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Abstract: This study investigates the effect of Diabetes Mellitus (DM) on DNA degradation
and its quality in forensic analysis. DNA, as a key element in forensic investigations, is
susceptible to degradation due to the altered physiological state and chronic hyperglycemia
prevalentin DM patients. Blood samples from DM patients with fasting blood glucose (FBG)
levels greater than 126 mg/dL and HbA1c =7% were analyzed. The results showed a
significant decrease in DNA concentration, with the control group showing 1353.2 ng/uL,
and reductions observed on day 7 (989.9 ng/uL), day 14 (750.4 ng/uL), and day 20 (354.2
ng/uL). DNA purity remained relatively stable, with a slight reduction from 1.83 on day 7 to
1.74 on day 20. Statistical analysis using ANOVA indicated significant differences between
time points for both DNA concentration (p < 0.05) and purity (p < 0.05). Games-Howell post
hoc tests confirmed a significant decrease in DNA concentration over time (p < 0.05). The
significant decrease in DNA concentration reflects DNA degradation, which worsens over
time, while DNA purity remains within an acceptable range. The findings suggest that DNA
samples derived from DM patients may exhibit a higher susceptibility to progressive
degradation, potentially impacting the reliability of subsequent forensic analyses. This
study emphasizes the need for advanced forensic techniques capable of handling
degraded DNA samples, enhancing the sensitivity of forensic DNA analysis and ensuring
reliable forensic identification.

Keywords: DNA Degradation; DNA Quality; Diabetes Mellitus; Forensic Analysis; DNA
Concentration.

INTRODUCTION

DNA analysis serves as the gold standard for forensic identification due to
its inherent uniqueness and individuality, which allows for the definitive
differentiation between individuals'. However, the quality of DNA recovered from
crime scene samples significantly dictates the success of forensic analysis and the
subsequent identification process?>.

A significant challenge occurs when the donor's chronic health conditions
accelerate genetic degradation even prior to environmental exposure*°. One
medical condition of profound concern in modern forensic studies is Diabetes
Mellitus (DM)®7. As a metabolic disorder characterized by chronic hyperglycaemia,
DM does not merely impair vascular systems and organs; it also compromises
molecular structures®®.
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Chronic hyperglycemia in DM patients triggers aberrant metabolic
pathways, leading to the excessive accumulation of Reactive Oxygen Species
(ROS)™. Under homeostatic conditions, ROS facilitate cellular signaling; however,
in diabetic patients, an imbalance occurs between free radical production and the
body's antioxidant defense mechanisms''. According to literature, chronic
hyperglycemia in DM patients is theoretically associated with metabolic
disturbances that may increase cellular oxidative stress'?. Previous studies have
indicated that these conditions can lead to base modifications, such as the
formations of 8-oxoguanine (8-0xoG), and subsequent DNA strand breaks''*.

In addition to base modification, literature suggests that ROS-induced
attacks can result in DNA strand breaks, occurring as either single strand or double
strand breaks'® Hyperglycemia is theoretically understood to trigger the cleavage
of the phosphodiester bonds that constitute the DNA backbone, which leads to
severe DNA fragmentation in a forensic context *°.

While prior research has addressed mitochondrial DNA mutations within
the oxidative phosphorylation complex regarding insulin secretion''8, this study
introduces a novel dimension by focusing on how these hyperglycemic conditions
baseline a technical constraint in forensic identification through the evaluation of
macro-level DNA degradation metrics, specifically concentration and purity. By
analyzing concentration and purity via UV spectrophotometry in patients
with fasting blood glucose levels >126 mg/dL and HbA1c 27%.

This study aims to examine the effect of Diabetes Mellitus on DNA
degradation and quality in blood samples from DM patients by analyzing DNA
concentration and purity. The samples were obtained from DM patients with fasting
blood glucose >126 mg/dL and HbA1c =7%, with DNA concentration and purity
measured using UV spectrophotometry to assess degradation. This research is
expected to provide a deeper understanding of DNA degradation dynamics
associated with Diabetes Mellitus and its potential impact on DNA quality in
forensic analysis.

MATERIALS AND METHOD

This study employs a Laboratory-based cross-sectional comparative
design to observe the profile of DNA degradation. Due to sample limitations, each
specific time point (Day 0,7,14,20) was represented by an individual subject (n = 1
per group) with specific metabolic characteristics, analyzed using technical
replicates to ensure analytical reliability. The focus of this approach is to compare
quantitative and qualitative DNA parameters specifically concentration and purity,
across these distinct time cohorts. The primary objective of this framework is to
model the rate of genetic material degradation as influenced by chronic
hyperglycemic pathophysiological conditions within a molecular forensic context.

The study population comprises Diabetes Mellitus patients undergoing
clinical management at the Griya Luka Pringsewu Clinic. Subjects were selected
via purposive sampling based on stringent inclusion criteria to ensure the
homogeneity of the biological samples. The inclusion criteria restricted subjects to
an age range of 35 to 75 years with standardized clinical profiles, defined by a
fasting blood glucose (FBG) level >126 (mg/dL) and a glycated hemoglobin (HbA1c)
level >7%. Standardizing these glycemic profiles is critical to minimizing inter-
individual biological variability, which could otherwise confound the observed DNA
degradation patterns.

The collected biological samples were allocated into four distinct
observation groups based on the temporal dimension of storage or exposure. Each
specific time point was represented by an individual subject (n =1) for each group
possessing identical clinical criteria. The experimental groups were designated as
follows: Control Group (Day 0): Establishes the baseline data to determine the
initial DNA integrity prior to subsequent degradation, Experimental Group | (Day
7): Designed to evaluate the early phase of DNA degradation, Experimental Group
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Il (Day 14): Formulated to observe the progression of degradation during the
intermediate phase, Experimental Group Il (Day 20): Intended to analyze the
detection limits and the extent of structural DNA damage during the advanced
phase. To enhance internal validity and instrumental reliability, technical
replications were performed in quintuplicate 5 times for each analytical
measurement within every experimental group. This replication strategy was
implemented to mitigate random experimental errors and to ensure that any
observed data fluctuations accurately reflected the actual degradation phenomena
within the samples, rather than procedural artifacts or pipetting variations.

Research Stages

Stage 1: Screening Diabetes Mellitus Patients

Screening involves testing fasting blood glucose (levels >126 mg/dL) and HbA1c
(=27%). Patients confirmed to have Diabetes Mellitus will proceed to the next stage.
Stage 2: Blood Sample Collection

Blood samples were taken from confirmed DM patients using a 3 mL EDTA
vacutainer tube.

Stage 3: Blood Sample Droplet on Filter Paper

The blood samples were dropped onto filter paper, divided into four sections. Each
section received one drop of blood, which was then left at room temperature. The
four time groups are: control, day 7, day 14, and day 20.

Stage 4: DNA Extraction and Isolation

DNA isolation from blood began by pipetting 0.5 cc of blood into a centrifuge tube.
DNAZzol reagent (1 cc) was added and vortexed for 15 minutes to ensure thorough
mixing. After adding chloroform (0.2 cc), the mixture was vortexed and incubated
for 10 minutes. The next step involved centrifugation at 8,000 rpm for 10 minutes
to separate the components. The supernatant was carefully transferred to a new
Eppendorf tube, and isopropanol (0.5 cc) was added to precipitate DNA, incubated
for 15 minutes, followed by centrifugation at 12,000 rpm for 10 minutes. The pellet
was washed with 70% ethanol and centrifuged again. The pellet was air-dried for
5 minutes, and 50 uL of sterile water was added *°.

Stage 5: DNA Concentration and Purity Measurement

DNA concentration and purity were determined by pipetting 10 uL of the isolated
DNA into an Eppendorf tube and adding 690 L of water. Spectrophotometry was
used to measure absorbance at wavelengths of 260 nm (A260) and 280 nm (A280).
DNA concentration was calculated using the formula OD A260 multiplied by the
dilution factor and 50 ng/pL. DNA purity was calculated by comparing absorbance
values at A260 and A280 (OD A260 / OD A280). DNA concentration and purity
measurements were repeated five times for the samples on days 7, 14, and 20%.

Stage 6: Data Analysis

Data obtained were analyzed using SPSS software for normality testing (Shapiro-
Wilk test) and parametric statistical analysis using One-Way ANOVA to compare
variations between time groups for DNA concentration and purity. The correlation
between FBG and DNA quality parameters (concentration and purity) was
established via Pearson correlation analysis. The calculation was mathematically
derived from the paired datasets of individual glycemic measurements and the
corresponding mean values of five-fold technical instrument repetitions.
underscore a robust time-dependent linear trend between elevated glucose and
DNA degradation during storage, despite the recognized limitations concerning the
number of independent biological observations?'.
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RESULTS AND DISCUSSION

Table 1 shows the characteristics of the samples and the measurement
results for DNA concentration and purity at various time points. The control sample
showed the highest Mean DNA concentration (1353.2 ng/uL) and DNA purity (1.71)
compared to samples stored on days 7, 14, and 20. The DNA concentration
decreased over time, from 1353.2 ng/uL in the control group to 354.2 ng/pL on day
20, indicating DNA degradation during storage'®. Meanwhile, DNA purity remained
relatively stable, slightly decreasing from 1.83 on day 7 to 1.74 on day 20.

Table 1. Baseline Characteristics of Participants with Diabetes Mellitus and DNA
Quality Measurements Across Storage Time Points

DNA )
- Storage Age FBG HbA1c . DNA Purity
Participant  Sex  “rine”  (Years) (mg/idl) (%) g]‘;r/‘ﬁf)mm:g (A260/A280), Mean
Al F__ Control 65 252 73 1353.2 171
A2 F_ Day7? 56 273 8.1 989.9 1.83
A3 F__ Dayl4 70 264 7.8 750.4 1.81
Ad F__ Day20 50 230 7.2 354.2 1.74

Note: FBG, fasting blood glucose; HbA1c, glycated hemoglobin. DNA concentration and purity values are
presented as the mean of five technical replicates for each participant.
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Figure 1. FBG with DNA Concentration and Purity

Figure 1. shows the changes in FBG (mg/dL), DNA concentration (ng/uL),
and DNA purity (A260/A280) across the various time points (Control, Day 7, Day
14, and Day 20). The graph illustrates that while FBG remained stable, DNA
concentration exhibited a significant decline over time. DNA purity showed a minor
decrease on day 20, though it remained within acceptable limits for forensic
analysis. The generally accepted threshold for DNA purity in forensic applications
is between 1.8 and 2.0%.

Figure 2 and 3 illustrates the variations in DNA concentration (ng/uL) and
DNA purity (A260/A280) at four different time intervals: Control, Day 7, Day 14, and
Day 20. The graph demonstrates a marked decrease in DNA concentration with
increased storage time, while DNA purity remained relatively constant, with only a
slight decline by day 20.
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Figure 2. Time Variation with DNA Concentration
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Figure 3. Time Variation with DNA Purity

Descriptive statistics and the results of the Shapiro—Wilk normality test are
presented in Table 2. DNA concentration showed a progressive decrease across
the predefined storage time points, from 1353.2 + 37.35 ng/uL at Day 0 (Control)
to 354.2 £ 9.96 ng/uL at Day 20. In contrast, DNA purity exhibited only minor
fluctuations throughout the storage period, with mean A260/A280 ratios ranging
from 1.71 £ 0.040 to 1.83 = 0.043. The Shapiro—-Wilk test, performed because of
the small sample size (n = 5 technical replicates per group), indicated that all DNA
concentration and DNA purity datasets were normally distributed, as all p-values
exceeded the significance threshold of 0.05. Therefore, the assumption of
normality required for parametric analysis was satisfied.

Variance homogeneity was subsequently evaluated using Levene's test.
The results indicated homogeneous variances for DNA purity (p > 0.05), whereas
DNA concentration violated the homogeneity assumption (p = 0.034).
Consequently, one-way ANOVA was performed for both variables, and the
Games—Howell post hoc test was selected for pairwise comparisons because it is
robust to unequal variances.
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Table 2. Results of the Shapiro—Wilk Normality Test for DNA Concentration and
DNA Purity Across Storage Time Points

Parameter Storage Time n* Mean = SD Shapiro-Wilk (p-value)
Day 0 (Control) 5 1353.2 £ 37.35 0.173
. Day 7 5 989.9 +3.99 0.704
DNA Concentration (ng/pL) Da§ 14 5 750.4 + 6.79 0157
Day 20 5 354.2 £9.96 0.767
Day 0 (Control) 5 1.71 £ 0.040 0.314
. Day 7 5 1.83 £0.043 0.107
DNA Purity (A260/A280) Day 14 5 1.81+0.038 0.613
Day 20 5 1.74 £ 0.030 0.777

Note: Shapiro—Wilk test was used to assess the normality of the data prior to parametric analysis. A p-value >
0.05 indicates that the data do not significantly deviate from a normal distribution. * n = 5 represents technical
replicates for each participant at each storage time point.

The one-way ANOVA results (Table 3) demonstrated that storage duration
had a statistically significant effect on DNA concentration, F(3,16) = 2260.539, p <
0.001. The between-group variation (SS = 2,639,927.898; MS = 879,975.966) was
substantially greater than the within-group variation (SS = 6,228.432; MS =
389.277), indicating a marked decline in DNA concentration across the storage
time points. Similarly, storage duration significantly affected DNA purity, F(3,16) =
11.724, p < 0.001. The between-group mean square (MS = 0.017) exceeded the
within-group mean square (MS = 0.001), indicating significant differences in DNA
purity among the storage time groups. Overall, these findings indicate that storage
duration significantly influenced both DNA concentration and DNA purity,
supporting the presence of measurable changes in DNA quality across the
predefined storage intervals.?'?®

Table 3. One-Way ANOVA Results for DNA Concentration and DNA Purity Across
Storage Time Points

Parameter Source of Variation SS df MS F p-value
Between groups 2,639,927.898 3 879,975.966
DNA Concentration  Within groups 6,228.432 16 389.277 2260.539  <0.001
Total 2,646,156.330 19
Between groups 0.052 3 0.017
DNA Purity Within groups 0.024 16 0.001 11.724 <0.001
Total 0.076 19

Note: SS = Sum of Squares; MS = Mean Square; df = degrees of freedom. One-way ANOVA was performed to
compare DNA concentration and DNA purity across storage time points

Table 4. Effect of Storage Duration on DNA Concentration and DNA Purity Using
Games-Howell Post Hoc Test

Storage n DNA Concentration Post hoc DNA Purity Post hoc

Duration Mean * SD Notation Mean + SD Notation
Day 0 (Control) 20 1353.2 £ 37.35 a 1.71 £ 0.040 a
Day 7 20 989.9 +3.99 b 1.83 £ 0.043 b
Day 14 20 750.4 £ 6.79 c 1.81 £ 0.038 c
Day 20 20 354.2 £9.96 d 1.74 £ 0.030 d

Note : Data are expressed as Mean + Standard Deviation (SD). Different superscript letters (a, b, c, d) within the
same column indicate statistically significant differences between storage duration groups based on Games-
Howell post hoc test (p<0.05).

The effect of storage duration on genomic parameters was evaluated using
a One-Way ANOVA. Due to the violation of the homogeneity of variances
assumption (Levene's test, p < 0.05), Games-Howell post hoc test was employed
to determine specific pairwise differences, as summarized in Table 4. The analysis
revealed that storage duration significantly impacted both DNA concentration and
DNA purity across all examined time points (p < 0.05).

For DNA concentration, a severe and continuous degradation trend was
observed. The baseline concentration of 1353.2+37.35 ng/uL in the control group
(Day 0) significantly dropped to 989.94£3.99 ng/uL on Day 7, followed by a further
decline to 750.416.79 ng/uL on Day 14, and reached its lowest yield on Day 20
at 354.24+9.96 ng/uL. Each storage interval demonstrated distinct, non-overlapping

pg. 123



Egita W.P. et al Jurnal Teknologi Laboratorium 1 (2026)
post hoc notations (a, b, ¢, d), confirming that the reduction in DNA quantity at each
progressive time point was statistically significant under unequal variances.

Concurrently, DNA purity also exhibited statistically significant fluctuations
throughout the storage period (p < 0.05). The purity ratio altered significantly from
the initial control baseline (1.711£0.040, notation a) to Day 7 (1.83+0.043,
notation b) and Day 14 (1.81+0.038, notation c). By Day 20, the purity value shifted
again to 1.74+0.030 (notation d). The distinct post hoc notation for each group
underscores that every examined storage duration uniquely and significantly
influenced the resulting DNA purity values.

Table 5. Shapiro—Wilk Normality Test for FBG with DNA Concentration and DNA
Purity

Parameter FBG (mg/dL) Shapiro-Wilk Statistic (W) n* p-value
252 0.967 5 0.853
. 230 0.902 5 0.421
DNA Purity 264 0.961 5 0.814
273 0.881 5 0.314
252 0.964 5 0.837
. 230 0.961 5 0.814
DNA Concentration 264 0.817 5 0.111
273 0.881 5 0.314

Table 5 presents the results of the Shapiro-Wilk normality test with FBG as a
category, showing that the data for both DNA purity and DNA concentration are
normally distributed at all FBG levels tested, as all p-values were greater than
0.05."

Table 6. Pearson Correlation Analysis Between Fasting Blood Glucose (FBG) and
DNA Quality Parameters

Variable 1 Variable 2 Pearson's r p-value n*
FBG DNA Purity 0.093 0.683 20
FBG DNA Concentration -0.996 <0.001 20

Note: Pearson's correlation coefficient (r) was used to evaluate the linear relationship between fasting blood
glucose (FBG) and DNA quality parameters. * n = 20 represents technical replicate measurements and should
not be interpreted as independent biological observations.

Because the correlation analysis was performed using technical replicate measurements, the results primarily
reflect measurement consistency within the experimental dataset and should not be interpreted as population-
level biological associations.

The Pearson correlation analysis (Table 6) demonstrated statistical
associations between fasting blood glucose (FBG) and the measured DNA quality
parameters. FBG levels showed a negligible correlation with DNA purity (r= 0.093,
p = 0.683) and strong correlation with DNA concentration (r = -0.996, p < 0.001).
These findings indicate that FBG levels have a selective, powerful linear impact
primarily on DNA concentration rather than purity; however, the results should be
interpreted cautiously because the correlation analysis was based on technical
replicate measurements rather than independent biological observations.

The progressive decline in DNA concentration observed over time suggests a
compromised molecular stability in samples from Diabetes Mellitus (DM) patients.
This phenomenon can be explained by established biochemical models, where
chronic hyperglycemia is understood to exacerbate metabolic stress, potentially
increasing free radical production and leading to subsequent cellular damage that
affects DNA integrity?*. The findings of this study show that DNA concentration in
the control group (1353.2 ng/pL) was higher than in samples taken on day 7 (989.9
ng/uL), day 14 (750.4 ng/uL), and day 20 (354.2 ng/uL). This significant decrease
indicates that DNA degradation occurs over time, triggered by internal factors such
as chronic inflammation and metabolic disturbances?*?°. The temporal parameters
employed in this study (Day O to Day 20) served as a functional stress test to
assess the inherent stability of DNA derived from Diabetes Mellitus (DM) patients.
The use of different individuals with uniform clinical criteria (HbA1c and FBG) is an

pg. 124



Egita W.P. et al Jurnal Teknologi Laboratorium 1 (2026)
effort to observe representative degradation patterns in the DM patient population,
so that the research results are not biased by one individual's genetic profile alone.
Rather than merely observing storage induced decay, the time dependent
degradation observed highlights the compromised molecular integrity of the
samples. These findings suggest that the altered metabolic environment in
individual DM patients is suggested to have a potential role in predisposing DNA
to fragmentation. Consequently, the rapid decline in DNA quality over time serves
as a proxy for the reduced biological stability of the genome in individuals with DM,
which has critical implications for the reliability of forensic genetic profiling. DNA
purity also decreased, although it remained somewhat more stable than DNA
concentration, from 1.92 in the control group to 1.73 on day 20. This suggests
increasing contamination or DNA damage over time. Literature suggest that a
major factor contributing to DNA degradation in diabetes patients is oxidative
damage, which is driven by increased free radicals due to hyperglycemia?®?’.
Correlation results found no significant difference in purity between days 7 and 14
(p > 0.05), indicating that DNA purity may remain relatively stable despite a
decrease in DNA concentration, especially during shorter storage periods (e.g.,
between days 7 and 14). The significant decrease in DNA concentration directly
impacts the quality of forensic analysis?®®. To evaluate the linear relationship
between metabolic and genomic parameters, a Pearson correlation analysis was
executed specifically to determine the strength and direction of the association
between fasting blood glucose (FBG) levels and downstream DNA metrics, namely
concentration and purity (A260 / A280). It is critical to clarify that this correlation
matrix was constructed by treating the mean values derived from the five technical
replicates of each biological time-point as individual data points, rather than pooling
independent biological subjects. The resulting correlation coefficients (r = -0.996
for concentration and r = 0.097 for purity) should be interpreted as a reflection of
technical trend consistency rather than generalized population wide biological
covariation. Degraded DNA will not yield accurate results for techniques such as
PCR, which require high quality DNA?**° This distinction is highly relevant for
downstream molecular applications. While degraded or low concentration DNA can
severely compromise the accuracy of techniques such as PCR which inherently
require high quality and sufficient template DNA the stability of DNA purity
observed here suggests that the metabolic state primarily threatens DNA vyield.
This study demonstrates that elevated FBG levels adversely affect DNA
concentration in DM patients, potentially influencing the availability of amplifiable
material for applications like forensic identification. Therefore, understanding how
diabetes selectively impacts DNA metrics is essential for optimizing DNA analysis
sensitivity, particularly when adopting advanced technologies designed to work
with limited or compromised samples®'.

Limitation of the study, The authors acknowledge several limitations in this
study. First, due to practical constraints in sample procurement, temporal
degradation was not observed longitudinally from the same individual; rather, each
time point was represented by distinct subjects with variations in age, HbA1c, and
FBG levels. Consequently, the observed changes reflect inter-individual variations
rather than true temporal degradation within a single subject. Second, the small
sample size (n=4) and the absence of a healthy control group limit the
generalizability of the findings. Lastly, the mechanistic pathway linking
hyperglycemia to DNA damage was not validated through specific oxidative stress
biomarkers, such as ROS assays. Future studies with larger, longitudinal cohorts
and standard control groups are warranted to confirm these preliminary
observations.
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CONCLUSION

The results of this study show that DNA concentration in Diabetes Mellitus
(DM) patients with high FBG levels significantly impacts DNA quality, where DNA
concentration decreases over time, indicating DNA degradation potentially by
hyperglycemia. While DNA purity remained relatively stable on days 7 and 14, a
more significant decline occurred on day 20, suggesting that extended storage
duration cohorts exhibit lower DNA quality parameters, highlighting a potential
vulnerability of genetic material under these specific metabolic conditions, which
affects DNA concentration more significantly than DNA purity, potentially
influencing the accuracy of forensic and genetic analyses. Overall, longer storage
durations and higher FBG levels may be associated with reduced DNA quality.
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