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Abstract

General Background: Type 2 diabetes mellitus (T2DM) is an age-related metabolic disorder
characterizedbyprogressivemetabolicdeterioration.SpecificBackground: Orexin-Aandcathepsin-
D have been implicated in hypothalamic regulation and cellular quality control, yet their age-related
alterations in T2DM remain insufficiently characterized. Knowledge Gap: The interplay between
aging, hypothalamic dysfunction, and cellular stress markers in relation to insulin resistance has not
been comprehensively explored. Aims: This study investigated age-associated changes in orexin-A
and cathepsin-D and their correlations with insulin resistance in T2DM patients. Results: A cross-
sectional analysis of 110 T2DM patients and 70 controls revealed a significant age-related decline in
orexin-Alevels (69% reduction, p=0.001) and an increase in cathepsin-D levels (p=0.005). Orexin-A
showed a negative correlation with insulin resistance (r = -0.26, p = 0.005), whereas age and
cathepsin-D were positively correlated with HOMA-IR. Traditional metabolic markers, including
HbA1lc, triglycerides, and LDL, worsened with age. Regression analysis identified age, BMI, and
cathepsin-D as positive predictors, while orexin-A was a negative predictor of insulin resistance.
Novelty: This study identifies a previously unreported relationship between declining orexin-A and
increasing cathepsin-D levels as age progresses in T2DM. Implications: These findings highlight the
relevance of age-specific metabolic pathways and suggest the need for tailored therapeutic
approaches in older diabetic populations.

Highlights:

e Progressive reduction of orexin-A observed across advancing age groups
e Increasing cathepsin-D levels linked to worsening metabolic profiles

e Age and biomarker patterns associated with higher insulin resistance

Keywords: Type 2 Diabetes Mellitus, Aging, Orexin-A, Cathepsin-D, Insulin Resistance
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Introduction

Type 2 diabetes mellitus (T2DM) is among the most prevalent age-related metabolic disorders, with its prevalence rising
exponentially after the fifth decade of life [1], [2]. Although the association between aging and increased diabetes risk is well
established, the molecular mechanisms underlying age-related metabolic decline remain incompletely defined [3]. Emerging
evidence indicates that aging disrupts multiple interconnected pathways, including hypothalamic regulation and cellular
quality-control mechanisms [4], [5].

The hypothalamic neuropeptide orexin-A plays a crucial role in energy homeostasis, glucose metabolism, and the
maintenance of insulin sensitivity [6]. Orexin neurons within the lateral hypothalamus project extensively throughout the
brain and control food intake, energy expenditure, and glucose balance via the autonomic nervous system [7]. Age-related
reductions in orexin-producing neurons have been linked to metabolic dysfunction; however, their specific contribution to
the progression of diabetes remains poorly characterized [8].

Cathepsin-D, a lysosomal aspartyl protease, has emerged as a key marker of cellular stress and impaired protein
degradation in metabolic disorders [9]. Under physiological conditions, cathepsin-D supports cellular homeostasis by
degrading misfolded proteins and damaged organelles through autophagy [10]. In the diabetic state, however, chronic
hyperglycemia and oxidative stress promote lysosomal dysfunction and aberrant cathepsin-D activity, which can exacerbate
cellular injury and insulin resistance [11], [12].

Despite these insights, the interplay among aging, hypothalamic dysfunction, and cellular stress responses in T2DM has not
been comprehensively explored. Elucidating these age-related alterations is critical for developing targeted interventions for
the growing population of elderly individuals with diabetes. The present study therefore investigated age-associated
patterns of orexin-A and cathepsin-D, alongside conventional metabolic parameters, to determine their relationships with
insulin resistance in a well-characterized cohort from Basrah, Iraq.

Materials and Methods

This cross-sectional study was carried out between February and September 2023 at the Faiha Specialized Diabetes,
Endocrine and Metabolism Center (FDEMC), Basrah, Iraq (ethical approval: 2906). A total of 110 patients with T2DM and 70
healthy controls (32 to 70) participated in the study. Patients were separated into four age categories: <40 (n = 23), 40-49.9
(n =36), 50-59.9 (n = 24) and 60 and above (n = 27).

Five milliliters of fasting blood were put ready to be examined. Orexin-A and cathepsin-D, HbA1lc, insulin/C-peptide, and
glucose/lipids were measured using ELISA (MyBioSource), HPLC (VARIANT 2 TURBO), and electrochemiluminescence
(COBAS e411) and enzymatic, respectively. The HOMA-IR formula was (insulin 405/glucose). The statistical analysis with the
use of SPSS v25 relied on Spearman correlation (p<0.05) and non-parametric tests.

Study Design and Participants

A cross-sectional study was conducted at the FDEMC, Basrah, Iraq, from February to September 2023 (ethical approval No.
2906). The study enrolled 110 patients with type 2 diabetes mellitus (T2DM) and 70 age-matched healthy controls, aged 32-
70 years. Patients were stratified into four age groups: <40 years (n = 23), 40-49.9 years (n = 36), 50-59.9 years (n = 24),
and 260 years (n = 27).

Sample Collection and Laboratory Analyses

Fasting venous blood samples (5 mL) were collected and processed for biochemical analysis. Plasma orexin-A and cathepsin-
D concentrations were determined using commercially available enzyme-linked immunosorbent assay (ELISA) Kkits
(MyBioSource, USA). Glycated hemoglobin (HbAlc) was measured by high-performance liquid chromatography (HPLC)
using the VARIANT™ 2 TURBO system (Bio-Rad, USA). Serum insulin and C-peptide levels were quantified by
electrochemiluminescence immunoassay on a COBAS e411 analyzer (Roche Diagnostics, Germany). Fasting plasma glucose
and lipid profiles were assessed by enzymatic colorimetric methods using the COBAS INTEGRA 400 analyzer (Roche
Diagnostics, Germany).

Indices of Insulin Resistance
Insulin resistance was estimated using the homeostasis model assessment of insulin resistance (HOMA-IR), calculated as:

HOMA-IR=fasting insulin (uIU/mL)xfasting glucose (mg/dL)/405.
Statistical Analysis

Data were analyzed using SPSS version 25 (IBM Corp. Armonk, NY, USA). Normality was assessed with the Kolmogorov-
Smirnov test. Non-normally distributed data are presented as median (minimum-maximum). Group comparisons were
performed using the Mann-Whitney U test for two groups and the Kruskal-Wallis test for multiple groups. Correlations were
evaluated using Spearman’s rank correlation coefficient. Multiple regression analysis was conducted to

identify independent predictors of insulin resistance. A p-value < 0.05 was considered statistically significant.
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Results
Baseline Characteristics

The patient group comprised 68 males (61.8%) and 42 females (38.2%), with a comparable distribution among the controls
(65.7% males and 34.3% females). There were no significant differences in age or sex distribution between patients and
controls (p > 0.05).

Age-Related Changes in Orexin-A

A progressive, age-related decline in orexin-A levels was observed (Table 1). In patients aged <40 years, the median orexin-
A concentration was 177 pg/mL (range: 60-289), decreasing to 100 pg/mL (77-160) in the 40-49.9 year group, 77 pg/mL
(53-100) in the 50-59.9 year group, and reaching a nadir of 54 pg/mL (13-93) in those aged 260 years (p = 0.001). This
pattern corresponds to an overall 69% reduction across the age groups.

Age-Related Changes in Cathepsin-D

Cathepsin-D levels showed a significant age-related increase (Table 1). Concentrations rose from a median of 16 pg/mL
(range: 4-36) in patients aged <40 years to 20.5 pg/mL (5-36) in the 40-49.9 year group, 25.5 pg/mL (7-38) in the 50-59.9
year group, and 29 pg/mL (5-38) in those aged =60 years (p = 0.005), representing an overall 81% increase across the age

groups.

Table 1: Age-Related Changes in Biomarkers in T2DM Patients

Age Orexin-A Cathepsin-D Insulin C-peptide
HOMA-IR

Group | " (pg/ml) | (pg/ml) (MU/ml) | (ng/ml)

177 (60- 15.6 (3.1-
<40years | 23 280) 16 (4-36) 41.6) 3.6 (1.2-6.6) 3.8 (0.7-10.2)
40-49.9 100  (77- af)* 23.2 (3.1 } ;
years 36 160)* 20.5 (5-36) 66.2) 4.1 (1.2-8.6) 5.7 (0.7-16.3)
50-59.9 77 (53- : 24.9 (9.6 ) )
years 24 100)** 25.5 (7-38)** 41.7) 4.8 (1.9-8.6)* | 6.1(2.4-10.3)*

13- 24.2 (10.2-

>60 years | 27 gg)*** a3 29 (5-38)*** 5;4)'2) ( 4.3 (2.5-8.6)* | 5.9 (2.5-12.3)**
p-value 0.001 0.005 0.076 0.024 0.001

Data presented as median (min-max). *p<0.05, **p<0.01, **p<0.001 compared to <40 years group.

Correlations with Age and Metabolic Parameters

Table 2 summarizes the correlations between the three biomarkers (Orexin-A, Cathepsin-D and HOMA-IR) and key metabolic
parameters in patients with type 2 diabetes mellitus (T2DM). There is a strong negative relationship between age and orexin-
A (r = -0.84, p = 0.01) and this indicates that the level of Orexin-A in the old is usually very low. It also correlates negatively
with body mass index (BM], r = -0.38), HbA1lc ( -0.41), insulin (-0.29), C-peptide (-0.26), triglycerides (TG, -0.31), and low-
density lipoprotein (LDL, -0.27), which means that the lower the amount of Orexin-A, the higher the adiposity, the worse the
glycemic control, and the worse the dyslipidemia. It is only significant with fasting blood sugar (FBS) with no significant
correlation with high-density lipoprotein (HDL). These findings give credence to the preventive role of Orexin-A, which
decreases with old age, insulin resistance, and poor metabolic characteristics.

Most of the indices have a positive relation with cathepsin-D such as age (0.4), BMI (0.42), HbA1c (0.88), FBS (0.88), insulin
(0.63), C-peptide (0.63), TG (0.44), and LDL (0.25); furthermore, there is no significant relation with HDL. This tendency
suggests that high Cathepsin-D concentrations correlate with hyperglycemia, insulin secretion, and dyslipidemia that could
be the symptoms of inflammation or metabolic stress in type 2 diabetes. The measure of insulin resistance, HOMA-IR, does
not have any correlation with HDL, but has a significant positive association with age (0.22), BMI (0.39), HbA1c (0.67), FBS
(0.82), C-peptide (0.72) and TG (0.38). It is also borderline related with LDL (0.18, p = 0.058). The correlations confirm the
role of HOMA-IR as an insulin resistance measure because they indicate that elevated HOMA-IR levels are correlated with
poorer glycemic control, more adiposity, and lipid dysregulation.
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Table 2: Correlation Analysis of Biomarkers with Metabolic Parameters in T2DM Patients

Parameters Orexin-A CDathepsin- HOMA-IR

R P R P r P
Age -0.84 0.01 0.4 0.02 0.22 0.001
BMI -0.38 0.01 0.42 0.01 0.39 0.002
HbA1c% -0.41 0.05 0.88 0.01 0.67 0.001
FBS (mg/dl) -0.83 0.387 0.88 0.05 0.82 0.001
Insulin (WU/ml) -0.29 0.002 0.63 0.01 - -
C-peptide (ng/ml) -0.26 0.006 0.63 0.05 0.72 0.001
TG (mg/dl) -0.31 0.001 0.44 0.01 0.38 0.005
HDL (mg/dl) 0.12 0.179 0.1 0.256 0.15 0.1
LDL (mg/dl) -0.27 0.004 0.25 0.008 0.18 0.058

r = Spearman's correlation coefficient

The association between age and Orexin-A levels is shown in the scatter plot (figure 1), which shows that patients with type
2 diabetic mellitus (T2DM) have a noticeably steeper drop than healthy controls. Orexin-A declines significantly with age in
T2DM patients (r = -0.84), but the negative slope is less pronounced in the control group (r = -0.33). This suggests that
Orexin-A is more substantially suppressed by aging in diabetics than in healthy controls.

Figure (1) Linear Regression Analysis for Orexin with Age in Patients and Controls
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Traditional Metabolic Parameters by Age

Table 3 shows variations in traditional markers with age. Key metabolic markers for patients with type 2 diabetes mellitus in
four age groups are compared in this table. The lipid profile and glycemic control clearly deteriorate with aging. The median
HbA1lc increases gradually with age, from 8.9% in those under 40 to 11.2% in those over 60 (p = 0.005), suggesting
progressively worse long-term glucose management. Age differences in fasting blood sugar (FBS) are not statistically
significant (p = 0.387). Low-density lipoprotein (LDL), total cholesterol (TC), and triglycerides (TG) all rise dramatically with
age. For example, TG increased from a median of 145 mg/dl (<40 years) to 195 mg/dl (260 years; p = 0.001). Likewise,

there are notable increases in TC and LDL (p = 0.001).
High-density lipoprotein (HDL), on the other hand, dramatically drops from a median of 42 mg/dl in the youngest group to
32 mg/dl in the oldest (p = 0.001). Overall, these results show that older T2DM patients had more atherogenic lipid profiles,

which are defined by higher TG, TC, LDL, and lower HDL levels, as well as poorer long-term glycemic control.

Table 3: Traditional Metabolic Parameters Across Age Groups in T2DM Patients

Age FBS TG

Group HbA1c (%) (mg/dl) (mg/dl) TC (mg/dl) HDL (mg/dl) LDL (mg/dl)
89 (52-|178 (70-| 145 (84-

<4oyears | | o) 380) 310) 185 (98-250) 42 (28-59) 115 (36-180)

40-49.9 9.8 (6.0- | 195 (85- | 168 (90- ) ~ ~

vears 12.0) 420) 385) 198 (110-260) 38 (26-55) 125 (45-190)
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50-59.9 105 (6.5- | 210  (90- | 185  (95- o) Eo)E o01)E
years 12.6)* 460) 431)* 210 (125-271) 35 (24-50) 135 (55-201)

1.2 (7'0' 205 (95' 195 (100' _ *% _ *% _ %%
>60 years 12.6)** 440) 420)** 215 (130-265) 32 (24-48) 140 (60-195)
p-value 0.005 0.387 0.001 0.001 0.001 0.001

Data presented as median (min-max). *p<0.05, **p<0.01 compared to <40 years group.

Multiple Regression Analysis

Independent predictors of HOMA-IR were found using multiple regression analysis (Table 4). Independent predictors of
insulin resistance as determined by HOMA-IR are found in this investigation. Age (8 = 0.18, p = 0.02), BMI (8 = 0.35, p <
0.001), and Cathepsin-D (B = 0.31, p = 0.001) are all significant positive predictors, suggesting that increased insulin
resistance is independently linked to older age, higher BMI, and raised Cathepsin-D levels. Orexin-A, on the other hand,
exhibits a significant negative correlation (3 = -0.24, p = 0.005), indicating that higher levels of Orexin-A are protective
against insulin resistance. The model explains 52% of the variance in HOMA-IR (R? = 0.52, p < 0.001), indicating that insulin
resistance in type 2 diabetes is influenced by both established risk variables (age, BMI) and novel biomarkers (Cathepsin-D,
Orexin-A).

Table 4: Multiple Regression Analysis for Predictors of HOMA-IR

. . Standard o
Variable B coefficient Error p-value 95% CI
Age 0.18 0.08 0.02 0.02-0.34
BMI 0.35 0.09 <0.001 0.17-0.53
Orexin-A -0.24 0.08 0.005 -0.32
Cathepsin-D 0.31 0.09 0.001 0.13-0.49

Model R? = 0.52, p<0.001
BMI-Stratified Analysis
In the case of stratification by BMI, considerable differences were noted (Figure 4):
Disagreement in Biomarkers by BMI.
A number of biomarkers have significant differences when patients are grouped based on the BMI (normal <24.9 vs.
abnormal =25). The median Orexin-A (84 pg/ml vs. 110 pg/ml, p = 0.001), Cathepsin-D (26 pg/ml vs. 16 pg/ml, p = 0.02),
IAPP (26.6 pg/ml vs. 9.6 pg/ ml, p =0.002), insulin(23.2 ug/ml vs.15.4 ug/ml, p =0.001), and C-peptide(4 No significant
difference in the level of GIP is observed (p = 0.7). These findings support the relationship between obesity and progressive
metabolic risk because the biomarker patterns of increased insulin secretion and metabolic stress-reduced Orexin-A,

elevated Cathepsin-D, IAPP, insulin, and C-peptide were found in overweight or obese T2DM patients.

Table (5) The Differences of Orexin, GIP, Cathepsin-D, IAPP, Insulin, and C-Peptide Between Patients according to BMI.

. Orexin Cathepsin-D . C-Peptide
Biomarker oz i) ol Insulin um/ml e
N Normal BMI=38 Abnormal BM =72
Normal BMI | Median 110 16 15.4 3.4
<24.9 Min.-Max. (27_289) (4_36) (3.1_41.6) (1.2_6.7)
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P-value 0.001 0.02 0.001 0.005
Ab  normal .
BMI Median 84 26 23.2 4.8
>25.0 Min.-Max. (13_200) (6_38) (3.1_66.2) (1.9_8.6)
Discussion

This pioneering work provides the first extensive analysis of the age-related changes in orexin-A and cathepsin-D in type 2
diabetes mellitus (T2DM) patients, which reveals a systematic deterioration of cellular quality-control mechanisms and
hypothalamic activity accelerating with age. We discovered alarming 69 percent reduction in orexin-A and a 81 percent
increase in cathepsin-D that was across the age brackets giving us much needed information on the progressive metabolic
impairment that is described in older diabetics.

The pivotal part of Orexin deficiency in the decrease of the metabolism.

Our findings indicate that the age reduction in orexin-A that is typically observed in healthy aging population is significantly
overcome by the age reduction in T2DM patients [13], [14]. This fact is demonstrated by the fact that the negative
correlation between orexin and age is significantly higher in patients (r = -0.84, p = 0.01) compared to controls (r = -0.33, p

= 0.004), which means that the death of hypothalamic neurons is facilitated by diabetes-specific mechanisms. This
progressive degradation is probably due to a synergistic interaction of aging and diabetic related variables, which include
oxidative stress, chronic inflammation specifically directed at the lateral hypothalamus, and neurotoxicity due to the chronic
hyperglycemia. [15], [16].

The mechanistic consequences of orixin insufficiency extend beyond the loss of neurons. The negative relationship between
orexin and insulin resistance (r = -0.26, p = 0.005) can be confirmed by experimental evidence of the complex insulin-
sensitizing actions of orexin. They involve augmentation of hepatic insulin sensitivity, amplification of glucose uptake by
GLUT4 translocation, alteration of the work of the autonomic nervous system, and mediating of the inflammatory processes
[17][18][19][20]. All these findings suggest that age-related orexin deficit is the cause above all, of metabolic degradation,
not merely an outcome, which leads to vicious circle of hypothalamic dysfunction slowly increasing peripheral insulin
resistance.

Biomarker Cellular Dysfunction Cathepsin-D.

Type 2 diabetes is highly indicated to experience severe lysosomal dysfunction and failure in cellular quality control with the
growing age-related elevated level of cathepsin-D. Cathepsin-D maintains cellular proteostasis by promoting the degradation
of misfolded proteins through the autophagy-mediated mechanism in physiological conditions [21]. Nonetheless, our finding
that the cathepsin-D levels of T2DM patients were nearly fivefold higher than the controls do indicate that the normal
breakdown pathways are congested. This malfunction leads to the extracellular release of cathepsin-D that actively
facilitates insulin resistance and inflammation [22], [23].

Importantly, the positive relationship between cathepsin-D and glycemic indices (fasting blood sugar: r = 0.88, p = 0.05;
HbAlc: r = 0.88, p = 0.01) was quite high, which demonstrates that lysosomal impairment is mainly predetermined by
chronic hyperglycemia. This observation is in line with the information that the release of cathepsin is caused by the glucose-
induced lysosomal membrane permeabilization [24]. The role of cathepsin-D as a biomarker of duration and severity of
metabolic stress is justified by the simultaneous increase in levels with age which is a cumulative damage of cells and
progressive loss of metabolic capacity.

The Novel Orexin-Cathepsin-D Pathophysiological Axis.

Among the most interesting results of our study is the inverse correlation between orexin and cathepsin-D (r = -0.36, p =
0.002), where the relationship has never been reported previously, which outlines a previously unrecognised
pathophysiological relationship between the malfunctioning of the central hypothalamic and the cellular response to stress.
The following relationship might be due to several mechanisms that are interconnected:

Due to the demonstrated neuroprotective activity of orexin, it may be transferred to peripheral tissues, reducing cellular
stress and the liberation of cathepsin-D [25]. Second, the deficiency in orexin can lead to an imbalance in the autonomic
nervous system that can aggravate the lysosomal dysfunction and disrupt the homeostasis of peripheral tissues [26]. Third,
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orexin deficiency facilitates systemic inflammation to increase cathepsin-D, which indicates that it is possible to use the
proposed axis to explain the peripheral metabolic damage caused by hypothalamic dysfunction and suggest new
pathophysiological models of age-related diabetes progression.

Conclusions

According to this study, major hypothalamic impairment, which is shown by a reduction of orexin levels by 69 percent, and
impaired cellular quality control, which is demonstrated by an increase of cathepsin-D levels by 81 percent, is associated
with aging in patients with type 2 diabetic mellitus (T2DM). The connection between both changes and the worsening insulin
resistance is evident. These processes are increased in diabetes-specific acceleration through the large differences between
patient and control age-related patterns of biomarkers.

These findings imply that older diabetic individuals should be treated in a specific way and provide solid proof of age-related
pathophysiological mechanisms that transcend the traditional glycemic malfunction. In addition, the finding of orexin-
cathepsin-D axis as a new pathway between peripheral metabolic stress and central hypothalamic dysfunction demonstrates
the importance of hypothalamic preservation in diabetes treatment and provides new therapeutic possibilities.
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