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   Abstract 

Glycated hemoglobin (HbA1c) is the standard biomarker for long-term glycemic control in type 1 

diabetes (T1D), but it fails to capture short-term fluctuations. Fructosamine, which reflects glycemia 

over 2–3 weeks, may provide complementary information during periods of rapid metabolic change, 

such as Ramadan fasting. To evaluate short- and medium-term glycemic control in pediatric patients 

with T1D before and after Ramadan by comparing HbA1c and fructosamine. 

Methods: This observational study enrolled 18 children (<18 years) with T1D at EL NOUR Medical 

Laboratory, Tebessa. Blood samples were collected one week before and one week after Ramadan. 

Fasting plasma glucose (FPG), HbA1c, and fructosamine were measured using validated enzymatic and 

colorimetric assays. Paired comparisons were performed, and correlation analyses were reported with 

the correlation coefficient, sample size, p-value, and 95% confidence interval. Mean HbA1c increased 

significantly from 8.69 ± 1.51% before Ramadan to 9.34 ± 1.46% after Ramadan (p = 0.03), indicating 

a deterioration in glycemic control over the study period. Mean fructosamine increased from 406.02 ± 

91.03 µmol/L to 426.21 ± 82.14 µmol/L; however, this change was not statistically significant (p = 

0.09). Five participants showed lower post-Ramadan fructosamine concentrations, reflecting 

heterogeneous short-term glycemic responses that should be interpreted cautiously. Pearson’s 

correlation analysis demonstrated a moderate, positive, and statistically significant association between 

HbA1c and fructosamine levels (r = 0.61, 95% CI: 0.20–0.84, p = 0.007, n = 18). In this small 

observational cohort, Ramadan fasting was associated with a significant increase in HbA1c among 

children with T1D, suggesting deterioration in overall glycemic control. Fructosamine showed 

heterogeneous short-term responses without reaching statistical significance, supporting its potential 

role as a complementary biomarker rather than a replacement for HbA1c. Larger prospective studies 

including mid-Ramadan measurements, CGM metrics, insulin regimen data, pubertal status, and fasting 

adherence are needed. 
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1. Introduction 

Type 1 diabetes (T1D) is a chronic autoimmune disorder characterized by the progressive destruction of 

pancreatic β-cells, leading to absolute insulin deficiency and necessitating lifelong insulin replacement 

therapy [1], [2], [3], [4]. While T1D predominantly manifests in children and adolescents, it can develop at 

any age, with incidence rates increasing globally, particularly among younger age groups [5], [6]. The 

pathophysiology involves an interplay of genetic susceptibility and environmental triggers, which initiate 

an autoimmune response targeting insulin-producing β-cells, ultimately resulting in insulin deficiency [7], 

[8], [9], [10], [11]. 

Managing T1D poses significant challenges due to the necessity of maintaining precise glycemic control 

amid varying metabolic demands during growth and development. Effective glycemic management is 

critical to prevent acute complications such as diabetic ketoacidosis and severe hypoglycemia, both of 

which can have immediate life-threatening consequences [12], [13], [14]. Furthermore, chronic 

hyperglycemia contributes to microvascular complications including retinopathy, nephropathy, and 

neuropathy as well as macrovascular diseases, which remain the leading causes of morbidity and premature 

mortality in this population [15], [16], [17], [18]. 

Advances in insulin formulations, delivery systems such as insulin pumps, and continuous glucose 

monitoring (CGM) technologies have significantly improved the ability to achieve near-normal glycemic 

targets and reduce the burden of hypoglycemia [19], [20], [21], [22], [23]. Despite these technological 

improvements, maintaining stable glycemic control remains difficult, particularly during periods of 

physiological stress, lifestyle changes, or cultural practices such as fasting, which can disrupt metabolic 

homeostasis and insulin requirements [24], [25], [26], [27], [28], [29]. Understanding these challenges and 

optimizing monitoring strategies are essential to improve health outcomes in children and adolescents 

living with T1D. 

Glycated hemoglobin (HbA1c) remains the clinical gold standard for monitoring long-term glycemic 

control, as it reflects average blood glucose concentrations over the preceding two to three months by 

measuring the non-enzymatic glycation of hemoglobin molecules [30]. Its widespread use is supported by 

strong evidence linking HbA1c levels to the risk of both microvascular and macrovascular diabetes 

complications [31], [32], [33], [34], [35]. However, HbA1c has important limitations. It does not capture 

short-term glycemic variability or acute glucose fluctuations, which can significantly impact patient 

outcomes, including hypoglycemic episodes and glucose toxicity [36], [37]. This limitation is particularly 

relevant during periods of rapid metabolic changes, such as illness, therapy adjustments, or lifestyle 

modifications including fasting [38], [39]. Additionally, HbA1c measurements can be affected by 

conditions altering red blood cell turnover or hemoglobin variants, potentially leading to inaccurate 

readings [40], [41]. Consequently, there is growing interest in identifying complementary biomarkers that 

more accurately reflect shorter-term glycemic control, enabling timely clinical interventions. Biomarkers 

such as fructosamine and 1,5-anhydroglucitol have been explored for this purpose, as they provide insights 

into average glycemia over shorter periods ranging from 1 to 3 weeks [42], [43], [44]. Incorporating these 

markers alongside HbA1c may optimize diabetes management by capturing both chronic and acute 

glycemic trends. 

One clinically significant context in which glycemic monitoring becomes particularly challenging is 

Ramadan, the ninth month of the Islamic lunar calendar, during which fasting from dawn to sunset is 

observed by millions of Muslims worldwide [45], [46]. Although children with T1D are religiously exempt 

from fasting, many elect to participate due to cultural, familial, or personal convictions [45], [47]. Ramadan 

fasting involves prolonged periods of abstinence from food and drink, followed by altered meal timing and 

composition during pre-dawn (suhoor) and post-sunset (iftar) meals. These modifications disrupt normal 

nutritional intake, physical activity patterns, and insulin administration schedules, thereby imposing unique 

metabolic stresses on glucose homeostasis [48], [49]. Such changes substantially increase the risk of both 

hypoglycemic and hyperglycemic episodes, as well as diabetic ketoacidosis, particularly in pediatric 

populations who may have less physiological resilience and variable adherence to treatment [50], [51]. 

Consequently, Ramadan fasting demands intensified glucose monitoring, individualized insulin regimen 

adjustments, and comprehensive patient education to mitigate risks and ensure safe observance. Recent 

guidelines underscore the importance of integrating advanced monitoring tools, including continuous CGM 

and complementary biochemical markers, to optimize metabolic control during Ramadan [49], [52], [53]. 

In this clinical setting, fructosamine has gained attention as a complementary biomarker to HbA1c for 

assessing short-term glycemic control. Fructosamine reflects average blood glucose levels over the 

preceding 2–3 weeks by measuring glycated serum proteins, primarily albumin, thus providing a more 

immediate snapshot of glycemic fluctuations compared with HbA1c’s 2–3 months window [54], [55]. This 
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shorter timeframe may be particularly valuable during periods of rapid metabolic change or lifestyle 

modification, such as Ramadan fasting. Evidence from Ramadan-related diabetic populations suggests that 

fructosamine may help capture recent glycemic changes when used alongside established markers, although 

pediatric data remain limited [57]. 

Despite emerging evidence supporting fructosamine as a valuable short-term glycemic marker, data on its 

utility specifically in pediatric populations with type 1 diabetes during Ramadan fasting remain limited. 

Most available studies focus on adults, pregnant women, or CGM-derived outcomes, whereas fewer studies 

have evaluated the combined interpretation of HbA1c and fructosamine in children. A deeper understanding 

of this dual-marker approach could enhance clinical decision-making by providing both medium-term and 

recent glycemic information during a period of marked lifestyle change. 

The present study therefore aimed to compare HbA1c and fructosamine levels in pediatric patients with 

T1D before and after Ramadan fasting. Its scientific contribution lies in evaluating whether the combined 

use of a conventional medium-term marker (HbA1c) and a shorter-term marker (fructosamine) may provide 

a more nuanced assessment of glycemic control in children during Ramadan, a context characterized by 

abrupt changes in meal timing, sleep patterns, insulin administration, and physical activity. 

 

2. Materials and Methods 
This comparative observational study was conducted between February and April 2025 at EL NOUR 

Laboratory in Cheria, Tebessa. The study enrolled 18 children aged under 18 years with a confirmed 

diagnosis of T1D. Inclusion criteria comprised a documented diagnosis of T1D, age below 18 years, and 

regular clinical follow-up at the participating medical facility. Exclusion criteria were the presence of other 

diabetes types (e.g., type 2 diabetes, monogenic diabetes), known hemoglobinopathies, or any medical 

conditions affecting protein metabolism that could potentially interfere with fructosamine measurements. 

Available baseline variables included age and sex. Detailed clinical characteristics such as diabetes 

duration, insulin regimen, body mass index (BMI), CGM use, number of fasting days, and adherence to 

Ramadan fasting were not systematically recorded in the source files and were therefore not included in the 

primary analysis. 

Written informed consent was obtained from parents or legal guardians of all participants, and verbal assent 

was collected from children when developmentally appropriate. The study protocol was reviewed and 

approved by the local ethics committee at EL NOUR Laboratory, in accordance with the Declaration of 

Helsinki. 

Blood samples were collected at two time points: within one week prior to the start of Ramadan fasting and 

within one week following the end of Ramadan. To assess different glycemic parameters, three types of 

blood collection tubes were employed: heparin tubes for fasting plasma glucose, EDTA tubes for HbA1c, 

and dry tubes for serum fructosamine analysis. 

Analytical procedures were performed utilizing a suite of validated instruments to ensure accurate and 

reliable measurement of glycemic markers. Biochemical assays, including fasting plasma glucose and 

fructosamine, were conducted on the Mindray BS-240Pro automated analyzer, employing enzymatic 

colorimetric methods consistent with manufacturer protocols. Hematological parameters were assessed 

using the Mindray BA-88A analyzer. Point-of-care glucose levels were monitored with the SD 

BIOSENSOR F200 device to provide immediate capillary glucose readings. HbA1c analysis was carried 

out on the Lifotronic GH-900Plus platform, utilizing a high-performance methodology standardized against 

reference protocols. All assays were calibrated regularly, and stringent quality control procedures including 

the use of internal controls and participation in external proficiency testing were implemented throughout 

the study to maintain assay precision and accuracy. 

Statistical analysis was performed using paired pre- and post-Ramadan values. Continuous variables were 

expressed as mean ± standard deviation (SD). Pre- and post-Ramadan comparisons were performed using 

paired statistical tests after assessment of data distribution. Pearson’s correlation analysis was used to 

evaluate the relationship between HbA1c and fructosamine, and results were reported with the correlation 

coefficient (r), sample size (n), p-value, and 95% confidence interval (CI). A p-value < 0.05 was considered 

statistically significant. 

 

3. Results 

In this cohort of 18 children with type 1 diabetes, the age distribution was skewed toward school-age 

participants, with 55.6% between 6–12 years, 33.3% between 12–18 years, and 11.1% between 1–6 years 

(Figure 1). The available baseline characteristics were limited to age and sex, which should be considered 

when interpreting subgroup-related findings. 
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Figure 1: Age distribution of participants. 

 
The sex distribution was equal, with males and females each representing 50% of the cohort. Reported 

contextual factors at or around the time of diabetes diagnosis are presented in Figure 2. These factors were 

descriptive only and were not interpreted as causal determinants of type 1 diabetes. 

 

 
Figure 2: Reported contextual factors at or around diagnosis. 

 

Quantitative analysis revealed an increase in mean fasting plasma glucose (FPG) from 2.16 ± 1.01 g/L prior 

to Ramadan to 2.41 ± 0.81 g/L post-Ramadan. This change was not statistically significant. Mean HbA1c 

rose significantly from 8.69% ± 1.51% before Ramadan to 9.34% ± 1.46% after Ramadan (p = 0.03), 

suggesting deterioration in overall glycemic control during the fasting period (Table 1, Figure 3). 

 
Table 1: Glycemic markers before and after Ramadan in children with T1D 

Marker Pre-Ramadan (Mean ± SD) Post-Ramadan (Mean ± SD) p-value 

FPG (g/L) 2.16 ± 1.01 2.41 ± 0.81 >0.05 (ns) 

HbA1c (%) 8.69 ± 1.51 9.34 ± 1.46 0.03* 

Fructosamine 

(µmol/L) 

406.02 ± 91.03 426.21 ± 82.14 0.09 (ns) 

       FPG: fasting plasma glucose; ns: non-significant; *p < 0.05. 
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Figure 3: Mean FPG, HbA1c, and fructosamine levels before and after Ramadan, with standard deviations. 

 

Fructosamine concentrations exhibited greater variability (Figure 4). The mean fructosamine value 

increased from 406.02 ± 91.03 µmol/L pre-Ramadan to 426.21 ± 82.14 µmol/L post-Ramadan; however, 

this change was not statistically significant (p = 0.09). Notably, five participants demonstrated reductions in 

fructosamine levels after Ramadan. This finding suggests heterogeneous short-term responses but should 

not be interpreted as definitive evidence of improved glycemic control because of the small sample size and 

lack of detailed fasting-adherence and treatment-adjustment data. 
 

 
Figure 4: Individual fructosamine levels before and after Ramadan, showing variability across participants. 

 

Pearson’s correlation analysis demonstrated a moderate positive and statistically significant correlation 

between HbA1c and fructosamine levels (r = 0.61, 95% CI: 0.20–0.84, p = 0.007, n = 18). The 

corresponding coefficient of determination was R² = 0.372. This result suggests that higher HbA1c levels 

were associated with higher fructosamine concentrations in the study population. 
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Figure 5: Scatter plot showing the relationship between HbA1c and fructosamine levels with regression line. Pearson 

correlation: (r = 0.61, 95% CI: 0.20–0.84, p = 0.007, n = 18). 

 

4. Discussion 

 

This study’s finding of a significant increase in HbA1c post-Ramadan corroborates earlier reports 

indicating that fasting during Ramadan can adversely affect long-term glycemic control in patients with 

T1D, particularly when accompanied by disruptions in routine meal timing, physical activity, and insulin 

regimens [54], [55]. Recent systematic reviews have reinforced that glycemic instability during Ramadan is 

common among children and adolescents with T1D, especially in contexts lacking structured pre-Ramadan 

education or personalized treatment adjustments [56], [57], [58], [59]. For example, a multicenter 

observational study by [60] reported that inadequate preparation and support during Ramadan fasting 

increased the risk of both hyperglycemia and hypoglycemia in pediatric patients, emphasizing the critical 

role of individualized care plans. 

The variable fructosamine responses observed in this study suggest that this biomarker may provide 

complementary short-term information during Ramadan fasting. Because fructosamine reflects average 

glucose exposure over approximately 2–3 weeks, it may be useful for identifying recent glycemic changes 

that are less readily captured by HbA1c [55], [61]. However, the non-significant post-Ramadan change in 

fructosamine observed in this small cohort requires cautious interpretation. Therefore, these findings should 

be considered exploratory and hypothesis-generating rather than confirmatory. 

The moderate and statistically significant positive correlation observed between HbA1c and fructosamine 

in this study (r = 0.61, 95% CI: 0.20–0.84, p = 0.007, n = 18) supports their complementary roles in 

glycemic assessment. HbA1c remains essential for evaluating longer-term glycemic exposure and 

estimating the risk of chronic diabetes-related complications [67]. Fructosamine, in contrast, reflects more 

recent glycemic changes and may provide additional information on short-term metabolic trends, 

potentially helping clinicians identify early deterioration or improvement and adjust management more 

promptly [55]. 

This dual-marker approach may be particularly relevant in pediatric patients, who frequently experience 

rapid metabolic and behavioral changes that influence glucose regulation [68], [69]. Ramadan introduces 

additional complexity by imposing abrupt alterations in dietary intake, insulin timing, sleep, and physical 

activity, thereby increasing the risk of glycemic excursions [49]. Our findings suggest that fructosamine 

could be considered as an adjunctive marker during Ramadan, while emphasizing that its clinical utility 

requires confirmation in larger and better-characterized pediatric cohorts. 

Nevertheless, several limitations merit consideration. First, the modest sample size restricts statistical 

power and generalizability. Second, fructosamine was measured only before and after Ramadan; an 

additional mid-Ramadan measurement, ideally at approximately two-week intervals, would better 

demonstrate its capacity to detect rapid glycemic changes compared with HbA1c. Third, detailed clinical 

and lifestyle data, including diabetes duration, insulin regimen, BMI, CGM use, number of fasting days, 

dietary intake, physical activity, insulin dose adjustments, and adherence to Ramadan fasting, were not 
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systematically available. Fourth, although the cohort was balanced by sex, the limited sample size and 

absence of pubertal staging, such as Tanner-stage assessment, precluded subgroup analyses by sex or pre-

/post-pubertal status. Future prospective multicenter studies should incorporate these variables together 

with CGM metrics and structured Ramadan education interventions to better delineate fasting impacts and 

refine the clinical utility of fructosamine. 

In summary, this study adds preliminary evidence supporting fructosamine as a potentially useful adjunct to 

HbA1c for monitoring short-term glycemic changes during Ramadan fasting in pediatric T1D. The findings 

should be interpreted cautiously because fructosamine changes did not reach statistical significance and 

because key clinical variables were unavailable. Tailored education, individualized therapeutic adjustments, 

and close monitoring remain essential to minimize risks and optimize glycemic control during this period. 

 

5. Conclusion 

Fructosamine may represent a useful complementary biomarker to HbA1c for assessing short-term 

glycemic changes in children with type 1 diabetes during periods of lifestyle modification such as Ramadan 

fasting. In this small observational cohort, HbA1c increased significantly after Ramadan, suggesting 

deterioration in overall glycemic control, whereas fructosamine showed heterogeneous individual responses 

without reaching statistical significance. These findings support the potential value of a dual-marker 

approach but should be interpreted cautiously due to the limited sample size and absence of detailed clinical 

and lifestyle data. Larger prospective studies incorporating mid-Ramadan fructosamine measurements, 

CGM metrics, insulin regimen data, pubertal status, and fasting adherence are needed to confirm these 

preliminary observations. 
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