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HIGHLIGHTS ABSTRACT

1. Platelet to lymphocyte ratio indic- Introduction: Diabetes mellitus (DM) is a widespread chronic disease,
ates inflammation levels. often leading to complications like diabetic foot ulcers (DFU), which can
f.-HfighterlratiosSuggestse"erediabe‘ result in infections, osteomyelitis, or amputations. The platelet-to-
1C Toot ulcers. . . .

3. Lower ratios may indicate better ]ymphocy?e rat19 (PLR), an mﬂamr.natory rflarker. may predict e.ldverse
healing potential. outcomes in various conditions. This study investigates the relationship
4. Monitoring can guide treatment between PLR and DFU severity in type 2 diabetes mellitus (T2DM)
strategies effectively. atients, focusing on its potential to predict ulcer severity and patient
5. Ratio differences highlight under- P ’ ) g_ P ) p . . Y p

lying health issues. outcomes. Objective: The primary objective of this study was to assess

the association between PLR and diabetic foot ulcers in T2DM patients,
and to evaluate PLR as a prognostic marker for outcomes such as wound

ARTICLE INFO severity, reamputation, and mortality. Methods: This hospital-based,
prospective observational study included 118 participants, divided into
Handling Editor: Dr. S. K. Singh two groups: 59 patients with DFU and 59 controls without DFU.

Peripheral venous blood samples were collected to measure PLR, and
HbAlc levels were recorded for glycemic control assessment. Data were

Key words: analyzed using multivariate logistic regression to determine the
Diabetes mellitus relationship between PLR and DFU severity based on Wagner's
Diabetic foot ulcers classification. Results: The mean PLR was significantly higher in patients
Wagner's classification with DFU (192.14 + 95.77) compared to controls (144.15 + 75.25), p < 0.001.
HbAle HbAlc levels were also elevated in the DFU group (10.03 + 2.19 vs. 8.06 =
Prognostic marker 2.14, p < 0.001). PLR was positively correlated with Wagner's DFU grade (p
= 0.038), indicating its potential as a marker for assessing ulcer severity.
Conclusion: PLR is a simple, costeffective marker that could help predict
the severity of diabetic foot ulcers and identify patients at higher risk of
adverse outcomes. Its inclusion in routine diagnostic workups may
improve the early detection and management of diabetic complications.
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INTRODUCTION

Diabetes mellitus (DM) is a significant global health
issue, particularly prevalent among individuals from
lower socioeconomic backgrounds. This chronic
condition has a profound impact on patients' quality
of life, as it often leads to severe complications if not
properly managed (1). Approximately 10% of the
population is affected by DM and its related comp-
lications, which can worsen over time, especially in
poorly controlled cases. Among the most common
complications are peripheral neuropathy, vascu-
lopathy, and foot abnormalities, which tend to occur
inthe advanced stages of the disease (2).

Peripheral neuropathy and vasculopathy are two
major issues that significantly affect individuals with
DM. These complications can result in the deve-
lopment of treatmentresistant chronic ulcers, diab-
etic arthropathies, and osteomyelitis 3). As these
conditions progress, they become harder to manage
and often lead to severe consequences such as limb
amputation. Early intervention in the form of wound
care, debridement, and the use of tissue flaps can
sometimes prevent these outcomes, but once the
disease reaches a critical stage, amputation may be
the only option for preserving the patient's health
and quality of life (4).

Determining the appropriate level of amputation in
diabetic patients is a challenging task for healthcare
providers. Several factors need to be carefully
considered, including the patient's overall health, the
vascular health of the affected limb, and the presence
of chronic sores or infections (5). The complexity of
these cases makes it difficult to predict outcomes
and choose the best treatment option. Despite
numerous studies exploring the prevalence and
mortality associated with amputations in diabetic
patients, predicting the best course of action remains
difficult. In this context, researchers have begun
exploring various biomarkers that might help predict
patient outcomes (6).

One of these biomarkers is the platelet to lymp-
hocyte ratio (PLR), a simple and cost effective mea-
sure that has been used in several clinical settings.
PLR is an indicator of inflammation, and its elevation
is associated with poor outcomes in conditions such
as cardiovascular diseases and cancer (7). However,
its potential role in DM, particularly in relation to
diabetic complications and surgical outcomes, has
not been widely studied. In this study, we aim to
investigate the relationship between elevated pre-
operative PLR and key outcomes such as mortality,
reamputation rates, and wound complications in
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patients with DM (8).

Patients with type 2 diabetes mellitus (T2DM) often
exhibit elevated PLR levels, which may be attributed to
the underlying inflammatory burden of the disease.
T2DM is characterized by a chronic lowgrade infla-
mmatory state, which worsens as blood sugar control
deteriorates (9). Inadequate management of the disease
leads to an increase in various inflammatory markers,
including CRP (C-reactive protein) and interleukin-6,
both of which are associated with disease progression
and severity. As inflammation increases, patients are
more likely to experience complications, making PLR a
potentially useful marker for identifying patients at
higher risk of poor outcomes (10).

The connection between inflammation and T2DM is
wellestablished in the literature. Numerous studies
have demonstrated that elevated levels of inflammatory
markers precede the development of diabetes and may
even predict its onset (11). For instance, research by
Pradhan et al. indicated that elevated CRP and inter-
leukin-6 levels are linked to an increased risk of
developing diabetes ‘12). Additionally, studies have
shown that chronic inflammation is associated with a
higher risk of mortality in T2DM patients, especially in
those with longstanding complications. This chronic
inflammatory state may exacerbate the risk of deve-
loping severe diabetic complications, such as neuro-
pathy and vasculopathy (13).

In particular, persistent diabetic complications have
been closely associated with elevated inflammation. For
example, Navarro et al. found that albuminuria, a
marker of kidney damage in diabetic patients, is
strongly correlated with inflammatory markers like CRP
and tumor necrosis factor-alpha (14). Diabetic patients
with proteinuria exhibited higher PLR levels compared
to those without proteinuria, suggesting that PLR could
serve as an indicator of more severe disease. However,
the study's small sample size limited its ability to
establish significant associations between PLR and
other complications, such as diabetic neuropathy or
retinopathy (15).

PLR has been studied as an inflammatory marker in
various conditions, including coronary artery disease,
rheumatoid arthritis, psoriasis and malignancies where
elevated levels are linked to worse outcomes, partic-
ularly in cancer patients (16). This suggests its potential
as a valuable marker across multiple diseases, including
diabetes. Our study expands on this by examining PLR in
diabetic patients undergoing surgery for severe
complications, revealing a positive correlation between
PLR and HbAlc, an indicator of long-term blood sugar
control (17). As poor glycemic control .
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heightens inflammation and increases compli-
cations, PLR may help identify diabetic patients at
higher risk of adverse outcomes due to inadequate
management (18)

While this study provides promising insights into
the potential of the platelet-to-lymphocyte ratio
(PLR) as a prognostic marker in diabetic patients, its
retro-spective design and small sample size limit the
gen-eralizability of the findings. As one of the first to
explore the link between PLR and surgical outcomes
in diabetes, further research, particularly larger pro-
spective studies, is necessary to confirm these res-
ults. Elevated PLR, an indicator of inflammation, may
be associated with higher mortality, increased risk of
re-amputation, and wound complications. Despite
the need for more studies, PLR shows promise as a
simple, cost-effective tool for guiding treatment de-
cisionsin diabetes management.

MATERIAL AND METHODS

This hospitalbased, prospective, observational
study utilizes an analytical crosssectional design
conducted at Justice K.S. Hegde Charitable Hospital,
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Mangaluru. The study employs convenient sampling,
following patients with Diabetes Mellitus (DM) and
classifying them into those with and without diabetic
foot ulcers. Peripheral venous blood samples will be
collected in EDTA vacutainers during routine blood
work. Inclusion criteria include patients aged 18 and
above with DM, with or without foot ulcers. Exclusion
criteria consist of patients with acute infections, hepa-
tic or renal failure, autoimmune diseases, or malig-
nancies, which could affect platelet and lymphocyte
counts.

RESULTS

The mean age for cases is 59.29 years, slightly older
than controls at 55.42 years. The age ranges are 28-87
for cases and 34-80 for controls, with interquartile ran-
ges of 16 and 14, respectively. The 95% confidence inte-
rvals suggest cases are generally older. Regarding sex
distribution, males dominate both groups, with 50
males and 9 females in cases, and 46 males and 13
females in controls, indicating a higher proportion of
malesinboth groups.

Table : 1 Diagnosis of cases of study participants

Diagnosis case Frequency
Diabetic foot ulcer-Right Foot 30
Diabetic foot ulcer-Left Foot 29
Total 59
Invalid 0
Total 59

The distribution of diabetic foot ulcers by foot
involvement among 59 patients. Of these, 30 cases
(50.8%) have a diabetic foot ulcer on the right foot,

ulcer on the left foot. There are no invalid cases, and
the total number of patients is 59. This data shows an

wagner's DFU Grade
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Figure:1Graph Denoting Distribution of Cases Based on Wagner’s DFU Grade
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The distribution of Wagner's Diabetic Foot Ulcer
(DFU) grades among 59 patients. Grade II is the most

10.17% of cases. There are no invalid cases, and the total
number of patients is 59, indicating a full dataset. This
common, with 35.59% of cases, followed by Grade Il data highlights that moderate to severe DFU grades (II-
at33.9%, and Grade IV at 20.34%. Grade [ account for IV)are more prevalent in the study population.

Table : 2 Comparison of PLR of cases and control groups

n Mean Std. Deviation | Std. Error Mean
PLR-case 59 192.14 | 95.77 12.47
PLR-controls 59 144.15 75.25 9.8

with a standard deviation of 75.25 and a standard
error of 9.8, showing less variability. This suggests that
the PLR is higher in cases compared to controls, with
greater dispersion in the case group.

The comparison of the platelet to lymphocyte ratio
(PLR) between cases and controls. The mean PLR for
cases is 192.14 with a standard deviation of 95.77 and a
standard error of 12.47, indicating higher variability.
In contrast, the controls have amean PLR 0f 144.15

3 SN E—

HbA1C-case

HbA1C-controls

Figure: 2 Box and Whisker plot Showing the Distribution of HbA1C of Cases and Control Groups

deviation of 2.14 and a standard error of 0.28. This
suggests that the cases have significantly higher HbAlc
levels compared to the controls, reflecting poorer
glycemic controlin the case group.

The HbAlc levels between cases and controls. The
mean HbAlc for cases is 10.03 with a standard
deviation of 2.19 and a standard error of 0.29,
indicating higher blood sugar levels. In contrast,
controls have amean HbAlc of 8.06, with a standard

Table: 3 Correlation of PLR, HbA1C of Cases and Control Groups

n Mean Std. Deviation
PLR-case 59 192.14 95.77
HbA1C-case 59 10.03 2.19
PLR-controls 59 14415 595
HbA1C-controls 59 8.06 214
Total 236 88.59 101.53

The table compares PLR and HbAlc levels between
cases and controls. Cases have a higher mean PLR
(192.14) and HbA1c (10.03), with standard deviations of
95.77and 2.19, indicating more inflammation and

poorer glycemic control. Controls show lower mean
PLR (144.15) and HbAlc (8.06), with standard deviations
of 75.25 and 2.14. Overall, the data averages to 88.59
with a standard deviation 0of 101.53 across all groups.
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PLR by wagner's DFU Grade

FLR

wagners DFU Grade
Figure : 3 Box and Whisker plot showing the Comparison of PLR of different

Wagner's DFU grades of cases
The mean PLR across different Wagner's Diabetic
Foot Ulcer (DFU) grades. Grade IV has the highest

and a standard deviation of 117.6. Grade Il has a mean
PLR 0f 186.35 (SD 74.28), while Grade I shows the lowest
mean PLR at 233.72 with a standard deviation of =~ mean PLRat 99.19 (SD 28.9). The overall mean PLR across
80.71, followed by Grade Il with a mean of 200.45 all gradesis192.14 with a standard deviation of 95.77.

Table: 4 Showing Variables of Wagner’s DFU Grades of Cases

Sum of Squares df | Mean Square F P
Wagner's 74710.96 3 24903.65 3 .038
DFU Grade
Residual 457259.07 55 | 8313.8
Total 531970.03 58

The p-value of 0.038 is less than the commonly significant difference between the groups II, III, IV,
used significance level of 0.05, indicating a  andL

Table: 5 Table Showing the Comparison of Variables of HbAlc, PLR of
Cases and Control Groups

Mean | Std. f p 95% CI 95% CI
diff. Error lower limit | upper limit
PLR-case HbAIC-case | 182.11 | 11.216 1624 | <001 | 151.46 212.76
PLR-case PLR-controls | 47.99 | 11.216 | 4.28 <001 |17.34 78.64
PLR- HbAI1C- 184.08 | 11.216 | 1641 <001 | 153.43 21473
case controls
HbAIC-case | PLR-controls | 134.12 | 11.216 | 1196 <001 | -164.77 -103.48
HbA1C-case | HbAIC- 1.97 11.216 0.18 1 -28.68 32.62
controls
PLR-controls | HbAIC- 136.09 | 11.216 12.13 <001 | 105.44 166.74
controls
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The table compares mean differences between PLR
and HbAlc in cases and controls. Significant differ-
ences (p <.001) were found in all comparisons except
between HbAlc levels in cases and controls (p = 1),
showing no significant difference. The mean PLR
difference between cases and controls was 47.99,
while the difference between PLR in cases and HbAlc
in controls was 184.08. The 95% confidence intervals
confirm the statistical differences in significant
results.

DISCUSSION

Diabetic patients often experience reduced quality
of life and increased morbidity and mortality due to
foot ulcers and the need for amputations, which also
impose significant financial burdens. Identifying
diabetic neuropathy and peripheral arterial disease
(PAD) is crucial for preventing foot ulcers. Various
studies highlight several risk factors for diabetic foot
ulceration, and early identification and management
of these risks can mitigate adverse outcomes. This
cross-sectional study identified a significant corr-
elation between high risk diabetic foot ulcers and the
Platelet to Lymphocyte Ratio (PLR) in type 2 diabetes
patients. Multivariate logistic regression confirmed
this connection, marking it as the third study to
examine this relationship (19).

In this study, cases had a higher average age than
controls, though the difference was not statistically
significant. A multivariate analysis found no corre-
lation between age, diabetic foot severity, or PLR.
Mineoka et al. (Japan) reported a significant age
difference between groups with and without diabetic
foot, while Zhang et al. observed no significant age
variation among different groups, consistent with
our findings (20,21).

In the current investigation, no gender distribution

disparity was observed between the two groups.
Similarly, Mineoka et al. reported a distribution of 273
males and 180 females, aligning with our findings.
Zhang et al. studied three groups: the first had 90
participants (50 males, 40 females), the second had
102 participants (58 males, 44 females), and the third
had 104 participants (63 males, 41 females), reflecting
comparable gender distributions across groups (20,
21).
In this investigation, HbAlc levels were significantly
higher in the cases compared to the controls. HbAlc
and PLR were used as independent variables in the
multivariate logistic regression analysis for diabetic
foot ulcers (DFU). Mineoka et al. reported HbAlc
levels of 7.5 + 0.9% in individuals with a history of DFU
and 7.8 £1.5% in those with active DFU, showing no

www.ijmjournal.org

Volume 8, Issue 2, 2024

significant difference. Zhang et al. found HbAlc levels of
5.51 + 0.50 in individuals without DFU, 8.10 + 1.75 in
those with DFU, and 9.58 + 2.64 in individuals with type
2 diabetes. Binary logistic regression analysis identi-
fied PLR, smoking status, and HbAlc as independent
risk factors for DFU (p < 0.05) (20, 21).

The current study revealed that patients had a signifi-
cantly higher Platelet to Lymphocyte Ratio (PLR)
compared to controls, with a weak negative correlation
between the groups' PLR values. This suggests PLR
could be a useful marker for assessing outcomes in
diabetic foot ulcers (DFU). Calculating PLR is simple,
requiring only a routine peripheral blood count during
clinic visits. Recent research supports PLR's predictive
value for diabetes related complications. Multivariate
logistic regression showed a strong association
between PLR and high risk DFU, even after adjusting for
other factors. Prior studies, such as those by Zhang et
al., Mineoka et al., Atak et al., and Serban et al., found
PLR to be significantly associated with DFU severity
and progression. These findings highlight PLR's pote-
ntial in predicting atherosclerosis in the lower
extremities and aiding in the early assessment of DFU
risk (20, 21,22, 23).

CONCLUSION

Patients with diabetic foot infections (DFI) who had
elevated platelet to lymphocyte ratios (PLR) showed a
strong association with osteomyelitis, higher risk of
amputation, and increased likelihood of septic compli-
cations. PLR is significantly elevated in individuals with
diabetic foot ulcers (DFU) and correlates with Wagner's
DFU grade, suggesting its potential as a useful marker
for assessing the severity of DFU. The PLR, easily
calculated from a routine peripheral blood count, offers
a cost effective diagnostic tool that can aid in the early
detection and prevention of DFU, providing a new
perspective in patient care.
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