40.0
60 60.0
45 45.0
31 31.0
20 20.0

5
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<45 ml/min/1.73m? 4 4.0
, Normal (3.7-19.4 ug/dL) 4 4.0

S Cortisol
erumLortso Elevated (>19.4 pg/dL) 96 96.0
Other Renal Markers Elevated Creatinine (>1.02 mg/dL) 63 63.0
Elevated BUN (>17 mg/dL) 70 70.0

The inferential analysis in Table 3 demonstrates
that serum cortisol serves as a sensitive indicator
of disease progression and metabolic instability in
Type 2 Diabetes Mellitus. Statistically significant
elevations in cortisol were observed as HbAlc
exceeded 10% (p=0.019) and as the duration of
diabetes surpassed 10 years (p=0.002),
underscoring the impact of chronic glycemic stress
on HPA-axis activity. Furthermore, cortisol levels

were markedly higher in patients with advanced
complications, specifically showing a robust
association with macroalbuminuria (p=0.001) and
the presence of neuropathy (p=0.001) and
retinopathy (p=0.005). These findings confirm that
hypercortisolemia is not merely a byproduct of
hyperglycemia but is inextricably linked to the
severity of microvascular damage and end-organ
renal impairment.

Table 3: Inferential Analysis - factors Associated with Serum Cortisol Levels

Independent Variable Sub-category Mean Cortisol (#SD) Statistical Test p-value
6.5%-8.0% 22.46+2.12
HbA1c Levels 8.0%-10.0% 22.34+2.20 F=4.116 0.019
>10% 24.05+3.43
< 5 Years 20.80+1.66
Duration of T2DM 5-10 Years 22.71+2.14 F=6.380 0.002
> 10 Years 24.29+3.59
Microalbuminuria 21.47+1.84
ACR i =34 .001
UACR Severity Macroalbuminuria 24.45+3.02 t=340 0.00
. Present 24.05+2.98
Retinopathy Absent 92394278 t=2.87 0.005
Present 24.29+2.27
N th t=5.89 0.001
europathy Absent 20.86+2.91
The correlation analysis in Table 4 reveals a rise  proportionately. Furthermore, cortisol

statistically significant positive relationship
between early morning serum cortisol and all
primary markers of metabolic and renal distress.
The strongest association was observed with the
Urinary Albumin-Creatinine Ratio (r = 0.425,
p<0.001) and Duration of Diabetes (r=0.412,
p<0.001), indicating that as renal injury progresses
and disease chronicity increases, cortisol levels

exhibited a robust link with glycemic instability
(HbAlc: r = 0.385, p<0.001) and a significant,
though more moderate, correlation with Blood
Urea Nitrogen (r=0.200, p=0.046). Collectively,
these results suggest that hypercortisolemia is
inextricably linked to the severity of diabetic
nephropathy and may serve as a systemic indicator
of advanced microvascular damage.

Table 4: Correlation Matrix of Serum Cortisol with Metabolic and Renal Variables

Variable Correlation Coefficient (r) p-value
UACR (> 30 mg/g) 0.425 <0.001
Duration of Diabetes 0.412 <0.001
HbAlc (> 6.5%) 0.385 <0.001
Blood Urea Nitrogen 0.200 0.046
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Discussion

Cortisol, one of the most important human
glucocorticoids, is a powerful modulator of
physiological systems, including the central
nervous system. When initially discovered in the
1950s, it was applied to rheumatic patients with
remarkable results (14). Subsequent experiments
expanded the scope and validated powerful effects
in anti-inflammation, anti-allergy and anti-shock.
Our observation that cortisol levels were
significantly higher in patients with macroalbu-
minuria than in those with microalbuminuria
(24.45+3.02 vs. 21.47+1.84 pg/dL, p=0.001) is
consistent with previous reporting
significantly higher morning and afternoon
cortisol levels in patients with microalbuminuria
compared with normoalbuminuric controls (11).
Furthermore, a dose-response relationship has
been demonstrated between cortisol levels and the
severity of albuminuria, with higher cortisol
concentrations being positively associated with
increasing albuminuria and conferring a 3.39-fold
and 8.40-fold higher risk of microalbuminuria and
macroalbuminuria, respectively, in the highest
cortisol quartile (10).

The biological plausibility of these findings is
supported by the multifactorial effects of cortisol
on renal physiology. Persistent hypercortisolemia
promotes insulin resistance, oxidative stress,

studies

endothelial dysfunction and activation of the
renin-angiotensin-aldosterone
which contribute to glomerular hyperfiltration,
podocyte injury and progressive disruption of the
glomerular filtration barrier. These pathophysio-

system, all of

logical alterations facilitate urinary albumin
leakage and accelerate the transition from early to
diabetic nephropathy. Therefore,
elevated serum cortisol may represent not only a
marker of physiological stress but also an active
participant in the progression of diabetic kidney
disease (15).

The positive correlation observed between cortisol
and HbAlc (r=0.385) is consistent with previous
findings demonstrating that higher serum cortisol
is associated with lower Time in Range (TIR) and
is negatively correlated with pancreatic function
HOMA-B and the
insulinogenic index (12). This metabolic dysregu-
lation is further supported by evidence showing
that increased cortisol levels are associated with

advanced

indicators,  including

higher fasting plasma glucose and HbAlc in
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patients with diabetes. Additionally, higher cortisol
quartiles have been associated with a 1.26-fold
increase in the odds of prevalent Type 2 Diabetes,
reinforcing the role of cortisol in the development
and progression of metabolic syndrome (16).

Cortisol-induced impairment of glucose metabo-
lism provides a plausible explanation for this
association. Sustained elevations in cortisol
hepatic gluconeogenesis, suppress
peripheral glucose uptake and reduce pancreatic
B-cell function, thereby aggravating chronic
Persistent

stimulate

hyperglycaemia.
hyperglycaemia subsequently enhances oxidative
stress, advanced glycation end-product formation
and low-grade inflammation, creating a vicious
cycle that further worsens metabolic control and
promotes diabetic microvascular injury (10).

Our study identified significantly elevated cortisol
levels in patients with retinopathy (24.05+2.98
pg/dL) and neuropathy (24.29+2.27 ug/dL), which
is consistent with previous studies reporting an
increased risk of both non-proliferative and
proliferative diabetic retinopathy among patients
with elevated cortisol levels (10). Furthermore, a
significant association between the total number of
diabetic complications, mean 24-hour cortisol
levels and diabetes duration has been reported
previously, supporting our finding that cortisol

exposure to

levels increase with longer disease duration and
may reflect the cumulative physiological stress
associated with long-standing diabetes (17).

The association between elevated cortisol and
diabetic microvascular complications observed in
the present study further suggests that HPA-axis
dysregulation may reflect the cumulative burden of
chronic metabolic stress rather than isolated
in glucose homeostasis.
diabetic retinopathy, neuropathy and nephropathy
share common pathogenic mechanisms involving

disturbances Since

endothelial dysfunction, chronic inflammation and

microvascular ischemia, cortisol
concentrations may serve as an integrated
indicator of widespread microvascular damage
across multiple organ systems (18).

Collectively, these studies validate our results by

increasing

demonstrating  that  hypercortisolemia is
inextricably linked to poor glycemic control,
prolonged disease duration and the progression of
microvascular complications. The evidence

provided by different researchers confirms that
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even cortisol levels within the upper-normal range
can be predictive of renal deterioration, supporting
our conclusion that serum cortisol is a valuable
biomarker for risk stratification in diabetic
nephropathy (11, 12, 17).

An important observation in the present study is
that serum cortisol demonstrated significant
associations with several independent indicators
of disease severity, including albuminuria,
duration of diabetes, glycaemic status, retinopathy
and neuropathy. Unlike
biomarkers that primarily reflect established
kidney injury, cortisol may provide additional
information regarding the systemic neuroendo-
crine response accompanying chronic metabolic
stress. Consequently, assessment of fasting
morning serum cortisol could complement routine
biochemical investigations and assist clinicians in
identifying patients who may benefit from
intensified surveillance and early therapeutic
intervention (10).

The majority of studies found no statistically
significant difference in early morning blood
cortisol between CKD patients and healthy
controls (19-21).

However, a significant subset of studies reported a
negative correlation between eGFR and morning
cortisol, meaning cortisol levels rose as kidney
function declined (22-25). High morning cortisol
was more frequently observed when CKD co-
existed with other stressors like heart failure or
hypertension (13, 24, 25). Although cortisol
measurement is not currently incorporated into
routine diabetic nephropathy assessment, the
present findings suggest that it may have potential
value as an adjunctive biomarker when interpreted
alongside HbA1c, UACR and eGFR. Because serum
cortisol estimation is widely available and

conventional renal

relatively inexpensive
laboratories, its incorporation into future risk-
prediction models deserves further investigation.
Longitudinal studies are warranted to determine
whether persistent elevations in cortisol precede

in most tertiary-care

deterioration in renal function or simply reflect
established disease severity. Ultimately, our
findings suggest that the HPA axis may serve as a
crucial mediator in the vicious cycle of metabolic
and renal decline. Rather than viewing cortisol
solely as a stress-response hormone, clinical
practice should begin to recognize its potential as a
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predictive biomarker for microvascular

vulnerability in Type 2 Diabetes.

Conclusion

The present study demonstrates that elevated
fasting early morning serum cortisol levels are
significantly associated with poor glycaemic
control and greater severity of diabetic
nephropathy in patients with Type 2 Diabetes
Mellitus. Higher cortisol concentrations were
observed in patients with macroalbuminuria,
prolonged duration of diabetes, diabetic
retinopathy and peripheral neuropathy, suggesting
that activation of the hypothalamic-pituitary-
adrenal axis is closely linked with progressive
metabolic  dysfunction and  microvascular
complications. Furthermore, the significant
positive correlations between serum cortisol,
urinary albumin-to-creatinine ratio, glycated
haemoglobin and duration of diabetes indicate that
serum cortisol may serve as a useful adjunctive
biomarker for identifying patients at increased risk
of renal disease progression.

The findings of this study support the potential
clinical utility of fasting morning serum cortisol as
an additional marker for risk assessment when
interpreted alongside established indicators such
as urinary albumin excretion and renal function
parameters. Early identification of patients with
increased cortisol levels may facilitate closer
monitoring, individualized management strategies
and timely interventions aimed at slowing the
progression of diabetic kidney disease and
reducing the burden of long-term complications.
Nevertheless, these findings should be interpreted
in light of certain limitations. The cross-sectional
design does not permit causal inference between
elevated cortisol levels and the development or
progression of diabetic nephropathy. In addition,
the study was conducted at a single tertiary care
centre with a relatively small sample size, which
may limit the generalizability of the findings to
populations with different ethnic, socioeconomic
and healthcare backgrounds. Serum cortisol was
measured only once in the early morning and
therefore diurnal variations in cortisol secretion
were not assessed. Moreover, although stringent
eligibility criteria were applied, the influence of
residual confounding factors such as psychological
stress, sleep disturbances, lifestyle factors and
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other endocrine variables cannot be completely
excluded.

Future multicentre prospective studies involving
larger and more diverse populations are needed to
validate these findings and determine whether
serial assessment of serum cortisol improves
prediction of diabetic nephropathy beyond
conventional renal biomarkers. Overall, the
present study provides evidence that fasting early
morning serum cortisol is associated with the
severity of diabetic nephropathy and supports its
potential role as a complementary biomarker for
risk stratification in patients with Type 2 Diabetes
Mellitus.
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