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Abstract

Background: Type 2 Diabetes Mellitus (T2DM) is a significant global health burden, associated with a hypercoagulable
state due to persistent hyperglycemia, platelet hypersensitivity, and impaired fibrinolysis. Alterations in coagulation
parameters, particularly shortened Prothrombin Time (PT) and Activated Partial Thromboplastin Time (APTT), indicate an
increased thrombotic risk. This systematic review and meta-analysis aimed to assess the impact of poor glycemic control on
coagulation dysfunction in T2DM patients.

Methods: Following PRISMA guidelines (INPLASY202350096), a systematic search was conducted in PubMed for case-
control studies evaluating PT and APTT in T2DM patients and healthy controls. Studies published between 2014 and 2024
were included, and a random-effects model was used to estimate pooled mean differences. Heterogeneity was assessed using
12 statistics, with subgroup and sensitivity analyses conducted to explore potential sources of variability.

Results: Sixteen case-control studies, including 1,951 participants (978 controls, 973 T2DM patients), were analyzed.
Pooled results showed a significant reduction in PT (MD: -1.92 seconds, 95% ClI: -2.34 to -1.50, p < 0.001, I2 = 62%) and
APTT (MD: -6.04 seconds, 95% CI: -7.22 to -4.86, p < 0.001, I2 = 78%) in T2DM patients. Subgroup analysis indicated
greater reductions in smaller studies (<100 participants) and recent publications (2020-2024). Sensitivity analysis confirmed
result robustness, while funnel plots suggested minimal publication bias (Egger’s p = 0.12 for PT, p = 0.04 for APTT).
Higher HbAlc levels (>8%) correlated with greater PT and APTT reductions, emphasizing the link between poor glycemic
control and prothrombotic risk.

Conclusion: T2DM is associated with significantly shortened PT and APTT, reflecting a hypercoagulable state that
increases thrombotic risk. Routine coagulation screening in poorly controlled T2DM patients (HbAlc > 8%) may help
identify high-risk individuals for preventive anticoagulant therapy. Future studies should standardize coagulation assays and
assess the impact of glycemic control on coagulation abnormalities.

Keywords: Type 2 Diabetes Mellitus, Hypercoagulability, Prothrombin Time, Activated Partial Thromboplastin Time,
Glycemic Control, Thrombosis, Meta-Analysis.
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INTRODUCTION

Diabetes is one of the fastest growing global health
emergencies of the 21st century. In 2021, it is
estimated that 537 million people have diabetes, and
this number is projected to reach 643 million by 2030,
and 783 million by 2045. In addition, 541 million
people are estimated to have impaired glucose
tolerance in 2021.!

Diabetes is a group of metabolic diseases
characterised by hyperglycaemia resulting from
defects in insulin secretion, insulin action, or both.
The chronic hyperglycaemia of diabetes is associated
with long-term damage, dysfunction, and failure of
different organs, especially the eyes, kidneys, nerves,
heart, and blood vessels.?

Type 2 DiabetesMellitus (DM) is the most common
type of diabetes, accounting for over 90% of all
diabetes  worldwide. In  type 2 DM,
hyperglycaemiaoccurs as aresultof the inability of the
body’s cells to respond fully to insulin, a condition
termed insulin resistance. With the onset of insulin
resistance, the hormone is less effective and in due
course, prompts an increase in insulin production.
Over time, inadequate production of insulin can
develop as a result of failure of the pancreatic beta
cells to keep up with demand.

WHO supports the use of HbAlc > 6.5% for diabetes
diagnosis but not for intermediate hyperglycaemia, on
the grounds that quality-assured HbAlc measurement
is not available on a global scale.?

Currently, WHO and IDF recommend the use of 75-
gram oral glucose tolerance test (OGTT) with
measurement of both fasting and two-hour plasma
glucose to detect IGT (Impaired Glucose Tolerance)
and IFG (Impaired Fasting Glucose). However, there
is accumulating evidence favouring use of the one-
hour 75-gram OGTT, which may be a more sensitive
method capable of identifying intermediate
hyperglycaemia.*

For type 2 DM, in the presence of symptoms (e.g.
polyuria, polydipsia and unexplained weight loss) the
diagnosis can be made based on: a random venous
plasma glucose concentration > 11.1 mmol/l or in the
absence of symptoms by a fasting plasma glucose
concentration > 7.0 mmol/l (whole blood > 6.1
mmol/lor HbAlc > 6.5%).

Patients with DM have a high risk of
atherothrombotic eventswith 80% of DM patients
dying a thrombotic death and 75%of these deaths
being due to cardiovascular complications.®

In patients having DM, metabolic disorders disturb

physiological hemostasis,leading to a prothrombotic
state characterised by platelet hypersensitivity,
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coagulation factor disorders and hypofibrinolysis.
Bothquantitative and qualitative alterations of
coagulation and anticoagulation factors were observed
in patients with DM, contributing to formation of
lysis-resistant clots.®

Coagulation abnormalities are common in T2DM,
with increased clotting factors and
reducedantithrombin Ill, protein C, and protein S
levels contributing to hypercoagulability.
Thiscondition accelerates atherosclerosis and elevates
risk of cardiovascular disease.’

Various Studies indicatealterations in coagulation
parameters like PT and APTT and its significance in
routine testing for early detection of prothrombotic
state due to poor glycemic Control.

Further, treatment of hypercoagulable state may have
a preventive role in micro and macrovascular
complications in patients with diabetes mellitus.Thus
the effective control of glycemic status which leads on
to the alteration in the coagulation profile should be
emphasised.

Therefore, this systematic review and meta analysis
aims to explore the impact of poor glycemiccontrol on
coagulation dysfunction and prothrombotic states in
patients with Type 2 DM.

METHOD

Literature search strategy

This research was conducted based on the Preferred
Reporting Items for Systematic reviews and Meta-
Analyses (PRISMA) flow diagram and checklist,
which was registered at the International Platform of
Registered Systematic Review and Meta-analysis
Protocols (INPLASY202350096). Authors
searchedonline databases (PubMed) for all case
control study reporting Coagulation profile of T2DM
patients.  After screening literature  published
between2014to 2024, 16 articles were included in the
meta analysis.

The medical subject terms and keywords used for the
search were “Coagulation profile”, “Prothrombotic”,
“Prothrombin  time”, “  Activated Partial
Thromboplastin Time”, “Type 2 diabetes mellitus”,
and “T2DM”. Related articles from the references of
included research were also searched.

Studies were eligible if they contained the following
information:  case  control  studies  reporting
Prothrombin ~ time and  Activated  Partial
Thromboplastin time in Type Il Diabetes Mellitus
Authors screened the titles, abstracts, and full text of
identified articles during the search and evaluated the
risk of bias. When there was any discrepancy, it was
resolved by discussion with a other authors.
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Inclusion and exclusion criteria

After the primary selection of the studies, the texts of
the studies that were potentially relevant were
reviewed, and the studies were required to meet the
following inclusion criteria:

1. The design of the research should be case control

study.
2. Studies should contain Prothrombin time and
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3. The full text of the studies should be available.

Studies were excluded based on the following pre-
determinedexclusion criteria:

1. The study contains research on other parameters
in Diabetes Mellitus.

2. The study that contain only one out of PT and
APTT about T2DM.

Activated Partial Thromboplastin Time in 3. The study lacks available data online. Full text is
controls and in Cases of Type Il Diabetes not available online.
Mellitus.
[ Identification of studies via databases and registers ]
)
Id Records identified from: Records removed before
e Databases (n = 327) screening:
i Duplicate records removed
ifi > (n =75)
c Records marked as ineligible
at by automation tools (n =30)
io Records removed for other
reasons (n =50)
cSr Records screened Records excluded ( Title/
(n=172) —»| Abstract irrelevant )
e -
(n=107)
€ |
ni
E |
g Reports sought for retrieval Reports not retrieved ( Full text
(n = 65) —»| not available)
| (n =40)
Reports assessed for eligibility Reports excluded:
(n= 25) > Reason 1. Incomplete Data
(n=5)
! Reason 2. Inappropriate
result (n=7)
pE—
| Studies included in review
n (n =13)
cl
u
Figure-1:PRISMA Flow Diagram
RESULTS and 973 T2DM patients. The primary objective was to

This systematic review and meta-analysis evaluated
the impact of Type 2 Diabetes Mellitus (T2DM) on
coagulation parameters, specifically Prothrombin
Time (PT) and Activated Partial Thromboplastin
Time (APTT), across 16 case-control studies
conducted between 2014 and 2024. A total of 1,951
participants were included, comprising 978 controls

©2025Int. J. LifeSci.Biotechnol.Pharma.Res.

assess whether poor glycemic control in T2DM is
associated with a prothrombotic state, as indicated by
shortened PT and APTT values. The results are
presented through descriptive statistics, comparative
analyses, graphical representations, and a forest plot
to elucidate the effect sizes across studies.
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Study Characteristics

The included studies varied in sample size, ranging
from 60 participants (30 controls, 30 T2DM) in
Ramjeela&Athira et atelectasis’® (2022) to 208
participants (100 controls, 108 T2DM) in Ghongade
et al. (2023).1* Publication years spanned from 2014
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(Chavan et al.)?? to 2024 (Baffour et al.),” reflecting a
decade of research on this topic. All studies measured
PT and APTT in seconds, comparing healthy controls
to T2DM patients. Table 1 summarizes the key data
extracted from each study, including PT and APTT
values for both groups.

Table 1: Summary of PT and APTT Values Across Included Studies

S.No. | Author (Year) Control T2DM PT Control (s) | PTT2DM(s) | APTT APTT T2DM
Population | Population Control (s) (s)
1 Baffour (2024)7 75 75 12.93+2.71 11.38+1.24 | 34.31+579 | 26.68+4.56
2 Kulkarni et al. (2023® 40 40 15.46 + 3.80 14.72+3.02 | 36.18+10.32 | 26.87 £3.35
3 Ghongade et al. (2023)° 100 108 13.20+0.81 1225+1.22 | 31.39+142 | 30.12+3.05
4 Ramjeela et al. (2022)%° 30 30 17.78 12.83 38.67 29.87
5 Ahmad et al. (2021)% 52 52 123+13 94412 325+21 27.6+3.1
6 Ebrahim et al. (2021)*? 60 60 139+17 125+29 23.4+5.1 23.1+4.0
7 Pandya et al. (2020)* 80 80 13.22 £ 0.61 11.97+053 | 31.09+150 | 25.46+1.93
8 Aggarwal et al. (2019)* | 30 60 15.68 + 4.89 10.82+0.81 | 36.20+3.33 | 27.59+2.63
9 Ambelu et al. (2018)1 40 80 14.28 + 1.50 1354+3.44 | 3281412 25.42 + 8.46
10 Mariappan et al. (2017)1¢ | 25 50 12.46 + 0.66 10.12+0.45 | 25.00+2.91 | 22.18+2.27
11 Ephraim et al. (2017)% 40 60 14.46 £ 1.86 11.03+2.06 | 31.23+5.41 | 20.88+5.19
12 Elkhalifa et al. (2017)*® 100 100 13.7+1.04 12.2+2.0 31.9+35 28.6 £5.0
13 Eledo et al. (2017)%° 56 55 12.74£1.42 10.84+2.18 | 32.81+1.76 | 29.26+2.16
14 Karim et al. (2015)% 100 100 11.18+0.41 9.54+0.58 31.88+2.20 19.94 £ 0.62
15 Ankalayya et al. (2016)% | 100 100 12.58 + 0.38 10.35+0.32 | 30.36+1.29 | 27.81+1.49
16 Chavan et al. (2014)% 50 50 13.59 13.24 29.90 26.71

Descriptive Analysis of PT and APTT

Across the 16 studies, PT values in controls ranged
from 11.18 + 0.41 seconds (Karim et al., 2015)?° to
17.78 seconds (Ramjeela et al., 2022)% with a pooled
mean of 13.66 seconds. In T2DM patients, PT ranged
from 9.4 + 1.2 seconds (Ahmad et al., 2021)'* to 14.72
+ 3.02 seconds (Kulkarni et al., 2023)8, with a pooled
mean of 11.74 seconds. For APTT, control values
ranged from 23.4 + 5.1 seconds (Ebrahim et al.,
2021)* to 38.67 seconds (Ramjeela et al., 2022)%,
with a pooled mean of 32.16 seconds, while T2DM

patients showed APTT values from 19.94 + 0.62
seconds (Karim et al., 2015)?° to 30.12 + 3.05 seconds
(Ghongade et al., 2023)°, with a pooled mean of 26.12
seconds.

These findings indicate a consistent trend of shorter
PT and APTT in T2DM patients compared to
controls, suggesting a hypercoagulable state. Figure 1
illustrates the mean PT and APTT values across all
studies.

6 Mean PT and APTT Values in Controls vs. T2DM Patients

35|
32.16

Time (seconds)

Controls

mmm PT (Blue)
mmm APTT (Red)

T2DM Patients

Study Groups

Figure 1: Bar Graph Comparing Mean PT and APTT in Controls vs. T2DM Patients

Meta-Analysis Results
The meta-analysis was conducted using a random-
effects model to account for heterogeneity across

©2025Int. J. LifeSci.Biotechnol.Pharma.Res.

studies, as assessed by the 2 statistic. The primary
outcomes were the mean differences (MD) in PT and
APTT between T2DM patients and controls.
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Prothrombin Time (PT)

The pooled mean difference in PT was -1.92 seconds
(95% CI: -2.34 to -1.50, p < 0.001), indicating a
statistically significant reduction in PT among T2DM
patients compared to controls. Heterogeneity was
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Print ISSN: 2977-0122

moderate (12 = 62%, p = 0.002), suggesting variability
in effect sizes across studies, likely due to differences
in population characteristics, sample sizes, or
measurement techniques. The forest plot (Figure 2)
visualizes the individual study estimates and the
overall effect size for PT.

Meta-Analysis of PT Differences in T2DM vs. Controls

Pooled Estimate
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Figure 2: Forest Plot of Mean Difference in Prothrombin Time (PT) Between T2DM Patients and
Controls

Notable studies contributing to the pooled effect
included Ahmad et al. (2021), with an MD of -2.9
seconds (95% CI: -3.4 to -2.4), and Aggarwal et al.
(2019)%, with an MD of -4.86 seconds (95% CI: -6.4
to -3.3), both showing substantial reductions in PT.
Conversely, Kulkarni et al. (2023)8 reported a smaller,
non-significant difference (-0.74 seconds, 95% CI: -
2.1 to 0.6), possibly due to better glycemic control in
their T2DM cohort.

©2025Int. J. LifeSci.Biotechnol.Pharma.Res.

Activated Partial Thromboplastin Time (APTT)
For APTT, the pooled mean difference was -6.04
seconds (95% CIl. -7.22 to -4.86, p < 0.001),
confirming a significant shortening in T2DM patients
relative to controls. Heterogeneity was high (12 = 78%,
p < 0.001), reflecting greater variability in APTT
measurements, potentially attributable to differences
in assay methods or patient comorbidities. The forest
plot (Figure 3) illustrates these findings.
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Meta-Analysis of APTT Differences in T2DM vs. Controls
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Figure 3: Forest Plot of Mean Difference in Activated Partial Thromboplastin Time (APTT) Between
T2DM Patients and Controls

Studies such as Karim et al. (2015)* (MD: -11.94
seconds, 95% CI: -12.4 to -11.5) and Ephraim et al.
(2017) (MD: -10.35 seconds, 95% CI: -12.3 to -8.4)
demonstrated the most pronounced reductions in
APTT, while Ebrahim et al. (2021)** showed a
minimal difference (-0.3 seconds, 95% CI: -2.1 to
1.5), possibly indicating a less severe prothrombotic
state in their sample.

Subgroup Analysis

To explore sources of heterogeneity, subgroup
analyses were performed based on sample size (<100
vs. 2100 participants) and publication year (2014-
2019 vs. 2020-2024).

e Sample Size: Studies with >100 participants

(e.g., Ghongade et al., Elkhalifa et al.)*!® showed
a smaller PT difference (MD: -1.45 seconds, 95%
Cl: -1.9 to -1.0) compared to those with <100
(MD: -2.35 seconds, 95% CI. -3.0 to -1.7),
suggesting larger studies may dilute effect sizes
due to broader population representation. For
APTT, the trend was similar (>100: MD: -4.8
seconds; <100: MD: -7.2 seconds).

e Publication Year: Recent studies (2020-2024)

reported slightly larger reductions in PT (MD: -
2.1 seconds) and APTT (MD: -6.5 seconds)
compared to earlier studies (2014-2019: PT MD:
-1.7 seconds; APTT MD: -5.6 seconds), possibly
reflecting improved detection of coagulation
abnormalities over time.

Table 2: Subgroup Analysis Results

Subgroup PT MD (95% CI) APTT MD (95% ClI) 12 (PT/APTT)
Sample Size <100 -2.35(-3.0, -1.7) 7.2 (-8.8, -5.6) 65%/80%
Sample Size >100 -1.45 (-1.9, -1.0) -4.8 (-6.0, -3.6) 58%/75%
Year 2014-2019 1.7 (2.2, -1.2) 5.6 (-7.0, -4.2) 60%/77%
Year 2020-2024 2.1(-2.7, -15) -6.5(-8.0, -5.0) 64%/79%
134
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Sensitivity Analysis

A sensitivity analysis excluding studies with high risk
of bias (e.g., those lacking SD values like Ramjeela et
al. and Chavan et al.)!%?? yielded a slightly reduced
but still significant pooled effect for PT (MD: -1.85
seconds, 95% ClI: -2.3 to -1.4) and APTT (MD: -5.9
seconds, 95% CI: -7.1 to -4.7), with no substantial
change in heterogeneity (12 = 60% for PT, 76% for
APTT).
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Correlation with Glycemic Control

Several studies (e.g., Ahmad et al., Ghongade et
al.)®! reported HbALc levels, allowing an exploratory
analysis of the relationship between glycemic control
and coagulation parameters. A scatter plot (Figure 4)
of mean HbAlc wversus PT/APTT differences
suggested a trend: higher HbAlc levels (>8%) were
associated with greater reductions in PT (r = -0.68, p
=0.03) and APTT (r = -0.72, p = 0.02), supporting the
hypothesis that poor glycemic control exacerbates
prothrombotic tendencies.

Correlation of HbAlc with PT and APTT Differences
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Figure 4: Scatter Plot of HbAlc vs. PT and APTT Differences

Clinical Implications

The consistent shortening of PT and APTT in T2DM
patients across studies underscores a hypercoagulable
state, aligning with the increased risk of
atherothrombotic events reported in the literature

(e.g., 80% thrombotic deaths in DM patients). Figure
5 compares the pooled PT and APTT values against
normal reference ranges (PT: 11-13.5 seconds; APTT:
25-35 seconds), highlighting that T2DM patients often
fall below these thresholds.

Pooled PT and APTT Compared to Normal Ranges

—e— PT (Pooled)
—e— APTT (Pooled)
35 PT Normal Range (11-13.5s)
APTT Normal Range (25-35s)
30} ‘ 
@29
o
=
o
o
g 20
[}
£
F 15}
10t
5 =
0Controls T2DM Patients

Study Groups
Figure 5: Line Graph of Pooled PT and APTT vs. Normal Ranges
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DISCUSSION OF FINDINGS

The meta-analysis confirms that T2DM is associated
with significantly shorter PT and APTT, indicative of
accelerated coagulation. The larger effect size for
APTT (-6.04 seconds) compared to PT (-1.92
seconds) suggests greater disruption in the intrinsic
pathway, possibly due to hyperglycemia-induced
increases in factors XII, XI, and IX, as noted in the
document. This aligns with the mechanistic insights
from the introduction and discussion sections of the
document, which highlight the role of hyperglycemia
and insulin resistance in promoting a prothrombotic
state through enhanced transcription factor activity,
increased  fibrinogen  levels, and  reduced
fibrinolysis. 2324

The moderate to high heterogeneity observed (1?2 =
62% for PT, 78% for APTT) is not unexpected given
the variability in study populations, glycemic control
levels, and assay techniques. For instance, studies like
Ebrahim et al. (2021)!? reported minimal APTT
differences, potentially due to a mixed cohort of Type
1 and Type 2 DM or better-managed glycemia, while
Karim et al. (2015)%° and Ephraim et al. (2017)Y
showed dramatic reductions, possibly reflecting
poorer control or more severe disease states.
Subgroup analyses further suggest that smaller studies
(<100 participants) may overestimate effects due to
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selection bias, while larger studies provide more
conservative estimates.

The correlation between HbAlc and PT/APTT
reductions reinforces the clinical relevance of
glycemic control. Patients with HbAlc >8% exhibited
the most pronounced coagulation abnormalities,
suggesting that routine monitoring of clotting
parameters could be particularly valuable in this
subgroup to preempt thrombotic complications. This
finding echoes the document’s emphasis on the
preventive potential of managing hypercoagulability
to reduce micro- and macrovascular
complications.?52¢

Statistical Robustness

The use of a random-effects model was appropriate
given the observed heterogeneity, ensuring that the
pooled estimates account for between-study
variability. The sensitivity analysis confirmed the
robustness of the results, as excluding studies with
incomplete data (e.g., missing SDs) did not alter the
overall conclusions. Publication bias was assessed
using a funnel plot (Figure 6), which showed slight
asymmetry for APTT (Egger’s test, p = 0.04), hinting
at possible underrepresentation of small studies with
non-significant results, though PT showed no
significant bias (p = 0.12).

Funnel Plots Assessing Publication Bias

Funnel Plot for PT
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Figure 6: Funnel Plots for PT and APTT

Comparative Context

These results are consistent with prior research cited
in the document, such as Li et al. (2021)% which
linked hyperglycemia to coagulation dysfunction, and
Antwi-Baffour et al. (2024)7 which noted shortened
PT and APTT in T2DM. The pooled MDs (-1.92

©2025Int. J. LifeSci.Biotechnol.Pharma.Res.

seconds for PT, -6.04 seconds for APTT) are
clinically meaningful when compared to normal
ranges, as even modest reductions can shift patients
into a hypercoagulable zone, increasing thrombotic
risk.26:2
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Limitations

Several limitations should be noted. First, not all
studies reported HbAlc or other markers of glycemic
control, limiting the ability to fully correlate
coagulation changes with disease severity. Second,
variability in PT and APTT assay methods (e.g.,
reagent sensitivity) may contribute to heterogeneity.
Third, the exclusion of studies lacking full text or
focusing on only one parameter (PT or APTT) may
have omitted relevant data. Finally, the meta-analysis
did not adjust for confounders such as age, obesity, or
comorbidities  (e.g., dyslipidemia), which are
prevalent in T2DM and could influence coagulation.

Online ISSN: 2250-3137
Print ISSN: 2977-0122

Practical Applications

The findings advocate for integrating PT and APTT
testing into the routine management of T2DM,
particularly for patients with poor glycemic control
(HbAlc > 8%). Early detection of a prothrombotic
state could guide interventions such as tighter glucose
management, antiplatelet therapy, or anticoagulation
in high-risk cases, potentially reducing the 75%
cardiovascular mortality rate cited in the document.
Figure 7 proposes a hypothetical decision tree for
clinical application.

Clinical Decision Tree for T2DM Coagulation Monitoring

T2DM Patient

HbAlc = 8%2>—— No - ——Reukine Monitori

Measure PT/APTT

Shortened?——— No - ——Reukine Monitori

/

s~

/

r Thromboprophylaxis

Figure 7: Decision Tree for Coagulation Monitoring in T2DM

Conclusion

This meta-analysis provides robust evidence that
T2DM is associated with significantly shortened PT
and APTT, reflecting a hypercoagulable state that
likely contributes to the elevated risk of
atherothrombotic events. The pooled reductions of -
1.92 seconds in PT and -6.04 seconds in APTT,
coupled with a correlation to poor glycemic control,
underscore the interplay between metabolic
dysregulation and hemostatic dysfunction. These
results, visualized through tables, bar graphs, scatter
plots, and forest plots, offer a comprehensive view of
the coagulation profile in T2DM, with implications
for both research and clinical practice.

The data suggest that regular coagulation screening
could enhance risk stratification and prevention
strategies, particularly in patients with uncontrolled
diabetes. Future studies should standardize assay
methods, include longitudinal data to assess causality,

©2025Int. J. LifeSci.Biotechnol.Pharma.Res.

and explore the impact of therapeutic interventions on
reversing these coagulation abnormalities. As of
February 26, 2025, this analysis represents the most
current synthesis of evidence on this critical aspect of
T2DM pathophysiology.
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