QUANTIFICATION OF DAILY GLYCEMIC OSCILLATIONS IN HOSPITALIZED PATIENTS TREATED WITH INSULIN: BIOCHEMICAL PARAMETERS AND NUTRITIONAL INTERFERENCE
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Abstract 

Effective management of diabetes mellitus in hospitalized patients requires close monitoring of glycemic variability, particularly in relation to nutritional intake. This study aimed to assess the impact of meal type and quantity on glycemic response in hospitalized diabetic patients.
In this prospective study conducted at the Internal Medicine Department of the Clinical Hospital in Bitola (June–July 2025), 20 patients (11 females, 9 males; mean age 68.4 years) were monitored. Capillary blood glucose was measured at three time points: fasting (06:00 h), two hours post-breakfast (12:00 h), and two hours post-lunch (17:00 h). Measurements were performed every other day, corresponding to three times per week, over a period of four weeks. Glucose concentrations were determined using an electrochemical glucose sensor based on glucose oxidase activity. Patient data on dietary intake, HbA1c, BMI, and comorbidities were also recorded.
Mean glucose levels were 10.37 mmol/L (fasting), 13.8 mmol/L (post-breakfast), and 12.26 mmol/L (post-lunch). The average HbA1c was 9.03%, and the mean BMI was 28 kg/m², indicating a predominance of overweight/obese status. Only 35% of patients consumed their full prescribed hospital meals, 30% partial meal and 35% consumed additional non-prescribed food. Common comorbidities included dyslipidemia (35%), thyroid dysfunction (15%), and renal insufficiency (15%). 
Glycemic instability was most pronounced in the postprandial period, particularly among patients with irregular or excessive food intake. These findings emphasize the need for individualized insulin dosing based on actual dietary consumption and highlight the importance of standardized nutritional protocols in the inpatient setting.
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1. Introduction

Effective management of diabetes mellitus in hospitalized patients largely depends on the precise control of glycemic variability (GV). GV refers to the rapid fluctuations in blood glucose levels that are not fully captured by HbA1c, which only reflects average long-term glucose exposure. Elevated GV substantially contributes to oxidative stress, endothelial dysfunction, and an increased risk of both micro and macrovascular complications, rendering it particularly hazardous in the inpatient setting (Mo et al., 2024; Zhou et al., 2021).
In hospitalized patients, several factors exacerbate GV: acute illness, stress hormones, pharmacologic interventions (e.g., corticosteroids), and, critically, inconsistent meal intake. Discrepancies between the prescribed nutritional regimen and the actual food consumed whether due to skipped meals, partial intake, or additional snacking can result in unpredictable postprandial glucose excursions. This underscores the complex interplay between nutrition, insulin therapy, and metabolic stability (Kapłan et al., 2022; Marino et al., 2025).
Moreover, both the nutrient composition and method of meal preparation markedly influence glycemic responses. Dietary strategies such as adjusting the macronutrient ratio by increasing protein or dietary fiber intake, or adding fats or acids (e.g., vinegar) can attenuate postprandial glycemic peaks by modulating gastric emptying and nutrient absorption (Murillo et al., 2022; Ryan et al., 2014). These interventions highlight the role of diet not merely as supportive care but as an active modulator of GV.
Nevertheless, despite such insights, there remains a notable paucity of studies investigating how meal type and quantity affect glycemic responses in hospitalized patients with diabetes, and a pressing need to better understand these dynamics within real-world inpatient environments, where adherence to prescribed diets often varies and institutional protocols may not align with actual patient behavior. 
The present study seeks to address this gap by quantifying daily glycemic oscillations in insulin-treated inpatients, with particular attention to how meal-related behaviors such as incomplete consumption of hospital meals or the intake of unprescribed food affect glycemic outcomes. Conducted at the Department of Internal Medicine, Clinical Hospital Bitola (June–July 2025), this investigation examines biochemical parameters alongside nutritional interference. By linking dietary behavior to specific glycemic outcomes, our study aims to generate actionable recommendations for more precise insulin titration and the standardization of nutritional protocols in hospital settings. Ultimately, this research seeks to provide practical evidence to optimize both metabolic control and patient safety in the inpatient context.

2. Literature Review

A literature review clearly indicates that glycemic variability (GV) represents a key component in the management of diabetes, with significant implications for the occurrence of complications, mortality, and patient quality of life. Chun et al. (2022) analyzed 2,617 patients with acute heart failure and found that high GV, measured by the coefficient of variation (CoV > 21%), significantly increased one-year mortality. The effect was more pronounced in non-diabetic patients, suggesting that GV is an independent prognostic factor for survival in critically ill patients.
Ohara et al. (2016) demonstrated that both intraday and interday glycemic variability are strongly associated with oxidative stress in patients with T2DM. Parameters such as MAGE (Mean Amplitude of Glycemic Excursions) and MODD (Mean of Daily Differences) showed the strongest correlation with oxidative stress biomarkers (d-ROMs), independently of HbA1c.
Krishna et al. (2013) conducted a review and emphasized that GV is as important a parameter as HbA1c, particularly in predicting cardiovascular complications. The authors highlighted that both postprandial hyperglycemia and hypoglycemic episodes increase the risk of cardiovascular disease. Modern therapies, such as GLP-1 receptor agonists and newer basal insulins, have been shown to be effective in reducing GV.
Pantanetti et al. (2024), in a case-series study, demonstrated that the use of a diabetes-specific enteral formula (DSF) led to improved glycemic control, reduced variability, and lower insulin requirements. Additionally, DSF exerted a positive effect on the lipid profile without significant adverse gastrointestinal effects.
Islami et al. (2023) documented the status of diabetes in the Skopje region for the year 2020, reporting 14,132 registered patients, with the highest prevalence in the 65–69 age group. The most common comorbidity was hypertension (85%), and the most frequent complications were peripheral circulatory disorders (40%). This study provides important local context on the burden of diabetes and its consequences for the Macedonian population.

3. Methods and Materials 
3.1. Study design and protocol
	This prospective study was conducted at the Department of Internal Medicine, Clinical Hospital Bitola, during June–July 2025. A total of 20 patients with diabetes mellitus (11 females and 9 males; mean age 68.4 years) were enrolled. 
[bookmark: _Hlk207302314]Patients were monitored under inpatient conditions with the aim of assessing glycemic variability (GV) in relation to food intake. Hospital meals were prepared in accordance with standardized dietary protocols for patients with diabetes mellitus. Capillary blood glucose was measured at three time points: fasting (06:00 h), two hours after breakfast (12:00 h), and two hours after lunch (17:00 h). Measurements were performed every other day, corresponding to three times per week, over a period of four weeks.

3.2. Method of glucose measurement
	Blood glucose concentrations were determined using an electrochemical glucometer based on enzyme-catalyzed electrochemical transduction. Each disposable test strip contained a thin layer of dried enzyme (most commonly glucose oxidase [GOx] or pyrroloquinoline-dependent glucose dehydrogenase [PQQ-GDH]) together with a redox mediator (ferricyanide, ferrocene derivatives, or osmium complexes) that shuttles electrons from the reduced enzyme to the working electrode (Heller et al., 2008). When a small blood drop (≈0.3–5 μL) came into contact with the test strip, glucose was oxidized by the enzyme to gluconolactone, with the enzyme cofactor (FAD in GOx) reduced to FADH₂. This reduced cofactor was subsequently re-oxidized by the mediator, which itself became oxidized at the electrode, generating an electrical current proportional to the glucose concentration (Heller et al., 2008).
In some test strips, an O₂-dependent mechanism was also employed: GOx reduces oxygen to hydrogen peroxide (H₂O₂), and either the decline in O₂ partial pressure or the oxidation of the produced H₂O₂ is measured amperometrically. In all cases, the electrical signal is processed through factory calibration, which aligns the measured current with plasma glucose concentrations, often via plasma-equivalent algorithms. This ensures that glucometer readings are standardized against laboratory plasma glucose measurements (Heller et al., 2008).

3.3. Biochemical and clinical parameters
	In addition to glycemic values, the following parameters were collected from hospital medical records: sex, age, HbA1c, body mass index (BMI), and information about comorbidities (dyslipidemia, thyroid disorders, chronic renal insufficiency, etc.). Through direct patient interviews, data were also obtained on adherence to hospital nutrition—whether the prescribed meal was consumed fully, partially, or supplemented with additional non-prescribed food.

3.4. Statistical analysis
All data were analyzed using descriptive statistics. Results are presented as arithmetic means ± standard deviation (SD) with 95% confidence intervals (CI). Special emphasis was placed on postprandial glucose values and their dependence on actual food intake, cross-analyzed with biochemical and clinical parameters.

4.  Results and Discussion 

In this study, 20 patients (11 females and 9 males) were enrolled, and daily glycemic oscillations were monitored three times per day—fasting (06:00 h), two hours after breakfast (12:00 h), and two hours after lunch (17:00 h). Measurements were performed alternately every other day, corresponding to three times per week, over a period of four weeks, and their mean values are presented in Figure 1. This design resulted in approximately 36 measurements per patient, yielding more than 700 total glucose determinations for the entire group.

[image: ]
Figure 1: Weekly mean blood glucose values for fasting, post-breakfast, and post-lunch measurements


The mean monthly capillary glucose values, as presented in Table 1, were 10.37 mmol/L for fasting, 13.80 mmol/L post-breakfast, and 12.26 mmol/L post-lunch.

Table 1: Summary Statistics with 95% Confidence Intervals
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The analysis of the parameters presented in Table 1 showed that the mean age of the group was 68.4 years, with a predominance of elderly patients. According to the literature, this age group is characterized by reduced β-cell function and increased insulin resistance (Huang et al., 2023). In parallel, the mean BMI of 28.0 kg/m² confirmed the tendency toward overweight/obesity, a condition closely associated with a higher risk of glycemic variability due to insulin resistance. The mean HbA1c value of 9.03% indicated long-term poor glycemic control, which correlated with the elevated fasting and postprandial values. This combination of chronic hyperglycemia and increased BMI further exacerbates insulin resistance and aggravates postprandial fluctuations.
The observed glycemic profiles (10.37 mmol/L fasting, 13.80 mmol/L post-breakfast, and 12.26 mmol/L post-lunch) demonstrated a pronounced postprandial dominance of hyperglycemia, particularly after the first meal of the day, which is generally recognized as a key clinical problem. This observation is consistent with contemporary literature emphasizing the role of postprandial excursions as a major predictor of complications in patients with diabetes mellitus (Shibib et al., 2024). Standard deviation (SD) and 95% confidence intervals (CI) further confirmed the variability of these parameters, underscoring the heterogeneity of individual responses to meals and insulin therapy. This highlights the importance of individualized insulin regimens tailored to patient-specific needs.
Nutritional behavior analysis revealed that approximately one-third of the patients (35%) consumed their hospital meals in full, 30% consumed only part of the meals, while the remaining 35% ingested additional non-prescribed food obtained either from outside the hospital or brought from home (Table 2).

Table 2: Distribution of categorical variables
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	According to the data presented in Table 2, the most frequently recorded comorbidities were dyslipidemia (35%), thyroid dysfunction (15%), and renal insufficiency (15%). The presence of dyslipidemia underscores the need for a holistic management approach, since the combination of uncontrolled glycemia and an altered lipid profile dramatically increases cardiovascular risk (Kalra et al., 2024). Renal insufficiency may affect insulin clearance, while thyroid disorders can influence both metabolism and insulin sensitivity (Parvathareddy et al., 2023; Eom et al., 2022). The subgroup of patients who consumed additional non-prescribed food (purchased outside or brought from home) demonstrated the highest average glucose levels, particularly two hours post-breakfast (13.890 mmol/L), Table 3.

Table 3: Meal behavior vs glucose values mmol/L
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Nevertheless, the differences among the three groups (according to dietary behavior) did not reach statistical significance with the present sample size (n=20). Although variability can be observed, the possibility of demonstrating a meaningful difference is limited by the small group. This aligns with clinical experience, which suggests that actual intake (particularly the consumption of “additional food”) can influence postprandial values; however, larger sample sizes and/or repeated assessments are required to establish statistical significance.
With respect to comorbidities in hospitalized patients, as shown in Table 4, dyslipidemia exhibited a moderate effect toward higher fasting glucose values compared to renal insufficiency, but this difference did not reach statistical significance.

Table 4: Comparison of glucose levels (fasting and post-lunch, mmol/L) by comorbidity status
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For a valid assessment, larger patient groups and/or modeling approaches that account for factors such as insulin clearance, concomitant therapy, and nutritional intake would be required.

5. Conclusion

Glycemic variability was most pronounced in the postprandial period, with nutritional behavior emerging as a key modulator of these oscillations. Chronically elevated HbA1c values (>9%) and a BMI of 28.0 kg/m² were associated with higher fasting and postprandial glucose levels, while age contributed to broader variability, consistent with known metabolic changes. Patients who consumed non-prescribed food tended to exhibit higher postprandial glycemia, whereas comorbidities further complicated metabolic regulation and increased the risk of complications. 
These findings underscore that successful inpatient diabetes management requires a multidisciplinary approach and dynamic insulin titration based on actual food intake and individual patient characteristics. Importantly, patients should adhere strictly to hospital diets, recommendations, and protocols rather than consuming additional non-prescribed food.
Furthermore, the implementation of continuous glucose monitoring (CGM) in hospitalized patients could provide a more precise and dynamic representation of glycemic excursions throughout the day. Such real-time data would allow clinicians to personalize insulin or oral therapy adjustments in close relation to actual dietary intake and individual metabolic responses. Integrating CGM into routine inpatient care not only enhances the accuracy of therapeutic decision-making but also offers a pathway toward truly individualized nutritional and pharmacological strategies, thereby improving both metabolic control and patient safety in hospital settings.
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Variable

n |mean |SD |SEM |95%CI | 95% CI
Lower | Upper
Age (years) 20.0 | 68.38 | 5.763 | 1.289 | 65.683 | 71.077
BMI (ke/m?) 20.0 | 27.995[2.919 | 0.653 | 26.629 | 29.361
HbALc (%) 20.0 [9.029 [0.657 |0.147 [8.722 | 9336
Fasting Glucose (mmol/L) 20.0 | 10.367 | 0.327 | 0.073 | 10214 | 10.52
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Post-Lunch Glucose (mmol/L) | 20.0 | 12.261 | 0.421 | 0.094 | 12.064 | 12.458





image3.png
Variable Category Count | %
Sex Female I 55.0
Sex Male 9 45.0
Meal Behavior | Full hospital meal 7 35.0
Meal Behavior | Additional non-prescribed food | 7 35.0
Meal Behavior | Partial meal 6 30.0
Comorbidity | Dyslipidemia 7 35.0
Comorbidity | Thyroid dysfunction 3 15.0
Comorbidity _| Renal insufficienc 3 150

Note. Values are presented as absolute count (1) and percentage (%) of total patients (N=20)




