



Effects of Age and Gender on Fasting Blood Glucose Levels in Clinically Ill Dogs

ABSTRACT
The present study was conducted during January 2024 and March 2024 on clinically ill dogs (Canis familiaris) presented to the Outpatient Ward of the Veterinary Clinical Complex, College of Veterinary Science, GADVASU, Rampura Phul, Punjab, India, to evaluate the influence of age and gender on fasting blood glucose levels. Blood glucose concentration was considered a crucial indicator of metabolic and endocrine function in dogs, particularly under diseased conditions. A total of 84 diseased dogs of different breeds were included in the study. The animals were categorized into three age groups, namely puppies (<1 year), adults (1–5 years), and geriatric dogs (>5 years), and were further stratified based on gender. Blood samples were collected following a 12-hour fasting period to minimize postprandial variation in glucose concentration. Fasting blood glucose levels were estimated using a Dry Chemistry Analyzer (Fujifilm NX 600 V, Veterinary Model) following standard analytical procedures. Statistical analysis revealed a significant variation in blood glucose levels among different age groups (p = 0.00015). Puppies exhibited the highest mean fasting glucose concentration (105.29 ± 16.51 mg/ dL), followed by geriatric dogs (98.29 ± 16.14 mg/ dL), whereas adult dogs showed comparatively lower values (85.86 ± 17.18 mg /dL). Gender-wise comparison also demonstrated a statistically significant difference (p = 0.0396), with female dogs recording higher mean glucose levels (100.20 ± 18.13 mg/ dL) than male dogs (91.97 ± 17.70 mg/ dL). The findings of the present study indicated that both age and gender significantly influenced fasting blood glucose concentrations in clinically ill dogs and should be carefully considered during clinical evaluation and interpretation of biochemical findings in canine practice.
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1. INTRODUCTION
[bookmark: _Hlk218772052]Glucose serves as the primary metabolic substrate essential for maintaining homeostatic equilibrium in mammals, including the domestic dog (Canis lupus familiaris). Precise regulation of blood glucose concentrations is critical to meet the high metabolic demands of the central nervous system and peripheral tissues, ensuring systemic physiological stability. Maintaining glycaemic homeostasis involves a sophisticated physiological interplay between the pancreas and peripheral tissues. This orchestration is governed by a reciprocal hormonal network, primarily the antagonistic relationship between insulin and glucagon. This axis is further modulated by counter-regulatory signals, including cortisol and catecholamines, to ensure precise metabolic regulation (Feldman and Nelson, 2014; Behrend et al., 2018). These hormones modulate hepatic glucose production and peripheral utilization to meet energy demands during varying states of fasting, post-prandial activity, and acute physiological stress (Goriya et al., 1981; Banton, 2025). In clinical veterinary medicine, the measurement of fasting blood glucose is a fundamental diagnostic tool for endocrine and metabolic profiling. However, conventional reference intervals, typically cited between 75 and 120 mg/ dL, are often generalized across the species (Hrițcu et al., 2025). Recent scholarship suggests that these broad ranges may lack the sensitivity required to account for physiological nuances associated with age, breed, and sex (Ruple et al., 2022; Pongrácz and Dobos, 2025). Such diagnostic gaps can lead to the under-recognition of subclinical metabolic shifts, particularly in diseased populations where homeostatic mechanisms are already compromised. Age is a significant determinant of glycaemic variation in dogs. Paediatric canines exhibit distinct metabolic profiles due to elevated basal energy demands and immature hepatic gluconeogenic pathways (Specht et al., 2011). The developmental immaturity of enzymes such as glucose-6-phosphatase and phosphoenolpyruvate carboxykinase (PEPCK) may contribute to transient fasting hyperglycaemia during early life stages. In contrast, geriatric dogs are predisposed to insulin resistance and hyperglycaemia, often attributed to age-associated sarcopenia, decreased physical activity, chronic low-grade inflammation, and progressive pancreatic β-cell dysfunction (De Tata, 2014; Pathak et al. 2024 and Mazzuoli-Weber et al., 2022). These mechanisms mirror the human model of “inflammaging,” where circulating proinflammatory cytokines such as IL-6 and TNF-α impair insulin signalling pathways (McKenzie et al., 2025). Female dogs, particularly during the luteal phase of the estrous cycle, are subject to the insulin-antagonistic effects of progesterone (Hess et al., 2000). Progesterone induces the mammary secretion of growth hormone, which significantly reduces peripheral insulin sensitivity (Elie and Hoenig, 2017; Gilor et al., 2021). Furthermore, recent research by Henstridge et al. (2019) suggests that sex-specific inflammatory markers in diseased states may further skew glucose metabolism. Despite these established physiological and hormonal influences, comprehensive investigations addressing the combined effects of age and sex on fasting blood glucose in clinically ill, non-experimental canine populations remain limited. Most previous studies in India and elsewhere have focused on controlled diabetic or healthy populations, which may not reflect the metabolic complexity of naturally diseased animals (Torre et al., 2007; An et al., 2025). Furthermore, recent research highlights the role of systemic inflammation and cytokine cascades in modulating glucose metabolism during illness, necessitating re-evaluation of standard diagnostic interpretations (Luc et al., 2019; Muršec et al., 2025). The present study, therefore, aimed to elucidate the interactive effects of age and gender on fasting blood glucose concentrations in clinically ill dogs. By establishing more physiologically representative reference intervals and identifying demographic influences, this research sought to enhance diagnostic precision, improve clinical interpretation of glycaemic data, and provide a foundation for individualized metabolic assessment in veterinary practice.
2. MATERIALS AND METHODS
2.1. Animal selection
This study was carried out on clinically ill dogs (Canis familiaris) presented to the Outpatient Ward of the Veterinary Clinical Complex, College of Veterinary Science, GADVASU, Rampura Phul, Punjab, India, between January 2024 and March 2024. A total of 84 dogs of different breeds and both sexes were enrolled. Inclusion criteria required dogs to exhibit moderate to severe clinical illness at the time of presentation. Dogs that were clinically healthy or affected only by mild or transient conditions were excluded to ensure uniformity of disease severity within the sample.
2.2. Sample collection and glucose estimation
Following an overnight fast of 12 hours, blood samples (2–3 mL) were aseptically obtained from the cephalic or saphenous vein of each dog using sterile, disposable syringes. Samples were immediately transferred into fluoride-oxalate tubes to inhibit glycolysis and maintain glucose stability. All blood samples were transported to the laboratory under refrigeration (4–8°C) to minimize pre-analytical degradation. Fasting blood glucose concentrations were measured using a dry chemistry analyzer (Fujifilm NX 600 V, Veterinary Model) with Fuji Film dry chemistry slides, following the manufacturer’s standard operating procedures for accuracy and reproducibility.
2.3. Study design and statistical analysis
This study aimed to assess the effects of age and sex on fasting blood glucose concentrations in clinically ill dogs. A total of 84 dogs were stratified into three age categories reflecting physiological maturity: puppies (<1 year), adults (1 to 5 years), and geriatrics (>5 years). Additionally, the dogs were classified by sex as male or female. This grouping facilitated comparative analyses of fasting glucose levels across different age and sex groups within the diseased canine population. Descriptive statistics, including means and standard deviations, were calculated for each subgroup. Differences in glucose concentrations between age groups and sexes were evaluated using one-way analysis of variance (ANOVA), with a significance threshold set at p<0.05.
3. RESULTS AND DISCUSSION
The analysis of fasting blood glucose (FBG) concentrations in clinically ill canines revealed significant variations dictated by age and sex, reflecting a complex interplay of physiological and molecular pathways. As summarized in Table 1, puppies (<1 year) exhibited the highest mean glucose levels (105.29 ± 16.51 mg/ dL). This trend is visually supported by Figure 1, which demonstrates significant differences across age cohorts (p = 0.00015). This paediatric hyperglycaemia is underpinned by an augmented basal metabolic rate and the developmental immaturity of hepatic gluconeogenic machinery. At the molecular level, submaximal expression of enzymes such as phosphoenolpyruvate carboxykinase (PEPCK) and glucose-6-phosphatase limits fine-tuned homeostasis during fasting. Recent studies suggest that neonatal and juvenile dogs experience higher glycemic variability due to immature hypothalamic-pituitary-adrenal (HPA) axis regulation, which leads to exaggerated catecholamine release during illness (Banton, 2025; Pongrácz and Dobos, 2025). Furthermore, reduced hepatic GLUT2 transporter expression in younger dogs diminishes efficient glucose handling, while transient peripheral resistance impairs GLUT4-mediated uptake in skeletal muscle and adipose tissue (Pathak et al. 2024; Muršec et al., 2025).

	Table 1. Mean ± SD of Glucose Levels by Age Group

	Age Group
	Glucose level Mean ± Standard deviation

	0 (<1 yr)
	105.29 ± 16.51

	1 (1-5 yr)
	85.86 ± 17.18

	2 (>5 yr)
	98.29 ± 16.14



Figure 1. Fasting blood glucose levels (mean ± standard deviation) in clinically ill dogs categorized by age groups: Group A (puppies, <1 year), Group B (adults, 1–5 years), and Group C (geriatrics, >5 years). Significant differences were observed among the groups (p = 0.00015). Error bars represent standard deviation.
Adult dogs (1–5 years) maintained the most stable and tighter glycemic control (85.86 ± 17.18 mg/ dL), as shown in Table 1. This stability indicates well-integrated beta-cell function and robust insulin receptor signaling via the AKT–PI3K and MAPK pathways, critical for maintaining euglycemia despite disease-induced inflammatory stress (Gilor et al., 2021; McKenzie et al., 2025). Effective cross-talk of insulin with its receptor and downstream intracellular effectors helps to mitigate the hyperglycemic effects of cortisol during systemic illness.
However, in geriatric patients (>5 years), FBG levels rose again to 98.29 ± 16.14 mg/ dL. Recent research by Pathak et al. (2024) attributes this to inflammaging, where chronic low-grade systemic inflammation increases circulating cytokines like IL-6 and TNF-alpha. These cytokines interfere with insulin receptor substrate (IRS) phosphorylation, leading to progressive insulin resistance. This geriatric shift is further linked to age-associated epigenetic modifications and reduced AKT phosphorylation, which promotes hepatic overproduction of glucose via upregulated gluconeogenesis (McKenzie et al., 2025; Muršec et al., 2025; Henstridge et al., 2019) Regarding sexual dimorphism, female dogs displayed significantly higher FBG (100.20 ± 18.13 mg/dL) compared to males (91.97 ± 17.70 mg /dL), a finding detailed in Table 2 and illustrated in the comparative analysis in Figure 2 (p = 0.0396). This disparity is largely driven by the endocrine profile of the female reproductive cycle. Progesterone surges during diestrus stimulate the mammary production of growth hormone, which directly antagonizes insulin action (Gilor et al., 2021).
Modern proteomic studies have confirmed that these hormonal shifts impair the translocation of GLUT4 transporters in skeletal muscle (Gilor et al., 2021). Furthermore, diseased females may experience higher oxidative stress-induced insulin resistance compared to males in Indian clinical settings, where inflammatory mediators further impair IRS1 and IRS2 signaling (Koomgun et al., 2025). Adoption of dynamic reference intervals considering these molecular pathways will refine clinical risk stratification, diagnostic interpretation, and individualized management of canine metabolic and endocrine disorders in routine veterinary practice (Henstridge et al., 2019; Pongrácz and Dobos, 2025).
	Table 2. Mean ± SD of Glucose Levels by Gender

	Gender
	Glucose level Mean ± Standard deviation

	Female
	100.20± 18.13

	Male
	91.97 ± 17.70




Figure 2. Comparison of fasting blood glucose levels between female and male dogs. Female dogs showed significantly higher glucose levels than males (p = 0.0396).
4. CONCLUSION
This study confirms that both age and gender significantly affect fasting blood glucose levels in dogs. Defining age-specific and sex-specific reference intervals can improve the accuracy of diagnostic interpretations and aid in the effective management of metabolic conditions in veterinary practice. Practitioners are advised to consider the dog's age and sex when evaluating blood glucose results to prevent misdiagnosis of hyperglycemia, particularly in growing puppies and females undergoing estrus. Incorporating these factors into clinical assessments will contribute to more individualized and precise veterinary care.
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